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CJABNBGlB, PI£PPB.4J 00., LU4lTED. 

PREFACE. 

EDlTIO'l Of IS,p_ 

This edition indoo~ additional .hapes .nd lb'a, ~ n:u,m. 

much of the old mancr contained in the edition of 181)0. 

'nit, ~ imponant of the new featu~ are the follo"'ing; 

Change in numbering thc ~ction$. whereby .. ~Ihodjcal Ill" 

rang-erne,,! is attained. In ordering nr j1Hluiring ~ the M'" 

numbers. 

The ~r~nl"'tion in the lithographs of Ih(' !lKtion.., u rolled 

iD the K"enl finishing ~. for the same si.e of ,h.p"'-

The indication by I~ lIM: of different colo .... a.; t·, whether the 

!>«lion can be 1UI'I,lied in iron or Meet 

Revised lpecificalionl for construct ion31 iron .nd "'-eel 



OARNEGD!l PHIPPS &;00., LlltdlTBD. 

GENERAL NOTES. 

The manner in which the weight of various !;t:ctions is in· 
creased is illustrated on pagc SO, figure!! I, 2, 3, 4 Rnd 6. 

For Channels and (·Beams the enlargement of the !;t:ction 
adds lLIl equal amollnt to the thickness of web and the width of 
the flanges. 

The effect on angles of spreading the rolb is to slightly in· 
crease the length of the legs. MO:5t of the siu!, however, are 
rolled in finishing grooves, whereby the exact dimensions are 
maintained for different thicknesses. These are indicated in the 
lithograph plate!! of angles. Z-Bars are increased in thickness 
in the $.'1me manner as angles. 

I·Beams, Channels, Deck Bcams, Angle~ and Z-Bars can be 
rolled to any weight intennediate between thO'ie given. Lith· 
ographed sections shown correspond only to the minimum weight. 
Channels having but one weight specified can only be rolled as 
shown. .<-:tars and T.!,hapes do not admit of any variation, and 
can only be rolled to the weighl!l given. All weights given are 
per lineal foot of the .>e<:tion, e~cept T·Rails which are per yard. 
Where the shape can be rolled in iron Or steel, the iron 
weight is invariably given, and 2 per cent. must be added if il$ 
weight in steel is desired. Sha~s rolled in steel only have their 
weight given in steel. The lithographs show whether the 
material is rolled in iron or steel, or both. 

A recapitulation of all rolled shapes, with their minimum and 
maximum weights per foot in iron and steel, is given on pages 
OS to i9, inclusive. 

(n ordering designate weight or thickness wanted, but not both. 
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I. . "' .... 1\>0. f -', 

w,.."~.'" " • ./ "-h-" '. ~ ". 
~ " 

, 



I 

OABNSOIB, PHIPPS &I 00 .• LlMlTBD . 

• -
ANGI..ES WITH UNEQUAl.. LEnS. 

",:,; 
.' 

A 208. / ........ 

"."'~~,t" ", Old N •. 74·· . '. 

,/ ~ ''''', 
" ' 

';" , 

A,"" ~'" ].6 to •.• lb. . ;.' \. 
OfJ N •. 7J· ..... - '70-

'.' ">" 

A 273. .. ...... 

"6,," 4'21/-~~ . 
. <./ -~~ 

A 2 70. .. ..... 
1.o1O'.61b..~~' " 1', 
OfJ~···M·· ~, 

~ .. ' 
Wlnw ~}m .. ,... cfw><ftw ~.r-/'" Slwl. 



CARNEOIK, PHrPPS &; 00., LIMITED. 

R ..... 10_ -- .. _ .. -. 
SQUARE ROOT ANGLES • 

A l.I5t . 
,~~ 

OU "" •. 11. 

.•.. . '.', 
"'. 

./ ........ . 

""'''' 

~..::: .t........ """ 
(}{<l No. ".:,/ 

(/ 

....... "" 
A 11I~6. .... ••••• 

" 
", ", 

9-111>0. .... ~ .. 
(JUNo." . .... • ••• . ' 

{ / 

.36:. 
· 501 Ibo. 

Of<l N •. I~ 

", 

s. 

~
' ..... ' 

.11"0. .' ". 
•. U... rf" ....... 

OkN •. ' ... • .,". 
~... . ... 

" 1St. ..--' .•.. 

,u'!;";;.~.J.'" '~ 
" . . ;" " 



OARNEGIE. PHIPPS &I 00., LI1>!lTED. 

. 
SC:UAR'E ROOT ANGLES. 

R"""d.tsl.dk.,. 
"""0.,. roUed In S...,L 

_A 401 . 
t-9 lbs • •• ~" .. r.,.,,~~. 

Old N'.9,.;:r , . . 

.A 402. 
t., Ibs, 

O'dN •• ./},. 

'" 406, .~" "' .,~,~. 

1·1
1b1

. "'~'" dldNo,p.( :.- A.4H .. 

37 

•. 8 Ib. 
OI<l N.'97. 

A. 4 1 6. 
o.l lb. 

>~ .... "' .... '~~ 
" " . . . 



r ~~----------------------------~ -. CARNEGm, PHIPPS &; CO., LIMITED. 

A 41;9. ~f ' 
6.7 to 8·3 Ibs. C\I ') 
Old ND·96 . .. ' 

A 460. 
8.5 lb •• 

Old #-<'79' 

,,,'f' •• '"", 

-".,,,~m 
A 4'li). 1.\// .' c9;'~ 
·4,15,11», . 1 .. 

OIdND.J:/fi{I 

(' 

A 476. 

Rose 
SPECIAl., ANGLES. "" 5 

~ 
o 
o 

A 4 66. 
6.0 to 8.0 Ibs. 

Old No. 98 ... 

~.;:.{'t"''''''''''<! v A 470. 

~~ ,''';', "..1 Ibs. 
~~ ... oJ ·,.,~/d N().322 a, 

" 
.J 
Cl 
Z 
« 

A 472. 
.·1 Ibs. 

Old ND.378 . 

A4U. 
J.4 lbs. 

., 
-~ 

E. ~=========~.-' 
.:.. ....•.•... --- · ·-------6'J.·· - - - - - - -------.~ 

s .. 

38 

A 473. .~ 

7·9 Ibs. }( /1 ::: 

Old ND.J79. - ~ 

~ .. . --



• -- TEES WITH EQUAL LEGS. 

:--...... -.... .. 

• 

, 
TO. 0 

".5 n... '" Olti H •• IO· • 

M· 
... ~ 

!" ·····3"· .~ 

"~L' 
k 

o· 

TO. 
91 Lbo. 

Old N •. ,». 
• _.7 

•...... ~;;.-: .. --." 

TO. 

• TO. 
10.7 lbo. 

Old N •. 1)9" 

,. 
TO. 

II .... 
0'" N •. r"B. 

.. ~, .~ 

. •• 
:r 10. 
6.) lbo. 

, 
Old N •. liu. ..... 

\~ . 

•• 

~,. 

6.1 lbo • 

Old .v •. RI • 

T 8. ~ 
7.6 Lb.. 

Old N~. 1$1 • 

• n;"'-- "': 

• 
T 11. 

So. lbo. 
Old .v.,tOJ_ ... ~ 



• -
CAH~EOm, PHil"PB '" 00., LIMITED. 

TEES WITH EQUAL lEGS. • 

1: 15, 't 16 . 
3./) lbo. ].0 lbs. 

ord NtJ.,66,. OM N,. )1>8. 
. .... ~~- ... .., "'I'!-1~ .. , 

~11 
., .. ~ "':.: ;;;"i 

'f 
.. J ""t, •• ~" 

III 11. or 18, 
'.5 lbo, • .Blb:t. 

OMp".17J.. OM N •• F7~ • 
... -ld.'··, 

r..~ ,O~ . ~' - ",' 

~'. J '! ... 
K" iV' 

~" T 20. 
•• olb&. l . ~ lb&.. 

Old No. J7.J. Old N •. '76. 

'~ 
t;;t ._-I'f!: .. 

~f ~' 
\;" "" 

T 21. ']I :112 • 
•. ~ lbo, 0.85 lb. 

at" No· 171. OM N . , '78, 
.;;, ...• : •. ~ -C'''''' 14¥' "'" , , 

J 

"" ". 

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



...L 
.. 

OABNBOIl!:, PHIPP8 III 00 .. LllUTBD . . _ ..... -.",. 

TEES WITH UNEQUAL "lens. -, ~ toLJ.od.. ~ 

. '" ... --_.-, 0 . .. a 0 ,;;-loll:' • , , ~" 
So T 00. • Till. 

'l.3 It... ,0.8 It.. • 
Old N~. 130 au No. ,)1. , .. 

. ,. ¥,,-l. 
>t';" 

'." .. 
F:i::::~t: 

.... . . -..... . ...... 
r~ .. 

• 
, 

T il ::. T 63. . .., ... t ... '" ~ 
<», ,". 'J]. ~ Old ,.-•• #. 

• .. $,:" 
~. 

. "'W"- . .. . , 
'j."" 

.. ...!oiI"-.----- ..... .. :. " "No ,. , 
• ~ T 1140. TlSlI. 

. .. Ita. ;. ..... 
. .i 

...• ;<'0 

;.-.' 

" .","' .. -- ... ~ , .' .. ,.., 
.. ~ '.' N' 0" • " • • , 

~ 
;.-T 116. 0 

903 1'-. 
T Ii"l , 0 .. 15.] 11>0. ~ ~~ Old N •. JJ4· 

'" · 
'",~ 

WM,.I _pt •• ~Ipw./_ I .. "" • ..u ",./_ SlUt.. . 
I ., 



OARNEGIX. PHlPPB &I; 00., Lll!/I1TRD • . -, 
TEES W1TH UNEQU .... L LEGS . 

. " 

,. 

..,i 

+IO:;'===i:' -.('" ......... . 

T 63. ,.t It.. 
OM N~.lp. 

AIoII ",II..! '-I 1100. ". 
'''''''WIIi!' '''--= ~h_... r-
:r G(I". 
6.Jlba. 

0JiJ .N~.J.u. 
~ 

_ ... J ". 
u.:u~~ -vA1~ ... 1 pr.-/,., l~ ...... 111."/ .... sruL 



,...-,. 
T 60. 
".5 Lt.. 

OU N~.J~ 

051 ':0 .. l...DoUTED. 

TEES WITH UNEQUAL LEGS. 

... J 

. , 

, 
T 01"R 
.plt.. 

0hI N~.f8J . 

'Is 
or roo 
&.3 1bs. 

Old /o'~JJO 

•••. v 

~ " T'l'l. 
i·61~ 

OUi /o"".IJI • 
• 

,.····---3'1-···· ·· .. ,R' ___ "C"'--"--~ ,. ..... 3"--·····~ 

T 11, 
" ,6 Lbo. ~ 

au N.I-I,$I I 

! , 
••• J 

_ ... --r ..... _ .• 

T 'IS. 
'0.7 lbo. 

OU N •• 19. 

... ~ 

T'::. 

or 73 . 

' Q...I Lb&. ~ 

..... -r .. -_ .... 

! 
~ • 

.-
;'it t W, 

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

T 77. 
S.j lbo • 

Old , .. ~.JGJ • 

.A~ _irlll, "r. /0"1..",,. F~, St •• r,.JJ 37-• 

•• 

• 

I 



CARWWDt. pmpps & 00 .. LIKlTBD. 

. -. _ '''' 1 .... eoI. 

TEES WITH UNEQUAL LEGS . 

... .. -..... , 

""rrf flO'- to 

T 80. ~ 
, •• 11>0 

o:4N •• IJI . ~ 

..... '. 

0;; '!J.<i:.'~ 
,,., ,. .. 

T ~~ 

~ T tU. l< ,.0 lbo. "'lbo. • au N •• tJ6. DUN •• I$1_ ... , 
'It" 10:" 

2"4'" ..... 
'h< '" " ~". <. 

T 8l. TO. <.- , .. II ... • 0141( •• 1$9· ... CNII.· .... JJf>. • 
j 

'~-... 'y><: . .. i. " ' . . , 
T&.!. I • 
UIbo.' t:-, 

• 

'~':r:' !,.' , T 9:l. 'a, :.: ,.,100. -
0<"",,111. ." 

>{;." 



-, 

OAllNllOlB, PHIPPS '" 00 .• L!MITED. 

• ' . _" ... ' ....... .................. ~. Ir .... $PEOLAL T EE'S. - " 

T 1'111 . .... , 
(11.1 ":~'I:'!;,_ 

'ii, 
-, .,.t}(-." 

TU.a. 
4-6lbo. 

_?!")N~~. _ .. 

# .. , 
.~.!IJ( • 

H"ND "",La 
T 1$". 
,.0 Lbo. 

014 "'0 101. ~ ••• ~ •. 4 ,- -, ':j '1:. I --<: 

~ ~~, , . 

TU&. 
~·9Ibo • 

~ 
, -. , . . 
. , 
L 

IW' 
T 158. 
10.611>0. . .., ," . 

~ 
, 

, ,i , 

-j 

" .. 



0..,.. rPl '" 00., 

SPEGlAl TeES 
, -

.... t, 

, ... 
T . ICJ,l . 
1.)$ lb&. 

•.. !!~~.t~' -, ••• _ ......... 
.. -~
T . l al. 
o.}~ It.-, 

dlJ A.,tP!-

",.;..."",,:~,:~'::" •. ;~y 
~ •.. *,-~'; 

T.163 
I,olb. 

, •• O.'.·!f~I=,~i!!~·.·ii· 
uq'l j.., 

...... ~ 

Tin '~IOH' 
T · l e ... 
•.. oJt.. 

, OJJNII~ • 
• "" ~ ~ n. .. ~'-: 

ICC &LIDe UCTION 
T 160 . 

~ 

•. I,lbI. 
Old Nil_ ;Oz. 

~,- 1).((·· ...... 

" "'p~ 
CAULK tTEEL 

T . taT. 
0.8 lb . 

~·v~·P'. 
1 
... 



+ ____________ -11_ 

• 

OARNEGIE, pmpP6 & CO., LIMITED. 

0' 

'" ",8 lb •. 

,. , , 

Old No. 100. 

~, .. '--~ 
(, '''''" '_3~' 

f.~~;:,-

STARS. 

S 5 • 

Old Na. 38'" . ;_.~, ,.~ ~~~"'" 
2~': .... 

. .,~~ O,"N'

T • .:m,; 

-It' 
". ' . 3 11>5. 

O~'"'~" ':'. 
\(.,_."l 

.. 

" ". 

W 
SUo 
5.S lb •• 

091'" N, .. ",., -,' "*, 

. 'b 

. .....• 

" .. db •• 
Old N •. 106. 

;4
.". 

"'" -'.:fi" 

;-""\~~ 
-:-: 

•••••• :t' 

47 

1i.~ 



OAIlN U[~; PHIPPS & 00., LtWTSD. 

II 68. 
••• 11>0. 

()U f,,ou., ,. 

II 100, 
.·19'11>0. 

01" 1:I~,.JJfo. 

6A.Sf4 ·BARS. 

, •. J 

••• 8 ~t . .... 
'·111>0. 

o:~ 1" •. 7"!. 
OI;':J,~.;., •. ",1100. 

01" ."~. ~". 

~:t. ~ 

')_ r- . 
! , 

" 
.f-" 

" 1 
II iii, 
' .. Ib. m" ., .•.. .,. 

t ···· , . -, ~.-.,: 

'~ :;! 

.. : ... -. 

.. " 

SCREEN-SARS. 

> • , 
7 , 

" .. ". 'n· , . ".. 'U;' iI!: ..... LI>o. i' • • ~Lb. ' 
~"l>' •. >fl , . ()U No, .U. I 

__ j , l' ,'';' 
"~ ~);r 
, - , , 

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

.6 

.... . 

l!I Qt. 

o.-r,.~~m. 



CARNEO!F. PH!!'! S & CO .. ! IMlTED. 

G'. 
2.661boo. 

\lROOVES. 

Olil N,.»D.. ~ 

L:::==~!E~~==~:r_~ 

r 

, 
~ 

OIJ N# #/. r" ? 
--1r:: .. ~:::-', -".... . 

·-t~ 

G , • ... , ... 
Olil lt~.d. 

., 
. ..... 

• 

11_ ..... _ .. - .-
Oli/Y~~ 

P:JV 
G 10. 
' -9 lbo.. 

OIiI !o'.t.3/~. 

1Tf.i'. r'!~~ 

2" ..... 

G '. 
].01bo:; 

0Ii1 ,,',.:IlU. 

.' ,., 

..' " -. 
, • 



OARNEGIE, 

f 

j , 
11f"· 

~'!. 

I 

PHIPPS '" 00 .. 

GROOVES. 

•• L 
... "... , 

Q41.v~ .... " 

" GIll •• 
... 111. L'" 

;NM"~g.} 
, .... ~ .. 

,. ... 
, . • , 

" 
" 

,. ~< 

"'f 

LIIOTaD. 

.... ........ . (H4"' .. ~ •• . , 

• 
(lilt!!. 
0.60 Ill.,. ... 
U~ , ,< ., 

II lit. 

0..1711>. "f 
II ... N' 'it , 

• , 



OAHNBGllI, PHIPPS at 00 •• L.lJI4lTEO. 

FENC~ IRON. 

G 46. 
o.5Ib. 

Old .Nb. ,,:6. 

dt.:t? .. 
G 44. 
0.75 lho 

OldN". u.s. .. ~ •.... '""" .. u, . .. ~ .• 
>" 

," 

G f3 . 
09 tb. 

OMN().~:¥1. 
• ••• . _1Jo:' _ _ ... 

~ 
~AI'IO RAILS. 

G 4Z. 
" . 3 lb._ 

Old .v~. "0. 
f! 

... - • •• .. ·-.21: .••. __ .... 

G ~ I . 

1·,Ib.... 
...... , 01, .'.I". t¢!. 

GROOVES. 

G 30. 
o.58Ib. 

OM No • .;$,]. , .. t] ... r." 
~ 
: '"."..-
< .. 

G 37. 
o59 th. 

Old No_ i'~;._ 

'<'M .; .. "~ t .. 
~ .. ,. .. ,._, 

038, 
0." 11>. 

Old No. 2Oq. .. ..... 
'i~'" 

~-.it"'~ 

H :'10. 
G.39 Ib. 

OUNb,.o;~ ... 
'<LJj 
';~U"" 

• --10"" 

I"T'·· .... ···· _---In~ 
l "- 'J _I~ 

G 40 . 
O.U tb. 

Old No, 2,s. ',."".,,-< f_.:t::I·· .. 
. . -.-. - -... Jt!--- .. ,. .".. 

., 

1tow1iO'.,ndl .... __ .... 0..1 ,_ 5teel.. 

BICYCLE TIRE-STEEL, 

G 48. 
o.~ tho 

):ffi 
•. ." i ·M·:,. .. _.w_ .. ; 

G 41. 
G.Oo lb. 

Old />#, .¢. 
.. ... "'f~--. 

~iI \~ 1\ 
.~ 

;" .. ~~ .... .,; 
G 46. 
G.8o>Ib. 

Old /Vb. ",JJ, 
"'."jlt---. 

"'~,. ~ 
'!"K .. ~ .. ). 

.... - >tIo-~.--~ 



i 
l 

OARNJWIB, PHIPPB .,. 00., LlI4ITBO. 

It 1. 
:00 lbo. r- y&rd.. 

OMN./Ja.. 

~~ ~'" ~ 
• 

, , 

n .ll . . , ... 
01" 10 •• iJ6 

RAn.S. 
TRAMWAY IUJ~ 

It =. 
. 6Ibo. PO' prd. 
01" .10' • • .1,0. 

Jt 20. ,. .. J,;; >f' 

" 

"'4 
STRUT CAR GUARD RAIL 

R !til. 
4-6 It.. 

Old N •. II.J./ 

" " 

•• 

III.OT FlAIL 

It 10. 
:'}oOlbo.. 



OARlIl ~O ~ O. LdUTED . 

..... ..... \MI<aIIo __ lalna. 

PLATeS. 

DOOR 'ILL PLATo.. 

. _ .......... ............... ~ 

M. I. 
' -~J Ik. 

Ott/H •. p. 

~ 
~I. 3 . 

TROO '3.0 lbo. PLATI. 

C====:=====~~o-=im~'O·l·"':Pf. 'll::t -:-11 • 
r- 2 .... ~ "'" _ ...... tl!'~_ ._fW/ 

':Jj"" 
t"""- ... -< 

'0-.. _ ••••••• ...., ... ' 

H . SO. 
7-9 10 .. .. It.. 
OUN •• 1"fO. 

.. 1,,"'-" 

• 

M. 33. 
".4 \0 ')0> lbo. 

•... -..... 

TROUGH PUlTI> 

M.IO. 
,6.0.022·111:." 

,J 

" \. 
• .' . .w'-

CORRUG.AT"lD ~,. 

" 
'! 

./ 
8)t" 

CORRUG.ATW PUlTL 

. ...... - .... -.. ~-.:-

- .. ~ 

f 

• --I,","· , ...• 
• 

.,.,. 
-.. ~.~ • 

"lVI ..... "' . 



r 6 

I 

CARNl':OIB, PHIPPS'" CO., LI¥ITED. 

, 

Pl...ATCS. 

, ," .,. 

It< ., ............ . -
/iiI . 103. 

lA ' o ~.7 11 •• 
ab' Nt>. 113. 

~<>/ ~ M. 10~. 

~
,.r ..... '8'V- . , J' ~ 

.- . "" 4· ·0 · l.a ... • 
OId N • . ru. 

_._-..... ~ 

CHECIIV'lEO Il'LATl • 
.M.. 60. 

Wd'hl ..... "'.""" .'-oto~' .ol_. 
M u;mU/II wid'" 34" 

= :: --.. I I 



, 

f-_____ O_AB_N_"_O_IB. __ p_BlP __ PS_"_OO_ '_'_,'_M_'_T_1W-"-----1 ' 

MISCE'lLANEOUS .-..... -. .. ___ la ...... 

P1.0W au .... 
111. UO. 

7.1 to 9.' lbo. 

~ 
~ 
:,. ..... ~,,'~ ... -; 

M. HII. 
tl" to 9.9 , .... 

·4 .. · IX'~ -'f-"> 

E-:' ] 
M.1l12. 

8.9 to '2.4 I ... . 

. lJ"';_ -t~"'! .... '\:,;~ 

~ 
~ 

"'-!X" ' 

M.143. 
9.7 10 ".3 lb.. 

..... ~-- I.% ~ ~~ . 

•• 

M.ta"'. 
1.' to ... u. . 

• ~--J"(.w,;-X ..... _ 

[:fXG 
i. •. ....• -t.I(~ .. ..... . 

H . ] 110. 
8.0 to ".~ lbo. 

.....,,;"K;.--h"-Jo;.~~ 

~ 
--.-... -!"~ -._; 

Ill. 160. 
9. ] to "., II!.. 

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

00 , 
•....••.. --t,;'.- • - ..... 

, 



CARNlDOlE. PBlPP8 til 00., LDIlTlm . 

MISCELLANEOUS. 
• 

l'r 20:. 
1)1 .. 

OU,h.~ 
ltl 201. 
S·~ lbo. 

..... ~"f';>r": 

( p) D~ • 
SLUG STEEL . 

:D1 204. 
J.}l!>o. 

r-o:.~~. 

U ' 

.. . . -1-" .•.• 

!I( 12011. 
' 4. ,1'" 

Old ;\'~.,J:J • 

..... .. 
, 

" i~ 
; "!' 

.... -. If" ..... ..... - ....... ~-- ...... 

ORATE lIAR 

At 2 00. 
5 n II>$. 

otJ N9.Jfl. 
• 1\+" · .. 

CU P t Tllt!,.. 
M 210. 

7.0 Lt. . 
Old .~·9. J$$ • 

• • ,. 4+10" ••• 

CROWN $ H,u>l, 
'III ::01. 

0.) Lb. 
~Ii N", YQ. 

1'1"1:! 
~ 

III 213. 
la.$ to ' 4.$ It.. 

r··4W'- ..... , ' 
" .. , 

ill :::08. 
• .• Lbo. 

Old /od.)P-. ."."~ 
g':'j' .,... _ ,.. f 

'10<" 

JlJfJ.,~, !l;:Jl-:::;;., 
," __ •. _ . .w.~ :... . ...... .,.. 

.H JII 12. 
0.51bo. 

WU,.. -V'II .. ", Pw"/9" ',*", "."'/IW!I/IIuL .. 

•• -



OABNsum, PBlPP8 '" 00 .. LIKIT&D. 

T 1I0~ 

, " I'I1II:1>. 
~--!flo" 

-fi"" -( .~ 
~.-- ....;......~,:...--.,:,~. ~ . ..-

1,,~_ ••• 

81bLlUOO.,lbo. . 

.,ro'>. 

~'"4 
:,. ... ...... .;...=.;t ....... :-"...J._ .. ...j "" ... ~ ...... 

"'l lbo.. -.t2lllbt. 

T 600', ...... 
' .. t'!:. _ 

~"J:-a ~ ......... ..I.-.:-.::~ .. -+ "11'"'''; '-_.-_ ..... 
• o~ nit. aDd '9 It.. 

, ". .., ...... .. ... 
'J" "M?. 

~
I,J~. " 

H_~!" 
- -, . 

;""IN' ......... i..:: ._ .. ....,. ..J 
.... __ . __ J 

and.,.lbo. . 



-1 
CAH:-i'~' .!. pi:i:l'r~.\: 00._ LJ:,nTi lJ 

SIZES OF CA.RNEGIE BARS. 
IRON OR a TEIL. 

All dimenaiollS gi,tD art in m.:hes. 

• ROUNDS. • 
h,S, fr. ~.h. ",H,H.J(.tJ, . ~, U, i t, I, tn, ',Ii, H(. 

Itl. l ,.;, 1,',.1>' , l /i, I", t .J(, IU.2, !!,Ii, 2)4.!1(, 2~, 

I 2", 2J(. 2;i, 3, 3,)(, 3~, Sf.( , 4, ",Ii, 4J.(, 4',. 4~. 
(H" , .U, .fo U , 5, 5}i, 5)(, 5~;. 5J{, 5". 

OJ(, ~ '14', ')i, 'j(. 

• SQUARES. • h, '" if.}S, h . H. H. ~, ft, Ji. H. 1, In . 1,1(, Itt. 1,1{, 
I h. t ~, I';', IU. 1...\ , 11', tHo IU, t t~, IU, tH. 2, !!}i. 

2)(, ~, 2,1{, 2H, 2J(, 2U. 3, 3,l(, 8~, 4 . 

• HALF-ROUNOS. • '" X. H, K, J', t, l}i. I l(, tg, tJ(, 2, 2),{, tYr, 3, .foX. 

• OVALS . • )ix14'. "Xl'll .J( X", /IX" . - HALF-OVALS -)ix ii, /Ix" , J(x /t . Uxil' 
t}s:xM, l.J(xH, lUX". - ROUND EOGIE: FLATS. -t,!{x'!{, t}(xH, lUX". - "LATS. -Width. Thictn.L Width. Thi"- Width. Thickness. 

- --- --

~ )j '" ~ Ii> ~'"I~ • J( 102 

)j '" • ' 101 4X ,J( to 2 
I }i to H '14' J4 10 \l( , ,J( 102 I,. ,Ii to 1 '" )( 10 Hi 'X J( to 2 
1)( ,Ii 10 t,li :~ ~Iol~ 

, . 
}( to 2 

I~ Ji 10 t}i to !\' 'X >( 10 2 
l)i 

I 
~ 10 1~ 'j( X to l'i , . ,. to I! 

I,K U to lY.' , ).( to I! 'Yo J4 to I! 

• IJ( It to 1,!{ 3U J{ to 2 . . 
I 

,,, I 



OABNEOrs. PHIPPS &5 CO., LIl4ITED. 

EXTREME LENGTHS IN INOHES OF RECTAN
GULAR STEEL PLATES ROLLED BY 

OARNEGIE, PH rPPS & CO., L IMITED. 

STEEL PLATES. 
---;-----,--.--- 1 

• .-( 114 1", ~08I .. ' 11I5lD. 1 tOO l ... fBI •. 101 .. ' MlD. I ", . . ' , 
~:;,j Wiolt. Wille. ..... ~ '1'.40. '11'<01.. " ,40. "ii.. ... .... 

-'-- ----;- - - ----;--,-- --
J.i .. 120 150 180 200 225 245 
h 130 160 200 210 225 250 275 
~ 1-40 170 200 260 310 330 800 3SO 
ta- 160 200 1 230 2(5 310 84.0 380 oiOO 
};' 170 200 220 240 290 330 360 370 
i1' 170 190 210 230 270 290 840 360 
, 160 180 200 220 240 260 800 310 
H 160 180 190 200 220 !!'O 260 280 
J{ 160 ISO 190 200 2lO 220 250 280 
H ISO 170 1 180 190 200 215 245 260 
M 140 160 170 180 tOO 205 221) 230 

1 13D 150 160 170 ISO 195 215 230 
I~i 12(1 140 145 150 160 tT;j 190 210 
\J.{ ----.!!L 120 125 140 Wi 155 175 185 . ,. ... ·'· 1"'· Vi... Y i ••. 

C8 !m • 

'I';4e. 

~, :: ~~ !~ I :~ I : 
rs ,(OO 4.20 .u0 460 500 570 
i., , '&20 .30 .(50 480 SSO 570 
X 800 4.10 .all 480 520 570 
l 370 890 4..."0 450 500 570 
~ 330 850 370 I 400 480 530 
HI . 310 3030 850 380 430 500 
J( 800 320 840 360 4 t 0 480 

280 800 320 840 380 450 
~ 260 270 300 820 360 430 

I I 240 250 270 290 330 880 q, 21C 230 240 260 300 350 
1)4 195 205 215 230 265 SIO 

3a !Q. U. !Q. 

w.... Wido. 
- , -

"' 1 500 550 '" 500 600 
600 600 
600 600 
600 600 
600 600 
600 600 
." 600 
54' 600 
.. , 600 

'" 54' «, 500 

'" '" NOTE: IROX PLATES from 12"10 24" wide nnd ~" thick 
can be rolled up to 63 ft . Iron plates 24"10 36" wide:md ~/ 
thick can be rolled up to 54 ft. 

.9 



, 
C._Rl- ~(, P co. .Ut..lT' CO. 

lII1INIMUM AND MAXIMUM WEIGHTS AND 
DIMENSIONS OF OARNEGIE 

J: BEAMS. 

STEEL B E AMS_ 

.... YIi8:~Il:.fooI, ~ Y •• ........ 
w.o- ~ .... 

~I ""- - .. 
b:ci:.ror 

b •• .... _ im-
• -- -, , .... IiI. h. •• h •. Ili •. h •. 

""rhL 
- --:------ I-

• I 24 '"'00 100.00 6.95 7.'" .50 .75 .Ot23 I 
B 2 20. OJ.OO 100.00 7.00 7.30 .00 .90 .Gls 2 

'3 2\). ".00 75.00 6.25 6 .• 1 .50 .66 .015 2 

•• 15. SO.OO 100.00 .. , 6." .71 1.16 .020 3 

\ II 5 15. 50.00 75.00 6.04 6." .54 .M .\)21) 3 

I B 6 15. 00.00 69.00 5.75 5.93 .45 .63 .oro • 
*B 7 15. 41.00 49.00 5.50 5.66 ... .56 .020 3 

Jl 8 12. ..00 56.70 6.50 5.91 ." "" .02.\ • 
' S • I. 82.00 " .00 6.25 5.42 .35 .52 .02.\ • 

BIO 10. 33.00 .(0.00 6.00 5.21 .., .58 .020 • 
BII 10. 25.60 82.00 4.75 .... .32 .51 ... • 
BI' •• 27.00 32.00 4.75 ' .95 .31 .51 .033 5 
, ,3 •• 21.00 26.00 4.50 4.6, .., ... .033 5 
BI. & 22.00 27.00 '.60 4.6, .27 .<5 .03? 5 
, ,5 ,. 1&00 21.70 4.25 4039 .25 .39 .03? 5 

BI5 7. 20.00 2200 '.25 '.33 .27 .35 .Il42 6 
BI7 7. 15-" 19.00 '.00 4.15 .23 .as .Il42 

I 
6 

BI8 5. 1600 26.00 3.63 '.83 .26 . .. .04' 5 

'" 5. 13.00 15.00 3." ... .23 . .. .04' 5 

"'" 5. ,'00 ,.00 3.13 3.31 .26 ... .115' 7 
B21 5. 10.00 12.00 '.00 '" . 22 ... .05' 7 
S22 •• 10.00 13.00 2.75 297 ... ... .07' 7 
1123 •• 7.50 '.00 2.63 2.74 .ro .3\ .07' 7 
Jl24 •• 5.00 &00 2.18 2.33 . i8 ... .074 7 

NOT&.-&a.ms marked.lhlUl *, C&lIllso be rolled d 1100, 



. 

CARN~-:UIK PllIPP:; ," co .. I.JM1TED. 

MINIMUM AND MAXIMUM WEIGHTS A!1D 
DIMENSIONS OF OARNEGIE 

:r BEAMS. 

I R O N BEAMS. 

':l" Y~r:t.o<, ':'.:f: Y •• 1=- 0, 1 
tmd;_ i-:'ir ,:i! .... 

,:",, 1 .\.l·-io l "." 1,··1 h., 

, ,- Ii .. k •. ., .. ~ .... .r I .... 
ftiCkl. 

--
1l.I' ". 80. .,. ... 6.22 "I .00 .020 • ]162 .. 60 . ". 5.45 ' .65 .57 .77 .020 • 
'" ". 50. 57. 5.06 5.19 . ., .53 .020 • 
"" " 66.5 60. 5.18 ,." .78 . ., 

I 
.... 9 

ll55 12. ,2. ". '.M '" .51 ... ... 9 
ll56 1M ... ... '.80 , ... .56 ." .... 9 
"'7 • M , .. " . 4.053 

,GO I ... .. .020 9 

B58 10. ". 50 '.75 '.99 .50 .7< .030 10 
Jl;)9 10. ... • 1. '.50 ... . .. ., .030 10 
'80 10. 30. ". I'" 4.46 .37 ." .030 10 

"51 9. 38.5 50. 4.71 5.09 .<6 .S< .033 10 
H62 9. ".5 ,. ~.16 4.47 ... .71 .033 11 ." 9. '3.5 28. '.96 4.11 .M ... .033 11 

"" • ... <D • I 4.50 .." .50 .73 .O3!l 11 , .. • :n. ... '.09 4.24 ... • 56 .... 11 ... •• 21.5 is. .,. 
3." Jl3 .'6 .O3!l 12 

>" 7. "- ". 8.82 '.95 .sa .51 .,<8 I' E" 7. ta 'I. 3.52 365 " . .. .'" 12 
B69 S. •• ta '" 3.&1 I .25 .95 .050 12 
'70 S. .3.5 15.5 3,24. 13.34 ... .M .060 12 

E71 ,. 12. 13.5 2.96 . 3.05 .28 . ., .... I' ll72 ,. 10. 11.5 2.85 12.9-1 .23 .32 .... t3 

-"" ,. 9.6 11. 2.75 2.85 ." .8S .075 t3 
*1174 ,. 7. 9. 2.51l .... .18 .sa .075 t3 

-'75 9.5 
, 

.81 [,46 .100 ,. .1. 2.66 2.71 t3 
'..,6 8. 7." 9. 2.4 1 12.58 .ll2 ., .'00 t3 
·1l77 ,. '5 1 7." 2.22 2.39 .16 .33 .• 00 t3 

.. -
NOTE.-~ms marked thus·, can also be rolled or sIMI. 
I'or 1t&eJ. add 2,.. ., 



CARNEGIE, PHIPPS & CO., LIMITED. 

MINIMUM AND MAXIMUM WEIGHTS AND 
DIMENSIONS OF CARNEGIE DEOK BEAMS. 

DECK BEAMS. 

Depth Wol~~I~ r",,~ ~~. Yo' l~..-.[ 

1lLiw... . lI,b _lid. ." So'lioQ •• ~.~(O. tor -j '.d'L '" 
Min. III ... oo.cl! lb. in· t, " .r ..... of In.h ... IIi •. I! ... M;D. II ... 

."'~h~ - - f--
BlOO 10. 26.70 35.00 5.25 5.50 .38 .63 .030 16 
BlOt 9. 26.00 30.00 4.94 5.07 .44 .b? .OO1l 16 
Bt02 • t9.75 24.00 5.00 5.16 .31 .47 .038 16 
Bl03 7. 17.75 23.00 '117 5.10 .31 .54 .043 16 
Bt04 7. 17.00 23.00 .50 3.76 .38 .54 .043 16 
Bl05 • 15.00 18.00 4.38 4.53 .28 .43 .050 16 

NOTE. BIOI made ill steel oDly. 
iron or steel. For steel add 2 %. 

Btl)( iD iron oDly. Otbers mad& in 

BULB BARS. Steel. 

mao 10. 117.00 125.00 ' . 

I 
.38 

l SI 
.029 14 

B1St I 9. 12.50 116.00 i . .25 .8" .033 14 

DULB ANGLES, Stee l. 
~~ ---..,... 'i'oif.bl 

~~ Y.' Paf;. No • 
SoctioIIIIG' L '1111" per oo~ " i.;oeb .. mill!. tbi<n... "'""<IlOll. 

--- ---
BI30 10 26.50 3.5 

I 
.48 .5 

Bt3t 9 21.80 35 .44 15 
H\32 8 1'J.23 3.5 .41 15 
nt33 7 IR25 3.0 .44 15 
BI" 6 17.20 3.0 .50 15 
Blas 6 13.75 

I 
30 

I 
.38 

I 
15 

Bt36 , I 12.30 3.0 .31 15 
Bt:r/ I 5 I 10.00 2.5 .31 I 15 

I 6. I 



c 

MINIMUM AND MAXIMUM WEIGHTS AND 
DIMENSIONS OF OARNEGIE OHANNELS. 

STEEL CHANNELS_ 

, ... ~ ... , .. ,..,~ ... ,-" 1ocIIo. I ~ I. lbo. ",4iL-~. ~t!. ~ .• 
I"". ! -. _ _ - ..... n.i.- i:1 
__ l~ lill. I... I, •. ~ .,11. _ .... ~k~ .. 

Ct r 15 32.00 51.00 3.40 I &.78 ,40.78 .reo 17 
C2 I 12 20.00 30.25 2.90 8.15 ,8(1.55 .025 17 

(' 110 16.25 !3.75 2.66

1

2.91 ..26 .51 .029 17 
Ct 9 12.75 20.60 2.(4 2.69 J!.I .~9 I .033 17 

C5 8 10.00 1725 UO 12.-1.7 .20.47 .037 18 
c6 7 &50 1-1..50 2.00 2..!5 .20.45 .OO! 18 

Cl 6 7.00 12.00 1.89 2.1-1. .19 .4-1. .6'9 18 
(8 5 

~' 
6.00 10.25 1.78 2.03 .18 .48 

5.00 8.25 1.67 1.91 .17 .41 
_.'------'-

.~9 18 

.074 ] 18 

UNEQUAL FLANGE AND OAR T RUOK 
OHANNELS. 

IIf YOl(~l: fooI, ....... 
WoL I Ml, .m::... , Iia. ..... 

-! 
CIOO 12.0 22.50 

Cl01 10.5 27.00 
ClOO 1(}..5 23.00 

CI(13 10.5 19.50 
CtO( 10.0 20.00 
CI05 &.0 15.00 

"'.00 

8.00 3.1U 
.,. ass 
2.50 8.88 ....... 
2.85 8.85 

~ . .1 

-
.29 ., 

I
· .... 
.4-1. .. 
... .. 
.81 .48 

11.00 a..5O 031 

lroa, 2'3 

"'", " il'Oll, 23 

rr. .. ~ 2a 

",", " 
"'", " 



CARNlmlF. PHIPPS &; 00., LWI'r:mn. 

MINIMUM AND MAXIMUM WEIGHTS AND 

DIMENSIONS OF CARNEGIE CHANNELS. 

IRON CHANNELS_ 

CSO 15.0 40.00 60.00 4.00 4AD .50 .90 
(51 15.0 '1).00 60.00 3.53 8.93 .53 .93 
e52 13.0 30.50 82.50 2.96 3.01 .46 .51 
(53 12.0 23.00 50.00 3.00 3.68 .31 .99 

IO(;M 12.0 21.33 30.00 265 
C55 12 I) 20.00 20.00 3.01 
C56 ' 10.0 17.50 SO.OO 248 
(57 10.0 16.00 16.00 2.51 

as 9.0 14.50 14.50 2.52 
a9 9.0 16.00 85.00 2.43 
COO 8.0 16.00 20.00 2.41 
C61 8.0 14.00 28.00 2.25 
C62 8.0 10.00 13.50 2.01 

'(63 
'C" 
'C", 
C66 
C61 
C66 

C69 
C/O 
Cl1 

'en 

7.0 14.00 21l.00 2.35 
7.0 8.50 14.00 1.89 
6.0 10.00 16.00 2.~ 

6.0 7.50 9.l)j) 1.76 
5.0 11.00 l4jll) I.\}.I 

5.0 6.00 8.50 1.65 

".0 7.00 9.00 1.74 
4.0 5.00 6.00 1.49 
8.5 8.13 813 1.75 
3.0 5.00 6.00 1.55 

2.87 .32 .54 
3.01 .32 .32 
3.01 .29 .82 
2.51 1.32 .82 

2.52 .82 .32 
3.05 . .30 .93 
2.56 ' .41 .56 
2.78 .31 ,S( 

2.14 .21 .34 

2.61 .31 .57 
2.13 .\9 .43 
2.3.( .22 .52 
1.86 .2<1 .30 
2.24 .26 .56 
1.80 1 .15 .80 

1.89 .24 .39 
1.57 .17 .25 
1.75 .H .44 
1.65 .23 .38 

."" .Ir2O 

.023 

.02.\ 

.02.\ 

.02.\ 

.030 

."" 

."" .003 

.'" .'" .038 

.'43 

.'43 

.060 

.060 

.060 

.060 

.075 
.075 
.086 
.100 

NOTF..-Cbannel~ mark&d Ihtl! *, C3JI alllO be rolled of mel. 
!boV8 wrights art or iron; fo r steel add 2 %. 

" 19 
19 
19 

" " " " 21 

'I 
21 

'I 
21 

" 22 
22 
22 

" " 
22 
22 

" 22 



r-
0 . ,. C'J. LTMI'!'I':D. 

MINIMUM AND MAXIMUM WEIGHTS AND 
DIMENSIONS OF OARNEGIE 

Z -BARS. 
--

nick· ,"'- "IIG". ';r """ - -- • ,I 
1,1.&1. -. w •. ....... .... 11001. ....-- -- -- ~ 

Z! " '1> 6 3,'~ 15.3 15.6 25 
" ~ !~ :~ 

.,. 1&0 ,., .. 
" . " 20.6 t l.O .. 
" \l '1> , 3!{ "-. "-1 25 
" :~ :~ .... ... , .... .. .. 

H 
. ~ ,,. 

"0 .. 
" ." 6 .y, "'. .... 25 .. 

.~ 'h 'h 11.3 "-0 .. • Ji 'It 6)" ", .U ".6 .. 
" ,. .~ 5 .~ "' 11.6 " .. It :~ 'h :~ '" '" .. .. 

Ji ", ,., ... .. 
" .~ , . ~ "5 "' " .. a lq 'h !J~ 19.8 20.' .. .. 

'" 22.1 22.6 .. 
" .~ • '" ... , ." " .. ,I !q 5,1, lq 25.5 ,., , .. .. II ", " .. "" .. 
Z1 !i .". • ,,., 30 I .. " .. I, ", .,., all 10.1 , .. .. .. 

" ',\ 4',,, 'h 12.2 '" " * :~ • 'h , .. , .. ri 
• 'h 8'1 11i.1i 11i.8 .. .. 

R 
.t. N ',\ 17.6 17.9 .. 

" :~ • 'h 1&' 1&, .. .. 'h 8'i 20.' 20.' U .. .. 't. 4!1 3,\ .... ..., .. 
'10 II :u , :u 6.6 ., 26 .. q 31. •. , .. .. 
'" :u , :U , .• ' .1 26 
" J1 'h 11.2 11.4 .. ". i~ 8 iU 12.8 '" 26 

/. '1. .. , 1402 .. - -
... 



CARNEGIE, PHIPPS & CO., LIMITED. 

WEIGHTS AND DIMENSIONS OF CARNEGIE 

SPECIAL Z-BARS. 

-
ThIok- SIZE. W8IGRT. ". "lion U" , .. 

lndu. .r 

! I I 
.r ... ,. Flang •• Web. Flonge. IrGn. Stetl. s.ction. 

- - -- e-
Z13 

a 
, 6 , I 14.5 '" Z14 '" 5 , 12.4 'Z/ 

ZI5 ' !< 4 , 11.1 'Z/ 
Zl6 

' " 3 
3 10.0 " Zl7 

~ 2J{ ) 3 
, .. 27 

Z18 l/.h IMi\- 1" 1." I., '" Z19 .. th·J( 4.5 " - -

CARNEGIE RAILS. 
-

'H.I~~!. PKf' WE:GHT. ';r fIod,i.m ••• So«.n 11< ... -1.1Ie .. I , .r Ind, .. , 
1m. s ... l. -. ..... S:..>!. Soct.:01 

-~- ~-----

R 1 'll02l1 .'" 52 RI2 aM.6 19.9 " R' 2h-.2I'or '16 52 IUa I 3\ .• 6}i 16.0 52 ., Ill" . . '-1112 52 R20 3j:{.2}1 15.3 52 
R4 1%x1J« .. W 52 R21 4l-JdK 23.6 52 

" RIO 5 '~ .6 .. 15.0 52 R22 2::1:r' )( 4.' '.7 52 
lUi 6 ,6 .. 1&0 52 

r - --
-IIWcight per YMd . 

C- 66 



CA&N1!lGI!i. PPIPPB & CO., LIMIT&D. 

MINIMUM AND MAXIMUM WEIGHTS AND 
DIMENSIONS OF OARNEGIE 

ANGLES. 
LEGS . 

... 
A 

D 
, 

" A , 
" 'A , 
" A U 

, 
" A , 
" A tI 

, 
" A , 
" 'A 7. , " 

A , 
" , 
" , 
" , 
" , 
" , 
" , 
" , 
" , .. 



1\ 

-
ill ..... ..... 
J I 

'A1' 

~ A74 
·,\75 
·A76 

~ lOAn 
·A?8 " 'AN I. 

1.\I'I"':;-,. :'i!rPl'''; -co. ':\:,:,';0 

ANGLES-EQUAL LEOS.-(.lontlnued. 
, 

'I'll'". 'l;: .. • 
fE:~ I.~ I . .-'" ,-~~ I'!':Jl , 
0.8' 0.8 , 30 I", 01:.( 1.(; : 1.0 30 ·.\80 1< , .. 

1 "''',Ii '.0 " .. "A81 
~ /<./< 

l.J.iol.J.i 1.7 1.7 " 'AS' U·/< 
1",01", 1.3 1.3 30 ' A83 '~ fitJ( 
l}1.I,'" 0.9 0.9 30 'A" l !I'M , .. 1., 1.5,30 ·A86,,,, 1'." , ., 1.' 12 30 

SPECIAL ANGLES. 

Ao&5O 10 A459 baWD &I uOOVER ANGLBS." 
A461 10 A469 bOWD U "OBTUSE ANGLIS." 
M70 &lid A471 kDowD &I " SAPI ANGLES." 
M?8 eowa IS "LOOOIIOTIVI AMGLI. ft 

A475 to A471 Go'/Vll '" .. HALl T1&S.~ 

1.0 1.' 30 
0.7 0.7 " 0.8 0.8 30 
0.' 0.' 30 
0.' 0.5 " 



OARNIC(J1E, PtnPP8 '" 00 •. LIMITED. 

MIN I M U M AND MAXIMUM WEIGHTS A ND 
DIMENS IONS OF OARN E G IE 

ANGLES. 

UNEQUAL LEGS. 

Ii 
tI 
;'I 

U 
f· 

* J} 
j1 
P-
~ 
t' 
!l 
Ii 
!, 
~ 

J1 

... YilGH1. .:i Ii 

I",., • S\eol. l:! 
•• 14.2 t4.S 82 

•• 12.5 12.8 

•• 10.8 11.0 32 , 
,3X 22.3 '" .aYm fO.9 21.3 

.all"" 19.8 " .3 17.9 1&3 " .ax 16.4 1<8 

.3-:} 14.9 15.2 

.3 13A 13.6 83 

.3',7. 11.8 12.0 I •• 
• aX 10.2 IB.4 33 
.3 19.5 19.9 
.3 1&2 1&5 
.3 1<8 17.1 83 
.3 15.4 15.7 ., 14.0 14.2 , •. 
.3 12> 12.8 ' sa 
.3 11.1 11.3 
• 3 , .• 9.8 1 33 

1&1 1&5 

I" 11> 
15.6 15.9 " 14.3 IU 
13.0 13.3 
11.7 11.9 33 
10.3 10.5 .. '.1 33 

.aX' 18.1 18.5 
,3U 16.9 17.2 
,3X 15.6 15.9 33 .au 14.3 14.6 .au 18.0 13.8 
,37; 11.7 !l.9 33 

Angles m:.rked thU3 .. have finishing paloSCs. 

"" 



'\,~N}'HJ:, P!ll~'!'."&CO, LIMI'H:r:. 

MINIMUM AND MAXIMUM WEIGHTS AND 
DIMENSIONS OF CARNEGIE 

ANGLES. 

UNEQUAL LEGS.-Conttnulld . 

• • • 'l"IlGIT. • 
- I, 'Don. - kI ,"'n Il -, 

s.: •. ... - i.I IHn ~. I""'L i 
" 

11'OD. Steol. 
""- "'" • ,- !--- -- -

A218,* ' .3*1 10.3 10.5 A249 .a 3.1(.2 " '-' · . 
*A219 , x3 8.9 '.1 33 A250 ~ 3.'4 x2 So2 o.a · . 

A22ll H " " 16.7 17.tj .. 
*A251 3.1«2 4.2 U " A221 .l( 4 " 15.7 16.0 .. A252 -h 3 "" '.3 ,., · . 

'"'''' U • ,3 14.5 14.g 133 A253 J{ 3 x2.J{ 8.4 " A223 4 " 13.3 13.6 .. ' ''2M j'f 3 "U·7 .• 7.' " 1\224 -('; " " 12.1 12.3, .. A255 3 x2' 6.4 ••• - -
*A225, J: " .. 10.9 11.1 , 34 A2M ~ " "Yo 5.' ,., 

- -
A""j'f • " '.6 '_8 · - *A257 1 3 .. " ... '-' 35 
Am: 4 '" 8.3 8.5 A258 Y. 3 .. 7.5 7.7 

*A228 I. 4 " 7.' 7.1 " 
- . 

*,\259' jla .. 6.1 6.8 " A229 j} ,,, .. 15.4 I" · . A260 3 " 5.8 5.9 - . 
A230 3!-4x3 1404 14.1 · . A261 ~ 3 " 4.9 5.0 · . 

*A231 U ,,,,, 1>, 13.6 " 
*.\262 I 3 " 4.0 4.1 35 

A232 3~.3 12.3 12.5 · . *A263 "'I 3 ., 3.5 3.6 " 1\233 ~ 3Y,>3 11.2 11.4 · . A264 }4 !Ux2 6.7 6.8 
*"'2M 3X.3 10.0 10.2 '" 

' ' 
A265 T' 2%x2 6.0 6.1 

,\235 * 3Xx3 
.. ',I *A266 U ty'x2 

" 
" 5.2 5.3 " 1\236 3Xxa 7.7 7.8 " *,\26'7 f12y'x2 u 4.5 " *.-'..237 -h 13u.a 6.5 6.6 " *A268' 2!1x2 3.6 3.7 , 35 

A288 3Ux2.!4" 12.2 12.4 " 
*A269 Ii ~Yt.2 2.7 2.8 s:; 

A~ U 'Yo"" "' II,' 
A2'70 ~ 2!(dU 5.4 " - -A -(<< 3~.2~ 10.2'10.4 " ,\2'71 (2)« xlM 4.9 ,,' - -A241 ~ 3' x2 9.2 9.4 " *A272 ~ 2)4'd!4 4.2 4,' " A24 3~.2~ *8.1 8.3 " *A273 ~ 2).(dg 3.6 ',7 " A24 Ji au.2~ 1.1 *7.2 " *A 2'74 r)'(x1M: 2.9 3.0 35 

A240I ~ aX-2x 5.9 6.1 " *,\215 If 2,!(dX 2.3 "I" *.4.2.45' 3~.2>: 4.8 U " *A2'76 J4 2 xl" ! .• 
&8 "" A246 I, 3).(.2 ,-, 

" *A277 h 2 d% .. ,-' " A247 J.J 3,1(.2 I 7,' .. A278>1 11%'1 1.6 1.6 . . 
*,\248 -h 3,!.(.2 7,' 7.' " *A279 I", xl 1.0 1.0 I 36 

Angles m.r~e(1 thus *, have finishing passes. 

'0 



CARNP'..GlE, PHIPPS &: CO., LIMITl:D. 

M I N IMUM AND MAXIMUM WEIGHTS AND 
DIMENSIONS OF CARNEGIE 

ANGLES. 
SQUARE FlOOT. 

-,.-0-,----,=.-
I • ...... ,; 1'''1 '.,on. ~ "".. ., ... ';. i "".. .' .. !oUL ~.. 1m. ' SIOOI. ~ !do.. j\!; . Im.!I:toeI. '8 

-:;; '-j(+'-"- 18.; 1~ ASSi if ill{ x2~ 5.9 6.~~ 
A35\ H ".4 16.8 17.1 A385 .» 2X' x2'{ 6,2 5.3 . . 

*A352 " ".4 1M 15.7 36 A386 If !!4 x2~ 4.-4 4.5 ., 
AS5S tf "'4 14.0 14.3 *A387}( 2l{ x2v. 3.5 3.6 36 
*A~ i:.4 12.5 :i'~ 36 A388 ~ 2 x2 5.2 5.3 .• 

A if .4 ll.l 9' A389 ~ 2 .2 U 4.7 .. 
* A3M ;» ".4 9.5 .7 36 A390 -h 2 .2 3.8 3.9 .. 
• AM7 ~ SS.S ~ 15.7 16.0 36 *A391 )4 2.2 3.1 8.2 37 

A358 H 33~·33i 14.5 14.8 . • A392 n l}txl:\( 4.4 4.5 .. 
A359)i ~. ~ 13.313.6 .. A393;Ji IK.t\)( 3.9 4.0 .. 
A380 1"f 33~·3r; 12.1 12.8 .. A394 f~ I.¥l\~ 8.3 3.4 .. 

*A361 ~ ~ .. 3Ji 10.811.0 36 *A395 )4 l}(dJ{ 2.7 2.8 37 

.~~~ R ~~::~ ~: ~~ 86 "396 ~ tJid~ 3.3 3.4 .. 
A397 h lJixlj.i l!.8 2.9 .. 

A364 ~ 3 .3 IU 11.4 .. *A398 :( IJ101!4 2.3 2.4 37 
1\3M if 3 ,3 \1),2 \1).4 •. *A39i1 I, lJ.ixl).{ 1.8 1.9 37 
A366 v, ,., 92 ,. 
A367 "Z 3, ~3 il 8:3 .. A400 of; I~.t){ 2.3 2.4 
A358 ~ .. 3 7.1 7.2 :: :A,441l2(H ¥ IIY. xll~ 1.9 2.1 ,' ,," 

*A369 t« 3 ,3 5.9 6.0 36 I H '1x Yo 1.4 . 
*A370 ;4 3 ,3 4.8 4.9 36 *M03 ~ lV.d~ 1.0 1.0 37 

A371 u 2" 2" 84"' *M(H.v. t* ,U .. 1.8 37 
A372 & ~:z~ i4 7.6 :: "MOO;i 1}i'U" 0.9 37 
A373 '" ~x2K 6.4 6.6 .. *Moo Y. l,l-3xt'" 1.7 17 37 

*A374 1,2sv. ,2}( 5.4 5.5 36 *MOl /, l"'xI~5 1.3 1.3 37 
A375 .J.i 21.S-.2.J.i 7.5 7.7 "A41)8 ~ 1,l-3x171 0.9 0.9 37 
A376 -ir 2.J.i x2.J.i 6.7 6.8 "M09 Y. 1 xl 1.5 1.5 87 
Am " 2).{ .. 2J.1, 5.8 5.9 *A410 1« 1 xl 1.1 1.1 37 
A378 -h 2).ix2J1 4.9 5.0 *MI1 ~ 1 .1 0.8 10.837 

*A379 >( 2}ix2).i 4.0 4.1 36 A412 f~ U. Ul .0 1.0 " 
A380 " 2X ,2>( 5.5 5.6 *MIS ~ U· u 0.7

1

0.7 37 
A381 f~ 2}i,2>( 4.6 4.7 .' +MU ff ~. y. 0.8 0.8 37 

"A382 )4 2X,2j.( 3.8 3.9 36 ";\415 ~ W. ~ 0.6 0.6 37 
"A~383""~",-"2~'<~"~)(,,,-~'~7-,-,'~8'L" ' \416 11 ~. ~ 0.3 0.3...!!.. 

Anglt$ marked thus *, htl\'e finishing passe!l. 
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, .'. ' IE<c ;.,.", , ~ ., c· " :} o. 

WEIGHTS AND D IMENSIONS OF OARNEGIE 
TEES. 

EQUAL LEGS. 

--
_I lUI II llCIa. meullSS or nuL. YIIGI'! . .... 

- •• 'Mo,. rlolllf.T I'" " ... ...... .... 'm . $..'<1. ••• 

-
T I , , • Xtolf Mlo/, 134 \3.1 " T2 • • ~Ion ~to!, 107 I" " 
TO ." -, "/' . , ."f 10 /, h 1° 1 11 .6 11.7 " T4 IX 3'/ "' Ji 10 1', Ji 10 1', '.0 ,., 

" TO 3H '" Uto :l U to !1 .. '8 " 
T' • • '. to j' ){ 10 t', '.8 10.1) " Tl • 8 i,IO~ i,IOX ., '.1 " T8 • • ~toil ~Ioir 1.' 1.8 " T' • 8 l'~ to he 1~lo~ 6.5 6.5 " 
1'10 2X' 2,'{ ji 10 I', :Hi 10 1', '.3 , .• " TIl '" 271 I" \0 Ji 1\10 Ji .. 5.6 " 1'12 '" ':< l, \0 ~ 1', to 7S '.8 ... " Tt3 ':< '" ,' ... 10/, ,", . , " u " 
TI' , , Ie to Ji 1',10 Ji .. ... " '1'15 , , }( to l, ~Ioh " 8.1 " TI' \1 .. 1)( 'i

lO
" 

J.( ton '.0 11 " 
TIl 1)1 1)< 

\ }.( \0 ,'1 )( \0 1", ,., 26 " '1'18 Iy' I" y', 10 i~ ,\ 10 ll1 1.8 1.84 " TI' I' • 1:< :.i \0/1 '4 \0 ,'1 '.0 '.M 40 

. '" I' • I • I, to ,'1 /, 10 ,'1 I' 1.53 " 
'Ill I I I/~ to {I 1\ to ,7, I.' 1.23 " TI!2 I I I I ;tlol. j }itoh .so 081

1 
.. 



CARNEOIJ,; . P HIPPS &: CO., LIMITED. 

WEIGHTS AND DIMENSIONS OF OARNEGIE 
T EES. 

UNE QUAL LEGS. 

--
SIn. II !~I;III:I. I mcum 0' IlTlL 1I'D~I!T, ':l' .... 

"'n. I I ...... I 
., .... ... ... . SocliH. Plur. 81<& 

------ --- -- -
TOO 

I 
5 3 I :~ 10 l. Bto~ ,,, .. " T5\ 5 2'~ t' to if i, \0 i} 10.8 .. " T52 

I .' , 3'. I'! to /, H to Yi 15.5 15.8 " 153 ." 3 ,'4 to t' l, to Ji .. &5 " TO. ." 3 ~ to 1', t' to T'. .. 10.0 " 
T55 .' . 2:4 I 1", to .Ji l!f to ~ .. &G " , 
156 . " 2X fi to 1), % toi, .. 9.3 " T51 • 5 ,{ 10 h ,'4 t-J 19~ ! 15.3 1:":.6 " T58 • 5 % to 1\- '" to -h 11.8 '>0 ., 
T59 • 4'1 :4 to 1\ ,,; to I~ 14,3 14.6 ., 
TOO • 4!~ " to I', ~,;: 10 il 11,2 11.4 ., 
1'61 • 3 ~~ to 1'. ~tol. 9.' '.3 ., 
T62 4 ." , % to i, ~ to i~ 8.' 8.6 

, ., 
163 • 2!{ r', 10 ~~ 1~; 10 % 7.2 7.3 .. 
TM • • " to I', " to I', 7.7 7.9 .. 
165 4 2 ,3. to N T', to N I 6.5 .. .. 
T66 .' . • ,'/' to I, J{ to Ii 12.5 12.8 " , 
167 3)~ • }" 10 I, " to -I! 9.7 9.9 43 
T66 3'~ 3 1) to Y. II I\; 11.i3 43 
T69 ''; 3 .'; to /, '~\o "i 10.7 10.9 " 
170 3.' • 3 .H 10 1), % Io i! 8.3 &5 43 
171 3}~ 3 r'.; to .Ji ~ 7.6 7.8 " 172 3 4 J{ 10 T'~ ;{ to 1", 11.6 11.8 43 
173 • 4 1'. 10 Y. ,.~ to H 10.4 10.6 " 

1'63 ('an be rolled 10 5.7 ill. iron and 5.8 in. steel. 

7 3 



CAH:-':E<;IE. PI!J['PS 4; CO .. LIMITED. 

WEIGHTS AND DIMENSIONS OF OARNEGIE 

TEES. 

UNEQUAL LEOS.--ConUnued. 

SUI, lJ IIClits mClJl:SS 0' I ITU. 't'!:GB!. 

""'- , -----------I ..... 1-

.... •• •• 

1"74 

11' 
116 
T77 

T78 

"7' 
no 
TSI 

"'82 
T83 

T8< 
T85 

"86 
"87 
T88 

T88 

no 
TSI 

T1I2 

T1I2 
T1I4 
.", 

"ur. SIoI. lral . Steel. ""-, 
3 , , 
, , 
2)( 
2", 

, 

, 
3 

2U 
21.( 

I ', 
IH 
1)( 

1)( 

'" lO ti 
J{ 10 I, 
y', 10 }4 

" 10 if 

% 10 1. 
)4 to /, 

1', 10 H 
~ IOi, 

-!i 10 ';, " lOt, 
y", IO " 'i, lo% 

-I, lo H U 

/, 10 II }( 

%" 10 T'( X 10 1'.1 

-IJ !O % ii to~ 

.,~ to 1'. % 10 1', 

1"' 10'~ 1J t07.< 

l'i to 1', 

~ to 1'., 
" to T'! 

I. 10 l'! 

l 10lJ 

,; to·h 1 
y. to 1', 
/, 10 J': 

,.\ 
107 •. , ., 

9.3 43 

10.9 43 

9.8 43 

~. 5 43 

7.0 7.2 
6.0 6.1 

7.2 7.4 
6.5 6.6 

7.0 7.2 

6.0 6.1 

66 6.7 

5.7 5.8 

2.8 2.9 

•
",0 I B.I 

3.6 

1.9 1.9-1 

.. .. .. .. .. 
« .. .. .. 
" " " 

I.!( 1'-.r to~~ l'.~ to~ 2.9 B.O « 
I J.( .'( to 1'~ }( to 1'~ 2.2 

\'i /, 10 1'1 -/, 10 T' r 1.7 

l'r. to l'r h 1 1.3 
1', I. 1.3 

I! i I ,'i ln / lr ,-, ln l"J . 

2.24 44 

1." 1 " 
1.33 44 

1.:::3 « 
1.12 ) ,(4 



l·.\.,N~·';lS, Pilll'PH & 00. , Ll).l!n:D. 

WEIGHTS AND DIMENSIONS OF OARNEGIE 
SPEOIAL TEES. 

""'. ';r 'l"IIGn . ';r - •• .... - .. ..... • ..... -.... • ...c ~t • . .... ... 1-'-
-- I- I- f--
TIOO 6 ~2 lr 000 '.08 .. TI69 2"." '07 · . " TIM , xlH 600 6.12 .. TI60 , ." 1.78 · . " Tt!i2 • >I ii 6.-40 '" .. TISI I "~" 1.35 · . .. 
Tl53 a"xlJ( ... 1 • .19 " Tl62 I ".~ 1.33 · . " TIM 45i.! h .. 7.00 " TI63 I'.:-It 1.00 · . " TI55 2~.t~ '00 ." .. TIM ' :."11 200 , .. " TIM • ".~ . . 10.60 .. TI" 1,1(-" 1.00 1.33 " TIS7 ! .!(.!J( .00 5.10 .. TI" t,,-ti I.'" · . " Tt5S I 2 .~ • • " ... . . " TI67 ",·n . . 0 .. " 

TURNBUCKLES. 

--
~~ 

- ~-

OII' liid. h • • 
'l"tlf!:tf 

'l"oi(l ltf .... 
""'- .. - -.'::I::.'f.. '" •• 1.",. 5.: ..... - ... .-- " ...... .. - .-- III". 1&1 ... ....... ..... 
noo '( .y. .. 8 • 57 

"'I ii .'( " I II ' :.' " ""' I 9 '" • I " TM3 IJl 9:.' " 4Ys .y, " ,.... 1'.( i.V. " 5Y, 6 " "" I ~ ' J( 
., 8 7 " T'''' IX" 10 ., lOy' By' " T5(J1 I ii 

I 
10:.' " I' 

, 
" T" IJ( lOX" " 14 I. " TOO9 Iii 10J( " 17 17 " T5IO , II " " " " , 

NoTlt:-By lotalleogt,b is meant lengtb eod 10 end of . ulls 
wben Ihey h . ... e gripped the ful11eOilh of turnbuckle oul. 



CARNEOIE, PHIPPS &; CO., LIMITltD. 

WEIGHTS AND DIMENSIONS OF CARNEGIE 
STARS. 

-
"'IIGHT. ~IH1 .. I'""'· I! ; H Ii •. 

'* I~" I.d .sJ 
.- l-

SI • •• I" '" ~ ,11.8 1M I:: I ~ ~:~~" " 
., 

52 o ¥. 9.6 9.8 17.::~~: :: ., 53 ., /I. '" I' 7.' 7.' I:: lSI " 47 

54 "n:1O.11O .• l~:::~ ~: 47 

" 01 5.'15.7 I:; I:; 
~ I " 1)( '" I. '.0 4.1 lSi: I • jj h . 10.1 

.P, \'"} " I" I" L-

SASH BARS. 

"'!IG!!. '1;:. 

'l-~ 
:j 

""- r-.:'I 
\':l!~.. ~ ldn iii •. kJ Ito. SIOO!. il Iroa. Sloe!. 

"" 2~~U 2.25 2.30 ~8 SSG lJix-" 1.75 1.79 .. 
"I IH~U 1.75 I." .. SiJ7 lt1x~ I t.40 t.43 " '" Ill·/i 1.25 1.28 " S58 1,!(~%: .. I.," " S53 Ih'U I." 1.23 " SO, i}i.%: 1.00 " SS4 I""·a 1.70 1.74. " SOl I .)( 1.00 " S55 11('lf 1.30 1.33 " SSI /1.)( 0.70 " . 

SCREEN BARS. 

51001 ' .j( '" '" .. SI,. I,!( xif 1.16 1.18 " SIOI I~"'J{ 1.46 1.49 " ,. 



CARNEUlE. PHIPPS & 00 .. L IM ITED. 

WEIGHTS AND DIMENSIONS OF CARNEGIE 
GROOVES. 

YJlGn. ':r ""- lillon. i Pact .... 'a ••• ..... b. • IDdtL " ,~ ... b1i ... "'" Sloll. SteIioa. 

G I 'j{ "" 6.\2 " G1?7 I ,87 0.9\ 50 

G2 2j{ · . '10 " G28 Ii .61 0.62 50 
G, 'Yo 6.50 6.61 " G29 Ii .80 0.82 50 

G. '>' ". .71 " GOO II . . 0.00 I SO 
G5 2:( ." '.S< " G8I Ii 0.87 0.68 50 

G6 2d it · . >4, " G32 j{ 070 0.71 50 

G7 2 '.00 3.00 " G32 j{ .80 0.6\ 50 
G8 2 ". <71 " GS< j{ ::1:::1 50 
G' lj{ 1.10 1.\2 " G35 j{ 51 
GIO 1)/ · . 1.90 " G36 )/ .. O.SS 51 

Gil I>' · . 8.70 " G37 ii 0.59 0.80 51 
GI2 I>' .00 2.04 50 G38 )/ 0.42 0048 51 
GI3 I>' 1.68 1.69 50 G" >' 0.39 0040 51 
G14 IYo 1.32 1.36 I 50 G40 " ". 0.25 51 
G!5 Ii. · . 2.00 50 G41 2~ 8.10 >I, 51 

Gt6 I .... · . 1.33 50 G42 2 '"0 .35 51 
G17 1:( 1.45 1.53 50 G43 Iii 0.90 0.92 51 
GI8 1:( 1.50 1.53 50 G44 Ii. 0.75 0.17 51 
GI9 1:( I" 1.28 50 G45 j{ O.SO 0.5\ 51 
G20 1:( 0.84 0.86 60 G46 Ii. 0.80 51 

G21 I>' 1.00 1.02 60 G47 II 0.80 51 

G22 I" · . 0.29 50 G" Ii O.SO 51 
G22 I 0.75 0.17 50 G49 II 0.43 51 
G24 I 0.95 0.97 50 GSO )/ 0.33 51 
G25 I 0.88 0.90 50 G5I i. 0.32 51 
GO; I 0.75 0.17 I 50 G62 >' .23 51 
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I 
CAR NlII(}IB:, PHIPPS 41: 00., LtMITED. 

, 

WEIGHTS AND DIMENSIONS OF CARNEGIE 

MISOELLANEOUS SHAPES. 

--
"liGHT. ':r ""- ~~OIIor ~01;_ 

ldoL ... ...... • ,~ .. ,. SooIlO,. 

-----
.,1 Door Sill Pille., 4Y,. !! 

~ 
3.00 53 

M2 .. 'Y,o U, 53 ., , read PIAt&, 15i: ~ If 13.00 53 

MIO _'~,P1 .... 9y'x3}( Y, 16.00 53 
Mit 9Yt.3J( 

* 
17.67 · . 

M12 ., 9X·3}( 19.33 · . 
M13 .. 9y'.3}( U 21.00 
M14 ,. 9X·8J( 22.10 · . 
MOO Corrupted Plate, 8)fd,J{ !< '90 53 
Mal " 8J(dY, a 9.90 · . 
"32 " '!("~ 11.80 · . 
MS3 ,. 

1 .... " 
17.40 17.75 53 

"" 
., 12t\.2J( J'I "'.30 20.71 " 

"3.1 
, IZ/,x!J( 23.20 28.67 -- · . 

M" Checkered Plate, 84" wide. !< ILOOperlll·n. " M51 " "" " g \3 .50 " · . 
M52 ., "" .. 16.00 " · . 
M53 ) , 

"" .. 
J'I 18" .. · . 

"54 
, 

"" " 21.00 " · . 

SEGMENTS FOR KEYSTONE OOTAGON 
COLUMNS. 

""- 1lW ... buu lIi.oi ..... bli.1UIl !i ... r .~~ .. """ niot_ T'oi.k-. 'l'oii;k~ 't'oipl O<d. 

M100 !l " 11.90 "." 10" " MIOI !( '"' 21.60 
,,, 

" MI02 h ~ 
4.OJ 13.80 0" " MI03 h '.30 7.70 4" " 

7. 



OARNl!lGIF:. PHrPPS '" co .. LtMITW. 

WEIGHTS AND DIMENSIONS OF OARNEGIE 
MISOELLANEOUS SHAPES. -_.-
'"'1::;.-" J YIlGIT • T .... ... "",. ""- ..... " ...... 

:'>1200 1)(. H 2." 2.00 56 
~1201 2/t • ~ '.20 5.31 56 
M202 2 "ii 7.30 1.45 56 

moo Slllg Stee~ l,1{d 8.10 56 

,,"" 1~. " '.50 56 
:'>1206 2~d" '<70 56 

)1206 Grale Bar, t~d" '.75 ,.., 56 
M201 ()foWII Shapt, tl'lI 0 ... 56 
ll208 Spok6Si6e1, IiI' -I, 1.20 56 
M209 " , , ~ 1.50 56 

M210 
Olip ""\ 1 4--hd" 7.00 56 

M211 Agriea..ltural. &eel 3*2:1( 3.10 56 
M212 tI'lI 0.50 " M213 Saw Mill Track, , 

"'" 10.5<1 " :'>1214 " 5 " .. .. 00 " 
PLOW BEAMS. 

.... .~ l .. i ... .1 ..... ..~- J'tJ!. "",. ••• b . "")\ .. .. ~~ 
MI5<I 2.J{d J( 2.1(.t~ 1.10 '.20 " MI51 2~.t}i 2}4"x1.J{ 6.10 '.00 " MI52 2}(.1 J( 2:J(.t~ , .. 12.40 " M'58 • dr, 3 "II '.70 12.30 " 
M'M 2Ytd.!( 2'y'd~ 7.20 ,OJ " MIM 2y'd h 2'y'''H- '00 11.20 " 101166 !~d~ '''''II ,OJ 11.50 55 



• 

CARNSUIE, PlilPPS & CO .. LIKlTBO. 

METHOD OF INOREASlNG SEOTIONAL 
AREAS. 

)'1 •• 3. 

~ A 
),1 ... .. 

80 
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C .. \RNOOIK PlllPP!'I & 00., LIMJ'fI!:D. 

NOTES ON STANDARD OONNEOTION AN-
GLES FOR OARNEGIE J: BEAMS. 

The standard connection a"(l:II"I, ~ 'r all ,il~ and weighl$ of 
\led and iron 1: beams manufa.;wred by Camegie, Phipp.« Co, 
l.im;ted, aTe illll;trnted on Olr"';!/! page. 'I heo;e connections 
were designed on the b",,;s 0 lin .llo, ... ble she:..ring $lmin of 
10,000 II)!! per square inch, and • beruing strain of 20,000 Ih 
per 5(1"lre inch on rivets or holt$, ~ponding wi h extreme 
fiber llrains in the J: beams of 16,000 and IZ,OOO Ibs'l"llt.r !'lI"are 
inch, for ~ed and iron rcspecl;"eiy. 'Jhe number 0 rivets or 
bolts required WM found to be dependent, in IDO<.t iru,tances, on 
their bearing vailla. 

'fllCl coonections have been propoI1iOlled wilh. view \0 coyer-
jng moM ca;es, occurring in ordinary jlrUliCe, wi 11 the mual 
relatiolls of depth of beam to Jenb'lh 0 'p.n. In extreme in-
~ancc., however, where beams of short relative !I]XIll lell\,,'ths are 
1oad~lto their full capAcity, it may be fo.mel ne<;e;:;ary to make 
pnl\'i~i<>f\ for addiliooal atrength in the OOIlne<;tions The limit-
mg ~p'm lengths, at and above whkh the lI.ndard oonne<;tion 
IIngle~ may be u;.e(l with perfe.::t $afety, a~ gl-'ell in the follow_ 
ing table: 

Tableo( )liDimllm Spau, II.~. I Ileus, lI. "hieb SlaDdani 00DL'ttti0ll 
AngllltlUY be SWly Used, witb. Bet.ms u.a.ded 10 Uteir Pall capacity. 

--- -
Steel I Beams. iroD I Beams. 

(' ~i 2" ~i .....,. 
~ ....- • DIIi~. !. • I' =!! • li .... :. .. ... ~.i ... ... . !i • • 

!'~-9J. I .... 'eO.S ~-'Zl. Ills.. 9.5 15~-80. IhI.' 10.0 "-28.5 III!. 8.0 
Hi~-80. " 17.0 " '1. " &0 , "'- " 13.0 " .... " &0 
" ... " 16.0 ~-22 . " &0 " 50. " 1&0 "-3t " 7.0 

lu"-80. " 12.5 u 1& " 7.0 12"-56..5 " 9.0 .. .,. " 7.0 .. W. " II> "-'eO. " 6.0 " ... " 00 " 21.1.i " .. • 50. " 11.0 " 1S-5 " b.b 10)" '<I. .. D.O ' -2!. " 5.' ., .1. .. 10.5 1>--1. " .. " 31.5 " 10.0 " 10 " ., 
12~-'0. " .. " IS. " .. 10"-42- " 10.5 "-16. " b.' . ' .. " 7.5 "-IS. • ••• " .. " 10.5 u 13.5 .. .. 
10~-33. " 105 " I . .. ••• " W. ,. ID> ~-I2. " .. .. ,., .. D.' 1"-10. . . 8.0 9"-38.5 " 

.,,, 
I'. " ••• --- --

See illustrations of !'tnnd.rd Connection Angles for Cnrnegie 
1: lkllmf on of'PO"itt pnge. 

s. 



---
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, OARNEGIE, PHIPPS & 00., LIMITED. 

STANDA RD CONNECTION A NGLES 

FOR , BEAMS. 

I s. .. ~ -, 
A~<'X""L -I'~·\(. S, ... ], o?xll1i's<",'l-l"'~ r'>S lbo. ,..,n .. 

"t,l for 3"1 ~s··· m .. 
. • I I' "I'" I ,~l .- -,--,--'_e_ -!- lfO""'.l{~ ~ ~Oq"l 70S" ; . .. 

" 
.. 'l I i ~ I ,... ~ ,o.c~ 

lW"O<L;'.,~.:-·;.-....... -+w', ,,::;.-"" .... ,..,W,;.,;, 

.,""-,-.... ;,. r:'~''''.''''''-'' .. /'''. . j"'" ,-
I I ~'" ftlbw ,.," 101bs, 

'2 " 7 ' - t· t t for,.o' 1 ~ "'r + fort I '3" 
'l·5 " .l. ± ...."r for 6"1 'S" 
16.0 " ~,t-4'" a'4-'~d" ;t~, I-t' )( .6" 

.~ f'~~':"~ ·~'-·"··fO'\"';" 'F. lor 15"1 60 " '1 ... .. for 1"1 .." 
<!-- -t - ii' :: 
~\ "",. , 

~~.~l/+; .. 

tXt.i<Jr:L- O~4 4l' Ic", 

jX,K"'L-O·.'0"1~. 1I'0Il' Steel: 

~~ f "11 '5,5 lbo. 

,~ t 11''' ''"'l;'~ t .. or 1 .... 0 " 

"~"I' ~':''''\Jt. 

fi<,~- O'_B 'i'le. 

'1~r'" (~"i>. 
Ste.l: 

Jl H 1 +" lbo. ,,' , . for 9"1 Q7·0 " ,r "" .. for 12"1 3"" I W" for 9"1 ·s " 

~.b",,;" 
,li-''' 2<1.5 " 

.. , 
.XIx,(L-O'SH'lr. h"", "Wi.',-",'" j"'" ,,"", tG:;J ",,,, 156.5 1bs. ... {or8' l "On 

'3Oj ... 'f- ... I (or '~"l -t~ " ~,o"38slbs. 
. ,,, for9' I ~70" 

~ , , : 

\,p"""'J .. >'~;:?' " 11'Of\: ,><,,< -!)'.o}( 11 

>x""~,-.""',,, .. r'''' '> 
St •• 1. :::E:i] for .o~ I 3',5" 

.t-
f "11'$·5 lbs. 

.• . .. ".~,olb., t "-t or 10 33.0 " 
.:.. for 10 I 36,0" 

~ .. I 3"-0 " ,,,,,>fir ... -
if""l~::.... 

All "o[a/or "'Bolts or KiwI>. 

I 82 , 
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CARNBOIE. PHIPPS &: 00., LlMlTEO. 

STANDARD SPADING AND DIMENSIONS OF 
RIVET AND BOLT HOLES THROUGH 

FLANGES AND CONNECTION 
ANGLES OF :t BE.AlIIlS. - -- - \ 

• 11t 
b' 

T m - --
!Tut ::t BUll!.. mOl ::t BUlL 

~.~, ~ 
b or b'. ""el ;:1 bc b '. , . • 

ill ,... 001. ri .. 1. 
.... .. , , ..... 

Us. I_ 
·ud ~, .... '" I->- .... .... 

i- - -
" 80 " 

, 11'=5 15 80 ~ 8!> h=-4}( 

" 80 ~ 
, "fi}i I' 60 ~ 3 h'=5r'r ,. .. " ax " , 15 " " 'j( " , 

I' "!> " • " Sir 
15 80 " 'Yo h=4W I' " " '!> " , 
I' .. " 8iJ "'u 15 50 " • " 4U 10)4 " " 'j( " '!. 
15 'I " 

, " "a- 10!> ' I!> " ~~ " 'j), 10 " " :: " , 
I' " " 8 ""fii 10 " " '!> ,,:tl 
I' " " 'j( ""~ 

10 30 " 'J( 
9 38!> " 'j( b=4X 

10 33 " 'j( " 4Ji , 
"" " '" " ~J'l 10 ~y. " 'Yo " "h 

, 28!> " 
,~ " , , 

" 'Yo """t\-
9 21 " 2il " "t, 8 " " '!> " "~ 8 '" " 

2)4 "'J'l 8 " " '!> " 'g 8 'I!> " 
, " , 

8 18 " 'J( " , 
7 ,. 

" 'J( " "t': 7 " " "4 " ' /I 
7 I'!> " 'J( " "Jl 7 18 " 

, "4 .1( 
6 16 " I j( b= <l J( 

6 16 " 
, "4.1( 6 13Ji H Ij( " ' J( 

6 13 " 
, "4.1( , 13 H 1.,- " 4.1( 

, 12 " 1)/ " 41r , 10 " I j( " <loX 
, 10 " I!> " 4X • 7 " l il " .fit-, 10 " I" " 4.1( 0 ' Ji ~ IYs " :~ • 7!> " IYo "a, 0 7)( I ~ " , 

NOTE: The spaces "b" and "b'" inal)()\'etable~spond 
with spacings given on page 8: for st:andard connection an~les. 
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OHANNELS. ANGLES. 

&a!JdMd. spacmg and dimwiou or rivelanQ oem 1101111 
Staadanl. ~ ...... 

....w. .... ~o( 
through b.nges lIId llOlUIectiolllllgles. riOfi .... bolt Mla 

- tb"",c\ hIIr;& 

a; l • ":b I ...l:e 
..... [l01. !!Os Dim!!.. 

-
/-w.,.J a. ~: "Ii-..,. It " oi,\t • It o:r.:. CQ 

C Q. r.:. rinl. r.:. ..". "'_. , .... , .... , .... , ... , ..... rift!. -'a !a,_ 

" i( " !), 5 7 I ." 15 " Iii ..,. i( " 
, 5 e I 3" " j( SO~ '" 

, 5 I 2i( 
12 g " Iy. 

m ". I '" 12 20 II< 'II 21~ I~ , I 2]< 

" 20 IY. 
10 17~ '" 

,,.. 
.~ I , 

10 15'.4 IYo 'Yo i( 16 I), .,.. Sy,: ii Ii( 
9 ~ 14X ", 't, 3 

~ Ii( 
9 "" II< <Yo " '" 

,,.. 
'" 1)< 

8 
~ " ", ,,.. 

8 10 1]< 4~ " 1\'0: !i '" ~ II< 
8 I< 10 I), 2]< 1]< 
7 

H 
.. ", ,,.. , 

~ IU 
7 8.'1 I}/ .,.. 8~ I~ ,,.. Ii( 
e 10 1\'0: .. , I" e 7 I ,,.. 

7~ I .,.. II< )< 
5 

~ 9 I~ ' Yo 1]< 

a ~ 
5 e I ,,.. e " 

,,.. I}/ , 
" 7 I ,~ I 

~ , , I ,,.. 
" 

, 
" 

,,.. ii 
3.5 Yo 8" ", ,,,. 

~ ]< * 3 X , 
" N ,.. 

NOTE: The spaces b' in above table OOTT"eSpond with spacings 
given OD page 82 for standard connection angles. 
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CAST SEPARATORS FOR STEEL 1: BEAMS. 
See illustrations page 93, rigs. 9 acd HI. 

Slipamtorl Ix 20" and 2&" beams UtI made ot ~" mllial. 
" " 6" to IS" beam1 are made or U" metal 
" " 5" 'bea.Ilu and IIDd~ are made ot ~" metaL 

-= .. ="='~mol 
Of lin. 

DISTUCII. YIIQm 

" '" '" " I' I' I' 
I' I' 

I' 
I' 
10 
10 , 
9 
8 
8 

7 
7 
6 
6 

6 , , , 

SI[PARATORS WITH T WO BOI-TS . 

il I : 80 14¥ 7]( .u 12 9.Va '.Va 0.33 31X fiX 
B 2 80 14U 7J:( .u 10 9~ 4}Z " !:;!U 8l~ 
Jj 3 164 13).{ 7 .u 10 8X ' Yt u "-

B 4 80 13" 7).{ J( 7 9 3X' 0.25 IS,\( IJ( 
11 fj 60 12J' 6~ K 7 8 3)i " 12.1( " 
B 6 60 1214 6~ J( 7 8 3.1( " 12,1( Itt 
B 7 41 Il~ 6 J( 7 7X 8 "11~ 

B 8 40 IIJ' 6 J( 6M' 7~~! 0.25 ~-!': I;, 
H& 32 11)( 6 U~ 7J-i~ " , 9)'1 I~ 

SEPARATORS WITH ONI[ BOI-T. 

.8 n, 
BIO 
"\I 

Bl2 'Zl 
BIS 21 
1114 22 
IH5 18 

BI6 !O 
1117 15M' 
BI8 16 
BI9 13 

JJ2t) I' lItl 10 
B22!O 
JJ2t) 7" .. 

0.12 
" 
" 
" 

0.12 
" 
" 
" , , 

':4 
':4 

I).{ 0.12 
I,l( " 
I){ " 
1:4 

4J( 1}{ 
. 4}( l}i 

'1'''1)< 4J' 1)4 

" 
0.12 

" 
" 
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CAST SEPARATO RS F O R IRON 1: BEAMS. 

See illustrations page 93, Figs. 9 and Ill, 
Sep:mt.Qrs for 6'; beams and upw&rd. are made or J{ in. mel.!.!. 

" "5" beams and under " ~ ~i" " 
DES[GHATlO~ n1sruc&S. ""~ WEIGHl'8. 

or BU •. Ed !~j , 
!j • > ~ ~i "'" , I' <" ! t '~1'i '"J 

jj 
, '. sJ ~ "' ., ';;l • ~ ~, 

., 
g ., ,- .s.il , '!:!]iI • i'-l • "if r 1 ~ lit tll~ 

In,h ... ,. ioe_ -. -nob . iDCb ... in,hes. , .. , .. , .. ... 
S[:PAAATO RS WITH TW O BO L.TS. 

16 13,\1 ., 12/, 6}; j{ 7 9 8)( 0.25 11,l( lj{ 
15 1l5' 60 111r , il 7 8j{ 3)( " 11,l( " 
15 .,3 50 IOt-r 5X j{ 7 8~ 3)( " 10)4 " 
12 nM 56:4 tOp' flU ~ ", 7j{ 3 0." 8Ji 1" 
12 1\5,\ 42 9U 5){ '" 7 3 " 8" 

., 
SEPARATORS WITH ONE BOLT. 

12 I B54 50U 10~ 51, ii 7Ji I'; C.12 7Ji 1{;. 
12 1)65 " '>' ')( J{ 7 I'; " 7U lOX B5G 40 IOyl.r 5)( )( 7 ',; " 6' I!! 
lOX B57 31 J.{ ' '; 5 j{ ''; Iii " 6X 
10 I BSS 42 10 5}{ il 'j( Iii 0.12 , 

t /'l-
10 

1l5T' 
9X 5 " 'Yo Iii " , 

" 10 BOO 3ll 91~ 4U J{ 'il Iii " 6 " 
9 861 38}4' 10 5).( j{ 6j( Iii " fiX It< 
9 B62 28.J{ 8M 4}f il 6 1)( " 5 , ll63

1
23){ 8'; ''; il 6 1)( " 5 " 

8 1364 M ''; 5 )( ' ,; Iii 0.12 ", fT 
8 1365 27 8;> ''; ~ 

, 1)( ., 
' )( " 

8 B66 21M" 8 '" 5}:( 1)( " .)( " 
7 B6? 22 8~" .)( )( 6j( 1)( " 'j{ 'I 
7 B68 18 7X -4 )( 6)( 1]4' " 8j{ , 
, n69 16 7/, • ~ 6)( 1)( 0.12 2)( 'J , 070 13y' 7 3j( 5 1}1I " 2)( 
5 071 12 6J{ 3 '{ j( ' 1« l}i " 1)( ," 5 B72 10 ' >' 3)( ~ 4M l }i " Ij( ., 

• I B7-4 7 5,li' S 4J( I ~ " I'; Ii 

B6 
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FIREPROOF FLOORS. 

Fill· I . ):"lg.2. Fig. 3, 

Folg, 4. 

I --~.:. -.:.. . . ..... . " ._ .. -
. --

, , 
," . • 

~rll. \ , I II I 6 (\N, 
lV''' II '" 

Fig. 7, 

• 
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PIREPROOF FLOcms ANDPARTITI O'NS. 

"it· ' 
-

""~ 
I , 

F,t". 2. 

~ I J); I ~ I :l! 

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

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

~UI Iii; 
••••• 

, '* 
- ;. 

i I I -~ 
I I ~ .. -

I I 1--
-- ..".. 

~ 

I I I 
-~-

'L. 2>.:.-- "~" 
r".3, 

I 

.. 
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BUILT COLUMN SECTIONS. 

Filit". I. Filit".2, F'Iit".3. Filit".4. !'"ilit"' b. 

..JL I 0 I + or 

Fill:' 15. Fir. 7. Filit".8.· 

D II 0 
Filit"' II. R.", Filit". n. 

H H H 
Filit".12. • Filit".13. Filit".14 • 

IT D n 
!'"1Iit".I!>. Fia:.16. Fia:. 11. 

M D H 
.. 
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DETAILS SHOWING FIREPROOfiNG, AND 8AS'ES FOR 
Z~BAR COLUMNS. 

® 
f ig. 2. 

JmL1Il 
[iJ fI, •• 

fig. 3. 

fI,.7. ~ o 
Fig. I. 

Fig. 8. 

~.m 
Flg.6. ~ 

90 
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DETAILS OF STANDARD CONNECTIONS OF 
I-BEAMS AND Z-BAR OOLUMNS. 

These connection, lu be ~d ... ·hen columns are not spl iced at 
$C:8t level o r girder. 

] " ',.,; • .1.. " "'1,.,;. :.II. 

nrn~ ~"., 

~ • 
" " j 

~ I. i 
" 

g. 
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DETAILS OF STANDARD OONNECTIONS OF 
I-BEAMS AND Z-BAR OOL"Ol4NS, 

• 
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CARNWlE. PHIPPS _\: 00 .. LIMITW. 

GENE.RAL DETAILS OF IRON WORK.. 
tI' .... 1.. 

G 
r " 1I".6. 

~--.. .. , 

Yig.:e. 

FIE.lh 

Fig. 12. 

., 

I 
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GENERAL NOTES ON FLOORS. 

Jl:x:l.lnples of lloor jolsb and their connections, of common 

OCWlTence, Are .hown OIl opposite pqe, Figures t and 3. Gird

el'll consisting of t .... o I-Seam:!, or more, side by aide, IU in 

Fib'llre5 16 nOO 13, should be connected by means of bolts and 

cl.\ol. iroll s.cpo.ratot'S, filling closely between the flAnges of the 

belll15. The office of these separutol'll is, in a measure, to bold 

in J'IO'ition the compression flange~ of the belll15, preventing sidc 

deflection or buckling. and to unite the two beall15 so as to CI\I5e 

th~m to act in unilon as regards venieal deflection. Separators 

should be Ill'OYided neaT the supports and at regular inlervw of 

/Tom fj to G feet. They are shown on opposite r-ge. F'JiUTU 9 

and 10. Thod. "'eights range from IX' Ibs. for the light 4'" to 

SIX II». for the hea"iot section of 24" beams. Complete tables 

for the weights of separatOl'll for steel and iron beanll are ghen 

on pages 85 and 86. 

1 On opposite page. Figures I and S show different methods of 

connecting beanUl "';Ih each other. Figure t represents the 

lloor beam coped to the girder and joined to it by the means of 

• poair of connecting angles, wbich are \I5u.l1l, riveted to the 

lloor beam and bolted 10 the girder. Notes on standard &ius 

of these cotmecting angles, and the number of bolts and rivets 

required for all sUes of l ·Bearru, are gi.en, with illu5lraUor>s, 

on poages 8t and 82. Figure 3 on oppo!Iitc page indicate. the 

method of connecting the fIooc beams witb the girdeB when they 

test on tOI) of the latter. In tbis case the Door beanUl are s.c. 

cured by means of II. pair of wrought iron clips, shown in 

Figure 2, shaped so as to closely fit the top flange of the girder 

and either bolted or riveted to the lower fiange of the floor 

beam, on opposite sides of the ume. 

The old method of construction for fire·proof floon in build_ 

ings is br ruCAlUi of brick areh6. These -WI, 00lliiit of a 

94 
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single ,~ course uf brick, with a ri§c IlIthecentlT uf a or " inches 

lind resting 011 the lower flanges of the I .Heams, against brick 

5kc,,"b3.cks. Thi$ method of construction i, illustrated on page 

87, Figure 7, [n case the floor is designed for very heavy [oads 

sevcra[ courses of brick should be used. The floor beams should 

be placed about Ii or 6 ft'C'l, center to center, A convenient de· 

vice for centering the archC$ consists of wooden fmmes, called 

centcr1, $Il.Spended by iron hooks from the Io ... ·cr flangt"l of the 

beams, and dct:>chable on one side $0 that they may be 

~h;ned at pleasure &5 the work progresses. 11le spaee obove the 

arches is filled witb concr<:tt', in which are embedded wooden 

btripli for securing the /loonng. To finish the ceiling below, 

IllaSler i, generally ap\)lied on the bottom of the IlfChes, directly 

to the brick work. The horizontal thRUt of the arches i, 

pro'.-jded for by the use of lie rods, from '" to Jf,." diameter, 

~Iw:ed along the center line of the bea~, or .. liltle below, at 

rq,'Ular intervals of from 5 10 1 fcct. The thrust of Ihese ar<:hes 
1.5W].1 . h 

per lineal foot can be fnund by the fonnulo '1'- R in whlc 

\\' is cquallo the 10l1d per &qllllTe foot, R the rbe of the arch in 

inchtl, and L the span in fed, The tie roch in the arch abutting 

aping the wall are 5Ccurely anchored to the wall j an angle, 

chlnnel or ~imply a wall plate can be used to support the arch 

and to properly distribute the load upon the wall. The weight 

of a fire'proof floor of this descrlfltion, thnt is, 4" brick arches. 

concrete and flooring, exclu~ive of the weight of the belUI\$, wi]( 

n9aage nbout 10 pounds IlCr &quare foot. 

Corrugated iron may be used instead of the brick arches, It 

is placed against the lower flanges. of the I.Beams., and thus §c. 

C\Il"ely held in position. while the spac:eaoo.·e isfilled with grouting, 

'fie rod.'I are used the Iaflle &5 in the previOUll CISe. '111e distance 

between beams should be limited to 5 or 6 feet. The comtgated 

iroo is nsually left expo6C<i below to fonn the cei ling, and it istbus 
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open tothe objecticn that the moisture in the atmc.phere Inay con

delbe upon the lWface of the iron in $Ufficient quantitielO drop into 

the room below_Ceilings of this kind should therefore be restricted 

in their \lie or the iron properly protected from wnt&(t ofthe air. 

Two modem types of fire.proof Roor tonstroctioll5, and 

which IUlYe grown in favor so rapidly as to be used IIOW almost 

to the exclusion of all others, are illuMTated on page 87, Figures 

• lind 6. The arches in this C~ are Conned of hollow blocks, 

consisting of burnt fire-day or similar refractory material. lbese 

are furnished by the m:mufacturers in a great variety of patterns 

and of a strength to meet the desired requirements. 

In reprd to their oomposition, there may be said to exist two 

distinctive varieties. 

Tn the lint, known as bollow pottery. the material COIUists of 

burnt fire-clay. and diffen from tbe $eWfld variety. called 

"porous earthenware," in being tbinner, harder, and more 

oompact. 

In the $eWfld variety the clay, before it is burnt, is mixed in 

considerable proportionJ with sawdust and finely_eut straw, 

which, being consumed during the process of burning, leaves the 

material in a finely boDeyoombed state. 

Figures' and 6, on page 87, show two methods of OOIl5troc

lion of bollow Jlottery and pofOllll earthenware an:h"- The 

method illlUtrated by Figure I; is the lateT and better. 

From testt recently made it appears that thislatler constmc

tion gives the best results in regard to strength. This is evi

dently due to the fact that the full !;ection 01 the material is 

placed in its ID(Ist adVlntagcou.'l position to take the dire<:t 

pressure coming thereon_ 

When used in floor wnstmction both varieties of ATCbes are 

backed to the depth of several inches with concrete, in which 

are embedded wooden strips to which the floor planking is 
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secuTtd. The joinl5 art! all made radial, and the bloch Ihould 

be thoroughly <:cmenttd togttber. They are made to proj~t 

about t inch below the bottom flange of the I-Beams, ",hkh ~ 

furtber protected by the insert ion of a thin strip of tile. The 

weight and 00$t of both bollow pottery .nd porous earthenware 

are about the $arne, and, Ihrwgh their sUJlC"rior ligblnns, po»SeSS 

an important advantage ovcr the brick Brch. The $l;viog in 

""eight amounts to from 401060 per cent., Ihu~ warr:m\ing more 

economical proportions for the iron framing, while in other re· 

spects the C05I of this constnlction i, about the same. The 

weight of these Ill'Ches per sqUIlf(! foot of AOOl'", without plaster

ing, COJIttrte or ftooring, is .bout as followl: 

12~ arehe., uKd for .. ·.rehouses, .:; pounds. 

10" "" theatres, 36 pound!. 

8'" " 
I" " 

" 
" 

U office building'l, 80 pound!!. 

" light purpoMS, 22 pounds. 

For Jong spans or unusually hetvy loads special arches .hould 

be COD5lructed. A oombinatioa arch, to satisfy Ihill purpose is 

shown on page 87. Figure 6. It oonsists of bollow fire-proof 

blocks of the ordinary dimensions, IS used for partitions, from" 

to 12'" wide fnd about 12"in depth,!let end 10 end and sup- J 
ported by iteel Of iroa. tension scnps fastened by good and sub-

ltantia] means to the webs or Uppef fiaDges of the beanu. The5e 

strap!! must be of sufficient $I~ngth and placed between the 

succeui .. e roW$ of the 6re·proof blocks. The space over the 

!!traps aud bet .... een the 6re-proof blOCH is 611ed up with 

Portland cement, thus uniting the hlocb and produdng a 

IOJid floor. The 6re.proo6ng, therefore, no longer IICrve5 the 

function of an atth, but merely tak C:$ the eompresUoo caused 

by the IIInp, whose tendenc1 i5 to puU the floor beams together. 

The nraps should be at leut IX" wide alld not less than :4" 
in IhickneM. Tests made by C.megie, Phipp' and Co, Limited, 

I 
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with thb combination construction hue gi¥en very ... lisr.etory 
results. 

The following are the usual assumptionl made in good practice 

for superimposed loads: 

FlooR of dwelliDgs and offices, 70 Ills. pet' sq. ft. 

.. "churches, theatres and ball roo~, 126 Ibs. " " ., 

" " warehouses, 200 to 250 Ibs. " " " 
(<.>r heavy machinery, 250 to 400 lb!!. " ., " 

It has been $no'll'n by a cucfui inTestigation that the weigbt 

of • crowd of people, densely r-cked, ... iII noc exceed 80 It.. per 

!!<Iuue fool. 

The cost of fire.proof Roor constrodioD hu ~n Curther 

greatly reduced by the substitution of steel for iron in the maD

ufacture of I·~aml and channels. The former malenai r«Om

mends [!.elf, not only for its .uperklr strength, but .150 by its 

use the rolling of much lighter Itttions than in iron hu bftn 

rcndcre<1 prncticable. From the table of I-Beams on page 61 

it will be noted, for enmple, that the lightest weight of .. 1211 
I-Beam in iron is 42 pounds per foot, "'bereas in steel .. beam of 

this depth can now be furnished .t II. weight of only S2 pounds 

per foot. A similar ratio exi~ts for other sizes of beams. 

The relative incnase of toad obtained thereby and the resulting 

economy is illustrated by the following: 

Safe lond 12" r or 42 1m. (old pattern) iroo .. 

" .. Iii" I 

.. .. Iii" I 

.. 

.. (new pattern) if iron 

.. $t~1 . 

.1.00 

. 1.25 

. 1.67 

Where girder'! txtend below IKlttom of floor beams they are 

made fire-proof by surrounding them .... ith hollo .... earthenware 

blocks espedally made to lit the boI:tom of the beams, as shown 

on page 87, Figures t, 2 and 8. 

An example offire.prooftile construction, rui applied to ceilings 

and roofs, is gi"en on plge 88, FiaUN:!.. For cd1in~ the T-Jrons .. 
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are liIU]ltllded from the lower flanges of the ). Be.nu at intervals 

of 1.2 or 16", alldsupport a layer of VeT)' thin lile, weighing about 

6 pounds per ~ foot, 10 which the plllSleriDg i. applied. For 

roof$ somewhat hea1'ier T·lrons are used, !'Wing 011 the top 

flanges of the I·UeIlm5 and spaced about 18" apan. The tilillg, 

weighing aboul 10 Ibs. per square {oot, may be covered with 

concrete, then with a layer of felt and gra'"el , or, in the case of 

slate roofs, the Ilate may be nailed directly to the tiling. 

A lemi.fire.proof COllstruction iii shown on page 88, Figure I, 

and consisl!l of angles resting on the top of the floor beatn$, 

and supporting woodell strips. The lilli$hed /Ioor can be directly 

nailed on tbese latter, which are spaced &om 12to t&incbes aput. 

The ceiling is composed of wire Iithing, which i, fllSle\led to 

T·h'Olls ""'1)cllded from the floor beams alld .~d about I&~ 

apart. The plilltering is directly attached to the wire lathing, 

and thus D. level ceiling is obtained. 

Wire lathing can also be used to good advanUlge illlire.proofing 

columns and girders, and has shown itself to be of great utility 

in many inst.aoces ""here hollow pottery cannot 1)C used. 

On l)age 88, Figure 8, is given an e!evlltion alld section of 

three methods used for the eonstroctiGn of fire.proof partitions. 

One ooruists of the ordinary fire..proof tquare blocks, $CIt with 

broken joinl! and held at ;nterYw wilh light I.Beams, which 

take the place of wood studding. 

in the SCCOIId method the s~ between the I·Be~ is filled 

with a new mnterial called plaster boards. The third method 

conml!l of wire lathing IIl\aehed 10 Ihe oul!ides of the I.Beams 

and stiffened at intervals of 2 f~t with angle irons. Plastering 

ii applied directly to the olllSide of aU these surfaces. 

l -+-! ----;;; .. ;------t-
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GIR DERS IN BUILDINGS. 

In the design of • building, CI.seJ may occur ... here a Jingle 
I.lkam girder will no! .. "WeT, It may be found desirable to 
illcrease the lengths of the lpanl 50 as to reduce the number of 
supporting columns 10 • minimum, or perhaplS hea"Y COIlcen
Imted loads, such as )"'IU!tS, brick "'al1s, etc., ,,·ill Tender single 
I-Beam girders inadequate On pAge 93, Figs. II 10 17, indusi)"e, 
are sho .... n "arious forms of girders that may be u.><:d in tiuch 
cases. Where the ends of the girders reM Ujlon the wal1, cast 
or wrought iron bed lilates ( I'"igil, 12 11Ild 13), 5hould be used to 
distribute the pres;ure (WeT a greater iunace, and thereby pre. 
vent the crushillg of the mntcrial in Ihe wlll1 directly under the 
ginleT. In!iOll1C cases a tough, large Slone ... iII alb ... er "'ithoul 
the plates (Fig. 11 ), but ... here the llTeS>uTe is hellvy, both plates 
and ~one should be used (Fig. 18). 

The allo"'ed pressure per square fOOl: for brick work should 
not exceed six Ions, and for stone, twell'e to twenty tom, aa:ord
ing to its character. 

f'or spanning openings in brick walls, girder.! OOInpo!ied of 
two or more I-lkan\5, connected by bolts nnd !iCparntors IFigs. 
IS lind 16, pllge 93), IU"e moo commonly used. 

The lwobable line of rupture, where the bricks h,,'e been laid 
regularly, if the gi rder should filii, will be found to be inside of 
the sides of an i!iOl!iCeles triangloe whose base is the span and 
whoooe height iJ ~ of the span. In order 10 be enlirely on the 
liafe ~ide. the ... eight of .... 11 between ,·tniesl lines directly o,·e. 
the girder for a helghl equnl 10 that of the triangle is fl'e(juenlly 
adopted U Ihe load to be carried. It should be noted bowe"eT 
that for green walls or .... lls ha .. ing openings, Ihi5 rule does not 
apply. 

I'lacing the weight of brick work at 112 Ills. ller cubic fOOl, 
the '/I'eights per lupetfiehtl fOOl ror different walls are u folio," ' 
~p_ ~k 

" IS " . 121 " 
" !8 " . 168 " 
"22" 2OIi" 
"26" . 24S" 

HlO 



EXPL ANATION OF TABLES ON OA.RNEGIE 

SECTIONS. 

P"'G.;S lOS TO 128 I Nci.U$lvP.. 

Th~ tabl~ ha .. e !Jec,n ealculated for the lightest weights to 
which each Ihllpe or pallem can be rolled. Heavier wdght$ 
can be rolled in the aame grocm:, by scpanlting the rol!~, but 
they ue not kept in 5lock, aDd can only be obtained by I(ltcilll 
rolling. 

The tables on pages tOO to lOB for 5lef!1 beams, and on pages 
tOO to II t fOC' iron beams, give the Joaob .. ·hich a beam wi]] 

cart"J" Mfely (di$Uibuted uniformly ovu its length) fOC'the dis
tances betwef!n supports indicated. These load, include 
the weight of the beam, which must be deducted in order to 
arrive at the .ul 1/!<II4 .... hieh the beam .i11 earry. On ~ liZ 
to 120 will also be fouud the aare loads for other llections. . 

For beams of heavier scction. than those ealculated in the 
tables, a separate column of CXlIT«tions is given for each lize, 
$tilting the proper inoea.5e of safe load fa.- every additional pound 
in the weight per foot of benm. The values given are based on" 
maximum fiber §train of 16,000 Ills. per "lWU"C inch for 1tef!1 and 
U,OOO Its for iron be~. 

It has been U5umed in these tablCl!l that proper provi,ion i5 
made for prnenting the compression flanges of the beams from 
deflecting side,,·a)",_ They should be held in polition at dUlane" 
not excreding t .. ·enty tim" the width o f the Hange, other'll"i>!': the 
stmin allowed should be \"C(luced u per taWe, page 10(. 

The price per pound of 5leel and iron beanu being the IIIme, 
C()Il!Iidcrable economy can mually be effected by uling the fonner, 
owing both to the IUperior strength or the mnterial and also to 
Ihe f.ct Ihlll lighter weights can be rolled for lIee l lhan fa.- iron 
beanu.. Since the 5tn:ngth of beams of rqual ... eight, illCTCa5eS 

largely with their depth, the important IIdnnta.ge thus gained is 
evident. 

In 10ILIe in5lancr:s "tj/u/jlm, mlher than ,,/},q/ul( ,IT'''pA, 
may become Ihe goveming considl:ntion in determining the size 
or beam to be used. For beams urrying I'IMll:red ceilings, for 
examp!e, it hIlS !Jec,n found by I'mctial Ir$tl that, if the 'II 

. 



CARNEUIK PWPPS & co .. L!MITBD. 

defledion ue«d, lhlh of the distance betw~n IUpports. or 
nth of an inch per foot of this dititance, there is dangtr of the 
~;ling cncking. This limit is indicated in the follo"-ing tables 
by c;roM lines, beyond ... hich the ~ams should nOl: be used, if 
intended \0 carry plutered ceilings, unlcu the allowable 10&d5 
given in the tables .re reduced. The following method can be 

u..eo:llo obtain the ~duced loath: 
"r .. ffipl)' flu {()(JdgiVtn imll'lttliattly a6ovll)u N'l!lIli,,~ 6)' tlu 

''l"art oj tlu rl1rrtsji#ndi"g span, and diviti, 6)111u ,quartoj tIlt 
r'q"intl 1/'0"'- I/lt rtllllt will h lilt "tII";,-", IMd. SIt txam· 
pIt {If 1H11nQ. 

A table of deflections of Carnegie !I«tiont isgivefl on page 106. 
It may genmllly be assumed, both fOl" rolled and buill beams, 

that the .oo.'c limit is not exceeded to tong as the depth of the 
beam is not leIS than /.r of the di5tance between supports for 
iron (~inch pt"r foot), or it of Ihis distan~"e (~ inch per foot). 

(or steel beams. 
Iml5Jnudl u the carrying capacity of ~s incrus.es largely 

".ith their depth, and it is thercfono economical to use the greatest 
depth of t~am oollsistent with the other condi tions to which it 

i~ nece'l5aty to oonform, (as clear height, etc.) , the above eases 
of utrcme deflection will rarely be met with in practice. 

As the deflection of beams is not very uniform in eidler iron 

(II" steel, the qubotion of the relative deRt<:tion of iron and &teel 
beams can be dt<:ided only from the aTerage result! of a large 
numher of tt$l$. Sueh experiments as have b«n made, though 
insufficient in number 10 be conclusive, indicate that a steel 
beam will deflect slightly less than an iron beam of the same 
Kdion, under the same load, in about \he invene ratio of 
the moduli of elasticity for these materials lIS generally assumed, 

or.!ollY all I. to Hi. 
The tabl" on pages 121 10 128, inclusive, for steell~aml give 

the 1>rQ)~r 5llJ1cing, center to center of !Jearns, for loads varying 
from 100 to 175 11:1$. per square foot , and for spani mnging in 
length from 5 to 80 feet. The spacing of beams if invrnely pro
portionate tothe loads; therefore, for a load not given in the table, 

as for iMtance, l!OO tbs. per square foo, divide the lJ*CH given 

for 100 tbs. per l<JuaTC foot by two, etc. 

"''' 
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CARNK<,UB. PHIPPS & 00., WWTEO. 

EXAMPLES OF APPLIOATION OF TABLES. 

I. Whal will be the mo5t fl:OIll"lluieal arn.ngement of floor
kallU and girden for carrying .. iooW of ISO Ibs., including 
weight of flOC!', assuming the floor to be IUpported by brick 
arches resting between tbe beanu and carrying • plll$ltred 
ceiling below? 

A'lS1ur: The spuing of floorbeomJ for brick arches, asstaled 
above, sbould not exceed 6 fed. Referring to ]lR~J 125 and 126, 
we find the "upJI &.Ieei beam <:On'eSponding to this lpace (abo .. c 
bori~ont.l emu lines) to be .. 9" I, 21.0 lb •. , with • length of 
s~n of IS feet. The girden to .,bieh the fIoorbeams are 
(rame(!. .. boold, tbe~fore, be spaced IS feet aput, and from the 
lable we find tbat eitheT II 20" It 6.4 Ills., l] (eet long, or .. IS" 
I, So Ibs., 18 fett long, willl.llllwer. By using the fonner, the 
uumber of sUppor1ing columns will be reduced, but the weight 
of the girder.s ioCfCoued. The relative cost must be determined 
by the circumstances of the case, i. '0' length of column!, dC. 
The headroom required may ~fider it necessvy to use a double 
girder of shallower beams, say Z-IO" 1 beams, 25.5 Ib5., 15 
feet long. }. 

I I. What lile and weight of beam 19' 61' long in clear 
between walls, and, the~fon, 20' 0" long bet .... een a:nters of 
supports, will be required to carry Kfel,. .. uniformly diitributed 
load of 16 tOIU, the weight of the beam included? 

A,","r .. }'rom the table for 3Itd bums, a IS" I, 41.0 tbs., 
will carry ..rely, for a span of :zo feet, 15.08 10115, or 0.92 tOIlS 
I~ than required iu this case. From the next column we 6nd 
thlLl for e .. a-y pound in~a.se in .... eight of beam , we may add 
0.20 tous to the load lIence, for 0.92 tons, we must increase 
the weight per foot of beam by 0.92 + 0.20 _ 4.6 Ibs., i. t., 

the beam required should weigh 41.0 + 4.6 ""'" 45.6 Ibs. per 
fool. 

For inm beams we find, for a Ip'ln of 20 fect, the next lowest 
.... Iue from the table to be 13.94, or 2.06 tous leu than required. 
n it is for a IS" If 50.0 Its. In ,hi.. ease we mUll add to the 
weight of the beam 2.06 + 0.15 = 13.7 Its., making a total 01 
63·7 Its. pet foot for this shape. It will be more economicaL 

w,. 
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Ihe~fore, to use the ltV' I , 60.0 Ibs. given in the next column. 
This ~I.m, from the table, will • ..rely carry I. lOAd of 16.118 tons 
for I. S]l&n of!O feel. 

"[11t .ving effected in this instance by the use of I. steel beam 
a.mounts \0 about 2..4 per cenl. 

III. Wbat 1M' uniformly diMributcd, including ,. 0". 
_'eight, ... iIl I. 15" geel I BUill, weighing 60.0 Ibs. per foot, 
tarry for I. !pan of 30 feel, without deflecting lufficiently to en-
danger n plastered ceiling? 

AlIlW<'''.' From the table for llltibeams we lind, at the limit 
indicated for plastered ceilings, that I. lIio 50 lb. beanl will 

carry !lareJy I. uniform load of 15.06 Ions o'"cr a span of 25 feet. 
I n ord('r not 10 give rise to undue deflection, the snfe 1000d for .. 
30 foot span, according to the rule given on page tOl! will be 

\6.06 X 251 
_ 1046 I -30" - - . OIlS. 

From the table for iron beams, we find IhM at Hi" J of the 
same 1feigh\ per foot (60.0 Ills.) ""ill carry §IIfely, o"cr .. SI>all of 
30 feet, • unironnly distributed load of 9.29 toIlS. The iIIlviDg 
in favor of the steel """'" with thcsc conditions will, there_ 
fore, be not mOTl) than 11 per cent. If, however, ihe SpallS 

were ."",nged w al not. to exceed 25 fect in lenj,th, (the lillJit 
indicated in the t.bl~ by CfQ'i5 linn for 15" ! teel beams) the 
'D,-ing realized by the w.e of §teel would be almost !6 per cent. 

BEA:\IS WITHOUT LATl-:RAL SUPPORT. 

- -
I roportiOIl of TlblLlar Load 'OI'lIIi~ Length ot Bet.at. 

Greatest SAfe Load. 
---

eo tjm~ flange width. Whole tabular load. 

OJ .. .. " I. " " 

" 
.. " " h " " 

" 
.. " " h " " 

'" 
.. " .. h " " 

70 " .. .. h " " , 
10< 



CARN"EOIP!. PHIPPS a. 00, LW1TED. 

DEFLECTION COEFFICIENTS FOR CARNEGIE 
SHAPES, GIVEN IN 64ths OF AN INCH. ..... , IISUlCI.IfYDJ 11l'fJIOI!I, 'I 'lIT . 

" ... • • , . " 14 •• I •• •• • • 
-

~" 1 "'; 
--•• 88.1 67.8 100.9 152.5 207.' "" 512.7 

(Y. 8. . 29.8 53.' 62.8 119.2 162.' 211.8 268.t 331.1} ..... 
OL .. , .... 85.3 1"-' 161.8 218... 276.5 341.3 413.0 
0'. L . " .. .... 71.1 1"-. t89.4 t82.O 28M "U , ... --..... , DB'UICI IIfYEU Ill'PP011'1, iJ PIli' . ... ,. •• , . ,. 3' 32 ~ 36 3. •• ---
•• 81D.2 716.1 .... ..... 1~01225.0 1373.0 1530 1015 . 
IV. S. . 'n, 559.4 .... 8 744.8 847.4 9511.8 I"",' II'" I"'. OL ' 91..5 07" 669.0 768., ~ 986.4 1106.0 I .... 1365. 
(Y. I. . ' 09.6 .... , ,,7> ... , ... , 921.6 11127. 1188. 

Figures giv~n opposil~ C. S. and C'. S. are Ih~ dellecliQII coeffi-
ci~nts for steel .Iu!pes, subj~ct 10 tnlluvene IItrain for varying 
span;;, under their maximum uniformly distributed Mr, loads, 
derived from a fiber strain of 16000 and !lSOO ~spect;'·dy ; 
the modulus of elasticity being tak~n at 29,000,000. F igures gi'.~1\ 
oppo6ite C. T. and C'. I. ~ for iron beams, under th~ir uniformly 
di5tributed &afe loads, derived from a fiber stl'D..in of 12000 and ,= respecti"ely, th~ modulus of elasticity being tak~n .. 
27,000,000. To find the deflection of any .ymmetrical ihape 

""" as a beam und~r its COIT'e5ponding u.f~ io.d, di"id~ th~ 
coefficients given in the above labIe, hy the depth of the beam. 
This applies to such shapes as I-Beams, ehannels, Z-.,.", d, 
For thOile beams havins: Wl$YIIlmetrical ax". such as tees , angles, 
etc., divide b, twice the gre:llest d~ance of the neutral axis from 
the oot$ide fibre. 

EXAm' I.,I\:_Required the deAection of a 12" I·!leam, 32 11:>.1., 
::0 ft. 5Jl'1U1 under iu maximum uniformly distributed IiQfe load of 
9.88 ton!, u given on page 106. The above tables give 423.7 11$ the 
deftection coefficient; dividing this by n , give5 35·J U 

.., 
required deflection in 6.ttlu of an inch . 

.... or deflections due to different l)'$lelD$ of la.dilli, see page 134-... 



CARNEGIe, PHIPPS & CO •. LIMITED. 

SAFE LOADS, UNIFORMLY DISTRIBUTED, FOR 
OARNEGIE J: BEAMS. 

12 

I' I< 
I' 16 

171*~I!EI~ 16 I' 
" 'I 

" " " " " 27 

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

IN TON S or 2,000 Las 

STEEL. 

Sare loads gi"en include weigbt or beam. Mo.xiruwn fiber strain, 

p6,oco It.. per square illch. 

tOO 



CARNEGIE, PHIPPS & 00., LIMITED. 

SAFE LOADS, UNIFORM!. Y DISTRIBUTED, 
FOR CARNEGIE J: BEAMS. 

IN TON S or 11,000 LBS. 

STEEL. 

11 
., "f 11 1f 10" I . -·r 9" L g" I . 

J.!! " !, ).!! 

n .. , n .. , 
"I "' 

~j • ." '!! " • 'I. • " , .. , .. , .. , .. , .. , .. 
12 14.33 10.99 '!2 ,.,2 0" ." 5 19.16 15.40 . .. 
13 13,23 10.15 0." 1008 7." .18 • 15.97 12.83 .,. 
" 12.29 9.42 01. '.36 7.14 0.17 7 13.69 11.00 . .. 
15 11.47 0" 017 0,. <66 .,. • 11.97 ' .63 0.26 
\6 10.75 024 016 ". <25 .15 9 10.M 056 ... 
17 10.12 7.75 '15 7.n 5.88 0.14 \0 9.56 7." 6.2, 
18 '.56 7.33 0.15 7.28 5.55 013 II 071 7.00 01. 
\9 9.05 ... 0.14 6.90 5.28 0.12 12 7.98 6.42 017 
26 &60 0" .13 ... .00 0.12 13 7." 6.92 ' 16 
21 019 '.28 0.12 ." <76 O.tt " 6." 5>, ' 16 

" 7.82 '.00 0.12 .96 .... 0.11 15 '.82 5.13 ". 
28 7.48 5.74 0.11 5.73 4.35 0.10 \6 5.99 4.81 .18 
24 7.17 5.50 '" ... 4.17 0.10 17 5." '" ." 25 &a, .28 0.10 6.24 '.00 0.09 18 5.32 '.28 .12 
26 &6' 5>1, 0.10 .01 3." 0.09 \9 5." '.IlS '" 
27 . ., • .89 .10 I'" ." .09 26 ". .,. .10 

" ." 4.71 .09 .... ,., 0." 21 '.56 ' .67 . 10 
29 5" ... 0.09 4>2 3.45 ... . . 
30 5.73 4.40 0.09 '.37 ." '10 . . . . . . .. 

Safe 10005 given, include weight of beam. Maximum fiber 
strain, 16,coo Ibs. pa !Iq= inch. 

>07 



CARNEGIE. PHIPPS & CO .• LlMITED. 

SAFE LOADS, UN1FORML Y DISTRIBUTED, 
FOR CAltNEGIE J: BEAMS. 

1M T OMS or 2 . 00D las. 

STEEL. 

Safe loads given, include weight of beam. "'Ia~imum fiber 

$mlll, 16,oc<llbs. per $<Juare illch. 



CARNEtOlE, PHIPPS & CO., LD4lTED. 

SAFE LOADS, UNIFORM!. Y DISTRIBUTED, 
FOR OARNEGIE J: BEAMS 

IN TONS OF 2000 LBS . 

:IRON. 

Safe loads given indude weight of beam. MuiDluDl fib« 
strain, 12,000 Ibs. per squan inch. 

100 



CARNlIIOIlt, PHIPPS &I 00., LIMITED. 

SAFE LOADS, UNIFORMLY DISTRIBUTED, 
FOR CARNEGIE 1: BEAMS. 

IN TONS or 111,000 LBS. 

. .. 

. 23 

.M 

.18 

.\6 

.14 

.\3 

.12 

.11 

1-"" 1-"'''1.10 

.09 
.09 
.Ill 
.Ill .., 
.W 
.W 

Safe low given, include weight of beam. Maximum fibet 
strain, 12,O<Xl Ibs. per s.qUOl"e inch. 



CARNEGIE, PHIPPS & 00 .. LIMITED. 

SAFE LOADS, UNIFORMLY DISTRIBUTED, 
FOR CARNEGIE :r B E AMS. 

IN T O N S OF 2 ,000 Las 

:IRON. 

6" 1 rt ''' I . I] ''' L 

" "X ~'i 1-;;-11 '" I· I.x , 
1\10. 1\10. .. § 1\10.11' ... 13 I lIi..- 1\10. 

10 I ~~ 3.26 012 1 2"' 1 ". 1 ~~ 1 ~!~ 1 ~·~~ 1 ~~ . ";;;; 
11 !"'''''' 2.96 0.11 f21i9f1'EI ~·~ I I·o>iJ l ~·~I"'·Vf !:~ I [E I 1:~ 
12 i 3.22 1 '.71 010 1.92 1'" I"" I I." 1 "" '.'~ . "I ' ,"' 1250 0.Q9 1.17 U. I o.ii 

" 2.76 2.33 .09 1.64 I I.~ I ~.~~ I 0.00 I'" j ... 0." 
15 2.58 2.17 0.08 tJ;3 I ?~~ : ~.~ O.M 
16 2.42 2.03 0.08 L« "., 1 '"' I 0,"1 O.~ 10 ... 0." 
17 2.28 1.91 0,07 1.35 0.61 I O.3~ O.().l 

I " ,215 1.81 0.07 t28 1.111 0.06 I 0." !lm~m~:·.;.;~08 I !~ i ~~ 1.71 0.06 L21 1.05 o.1l5 1 ;;: I ;J~~ 
I GY I ' ..... 1.63 1),06 1.15 nM 1u.I'I IIWI I"'· .... IO.52 . . 

21 1.84 1.55 0.06 1.10 I 10 ... 1.50 I 0.32 : O.~ 
- .-

SaJe loads given, include weight of beam. Maximum fiber 
Slra;n, 12,000 Ibs. per s([unre inch. 

'" 

\ 
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CARNEGIE. PHIPPS &I 00 .. LtKlT&D. 

SAFE LOADS , U NlF ORML Y DISTRIBUTED, 

FOR CARNEGIE OHANNELS. 

I N TONS o r 1 .000 LBS. 

S T EEL . 

l.i -" ;1"" "" !!i.e 15" [. ,r 12" [. ;. . ., 10" r. -. 9"[. 
P 

_. 
l -I:! I' I- I' 

H 
.. , ., .. , -- ..• 

• H ft J! I l5~~ H It'~ .!! ~ •• ". lbo. 3.i ,~ Ito. :; w ., 
:--=- - - - -

10 ".24 0.43 1M3 0.31 6.81 0.21 5.14 0.24 
11 18.40 0.33 11.51 0.28 .1' 0.24 W 0.22 
12 1.86 0.31 8.7J 0" -, 5.67 ." ' .28 0.2\1 
13 Ui.57 0.30 &01 0.21 5." 0.20 3.95 0.18 
14 IUS 0.~8 7.H 0.2~ •. 86 0,19 .07 0.17 

I' 13.49 0.21 •. go 0.21 '.54 0.!7 3.42 016 

16 12.66 0.25 S.W 0.211 •. 25 0.10 3.21 0.15 
17 11.90 0.23 6.17 0.18 '.00 0.15 •. " 0.14 
18 11.24 0.22 5.82 0.17 '.73 0.15 '" 013 

I' 10.1iS 0.21 5.5~ 0.17 '.58 0.14 '" 0.12 

" 10.12 0.20 5.24 0.16 3 .... 0 0.\3 !.57 0.12 

21 •. " 0.19 •. " ~.I5 3.24 0.12 ... 0.11 
22 9.20 0.18 U6 0.14 8.00 0.12 ." 0.11 
2J '30 0.17 4.55 0.14 2.96 0.11 2." 0.10 
24 ,., 0.16 4.37 0.13 2.8< Oil '11 0.10 
25 8m 0.13 4.19 0.13 2.72 0.10 , .. 0.0) 

" 7.18 0.15 4.03 1)J2 2.62 0.10 Ul7 Ml 
27 7.49 0.15 lB3 0.12 !.52 0.10 UlJ 0,0) 

" 7.23 O.l( S.iI 0.11 2.43 • .IIl 1.83 0." 

" 6.!f3 (\.11 3.lil Oil 2.:15 0.96 1.77 0." 
30 ." 0.13 :1.4) 0.0 !,27 0.119 1.71 ' .118 

- -- -
Safe load:s given include weight or channel. M:u:imunl fiber 

I train, 16,000 Jbs. pcr "1uore inch. 

"3 



OARNEGIE, PIlIPPB '" 00., LIMlTBID. 

SAFE LOADS, UNIFORMLY DISTRIBUTED, 
FOR OARNEGIE OHANNELS. 

tft T O fta OF 2.000 LaS. 

STEEL. 

-" ." ~::. ." --I" 8"r. -t 7" (' tl Bu r. 5"(. H 4" t -<. .! 
!~ f! J.!'! - I, -- H --

~1 
-

j, \~ H :~ 
, H • , n ,,,. u .. '0 . ... .!'! - -

r 
5 7.63 0.42 5.31 '87 S." 0.31 2." 0." 1.87 0.21 , 6" 0." 4.43 I}'SI 8.28 0.26 2.32 0.22 1.56 0.17 
7 5.38 0." '" 0.26 .. , 0.22 1.99 0.19 I." 0.15 
8 4.71 '26 S." 0.23 2.46 0.26 1.74 0.16 1.17 0.13 , 4.18 ,23 .,5 0.20 2.19 0.17 1.55 0.15 1.04 0.12 

10 '77 0.21 2.86 0.18 1.97 0.16 1.40 0.13 0.94 0.10 

11 3.42 '" 2.41 0.17 I." 0.14 1.27 0.12 0.85 0.10 
12 W 0.17 2.21 0.15 1.84 0.19 1.16 0.11 0.78 0.0<1 
13 "0 0.16 ". 0.14 1.52 0.12 1.07 0.10 0.72 0.09 
1. '" 0.15 1.00 0.13 1.41 0.11 1.00 0.09 0.", 0.07 
15 <51 0.14 1.77 0.12- 1.31 0.10 0.93 0.09 0.62 0.07 

16 ." 0.13 1.86 0.11 1.23 0.10 0.", '09 0.58 0.07 
17 '" 0.12 1.86 0.11 1.16 0.09 0.82 0.09 0.55 0.00 
18 .09 0.12 1.47 0.10 1.09 0.09 0.77 0.07 0.52 0.00 

" 1.118 0.11 1.40 0.10 1.04 0.09 O.7'd 0.07 0.4.9 0.00 

" 1.88 0.10 1.33 0.09 0.98 0.1>1 0.70 0.07 0.4.7 0.115 

21 I." ,,0 1.28 0.0<1 0.94 0.07 0.86 0.00 0.4.5 '115 
22 1.71 0.09 \.2\ 0.09 0.00 0.07 '63 0.00 G.43 0.115 

" 1.64 0.09 1.15 0.09 0.86 0.07 0.61 0.00 0.41 0.04 

" 1>7 0.09 1.11 0.09 0.'" 0.07 0.58 0.115 "9 0.04 

" ," 0.08 1.06 0.07 0." 0.116 0.56 0.115 0.37 0.04 

- -- -- -
Safe io",h gi" cn include weight or "hunnel . :-'Ia.\imulll fiher 

• Irain, 16.000 Ihs. pe r S<luare inch. 
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OARNEGIE. PHIPPS III CO., LIMITED. 

SAFE LOADS, IN TONS OF 2000 LBS., UNI-
FORMLY DISTRIBUTED, FOR OARNEGIE 

Z-BARS. 
-13 I D!STJ.lCI m'lm IUPl'OlTl, II PDT, 

'" , .... 
.. 4 . 5 i~ 7_!~~'~1~ ~ l~ , 
" 8.H 6..75 5.63 4.82 4.22 3.75 3.38 2.81 2.41 lUi 

:q J1 .... 7." , ... 5.61 4091 4.37 3.S3 '.28 '" ... 11.22 ." 7." .. , 5.61 4.99 4.(9 3.74 ." '" , a 11.55 .... 770 '.60 '.71 6.13 4.62 ." '.30 '.89 

:q 1>82 10.28 ." 7." 6.41 5.70 5.13 4.Z7 .... 3.21 
1,,·10 11.28 9.40 .'" 7.05 ··"1 ... • 4.70 '.ro 3.52 , J( 14.04 11.23 9.38 S." 7.02 6.24 5,61 .... 4.01 .>1 

'q U 15.22 12.18 10.15 ." 7.61 6.77 8.09 '.07 ... , 3.81 ,. 
1
1
6.40 

13.12 10.93 '.87 8.20 7.29 6.56 5.47 '.69 4.10 , , ... '" 3." '.05 "7 '.87 '" 1.78 ,.50 1.83 

:q ~ '.39 lUI '.96 .... 3.19 , ... <S, IU3 1.82 1.60 
1'1 7.« 5." '.96 ' .25 ." 3,31 9" 2.48 2.12 1.30 , Yo un <I. 5.12 4.39 S ... 3.41 '.07 9" ". 1.92 

' h )j ." '.90 5.75 '.93 4.31 3." .... 2.87 2.46 '" 5J> 9.57 7." .... 5.47 ..,. '.25 ,,. 3.19 2.74 2.39 
5 U 9.47 7.58 '.32 5.41 4.74 4.21 ", 3.16 2.71 ~37 

'n 10.34 ." '.SO 5.91 617 4.59 4.14 .... ." .58 , 
'J> II 1U4 IUS 7." '.54 '.72 ,.'" 4.57 3.81 •. " ." 
• )( 3.14 ", 2.09 1.10 1.57 1.39 1.26 I." 0.90 0.78 

:q ~ 3.91 3.13 >6, '.24 1.96 1.74 1.56 1.80 1.12 0.98 .... 3.U 8.12 '.67 , .. 2.08 1.87 1.56 I." 1.17 

• ~ 
<8. ... '.22 '" 2.41 "' 11.93 1.61 1.88 1.21 

:q I '" 
4.40 '.67 3.14 2.75 2.« 2.20 1.88 1.57 I. .. 

I, 6.18 .... 4.12 3.53 '.09 2.74 2.47 .'" 1.76 1.64 

• ii ... .... '.OS 3.46 3.02 2.69 2.42 .'" 1.13 t.51 

:q U '.65 '.32 4.43 lI.80 8.83 2.96 2.66 ." 1.90 I." 
7." 5.81 '.M 4.15 ' .63 3.23 2.90 .., '.07 1.83 

• ~ 1.93 1.54 1.96 1.10 .96 0.86 0.77 0.64 0.65 0.48 
' h h 2." 1.90 1.58 1.38 1.19 1.08 0.95 0.79 0." 0.59 

• ii <s. 2.'" 1.72 1.47 I." 1.14 I.OS 0." 0.74 0." 
' h h ." ". I.OS 1.70 1.49 1.32 1.19 0.09 0.65 0.74 

• >; •. '" .. , 2." 1.75 1.53 1.38 1.22 I.'" 0.88 0.71 
' (, 1'1 ... M' 2.96 1.96 1.71 1.69 lZ7 1.14 0.98 0.86 

Safe loads gi" en include "'eight o f Z. BaT. )Iuimum fil", . 
5lrnin. 1Z.000 lho. per "luare iuch. 

"5 



CARNlDOIE, PHIPPS & CO., LUdlTED 

SAFE LOADS IN TONS OF 2,000 POUNDS, UNI~ 
F ORMLY DISTRIBUTED, FOR CARNEGIE 

ANGLES. WITH EQUAL LEGS, 

1i.0( 1",1o. I-~--r-~~-~~-~-r~~-
12 ' 34 1 6678910 

~lJi P.2.56 ~\U.18 '~I~t .09 .:n ~ .40 .06 
6 .6 xi, ~~ 8.14 5.43 .m .26 71 2-!l3 ~~ 1.81 1.83 
5 >5 lft ~.68 10.34 6.89 17 .14 .45~!1'5 f.':!? 30 m 
5 >5 "» ' 9.68 4.84 8.23 42 1.S4 1.66 1.38 1.21 1.08 rn 
4 .4 'H 12.M 6.02 4.01 01 . .f.\ j2.~1 1.72 1.51 I.U 1.20 
4 _4 "» 6.08 3.M 2.03 1.52 1.22 Ull .~ .76 .68 .61 
;J3ilS3i. t t 9.00 .f..SO 3.00 .25 1.80 1.50 1.29 1.13 1.00 .90 
3~,3}~.~ .f..60 2.30 1.53 \.15 ~0.\12 0.7710-66 .SS .51 .f.8 
a .8 . " 5.20 2.60 1.73 1.30 1.04 ~87 7.f. .65 SS .02 
3 .3 x}.( 2.32 1.16 0.77 .SS 0 . .f.6 [39 0.33 .211 .26 .23 
~.~_~ 8.56 1.78 1.19 .89 .71 [0.59 .51 .45 .f.O S6 
~'~~-:4 1.92 0.96 0.64 .48 0.38 32 .'ll .24 .21 19 

23i-<2~-M 2.92 U6 0.97 ~.73 ,OSS .49 42 .:n .32 .29 
2J.i>2Ji,l~ 1.60 D.80 O.SS . .f.0 ,0.32 .27 .23 .20 18 16 
2~.!!X-?i 2.ag 1.16 D.77 .58 ,0.46 0.39 .33 .29 .26 .23 
2\i<2'4xx 1.28 U.64 1).43 .32 0.26 ,0.21 18 .16 0.1.f. .13 

IMx!~xn 1.20 060 D40 30 0.24. [20'~'!1 lfill.1S~t2 
tr.:d~xh OM 0.28 0 19 .I.f. .11 093.0.00 07rio.OO2o.U56 

2 .2 .t.- 1.60 0.80 O.M '" ~'32 0.27 23 .20 .18 16 2 r.2 xh 0.76 038 025 0.19 15 O.IS .II 0951)0840.076 

l}j:oI }o!ix;i 0.76 038 0.25 19 .15 IS ~.It ~.095!0.0Sl10.1Jl6 
13ix13i_h 0.42 0.21 ° 14 .IMO.0830.009,0.~~Q.05i.0.046,0.(1(2 
lX"d~~h 0.« 022 0.15 .I09o.087'o.073,D.~Offi,o.~O.O« 
IJ ~.I !4'.}I 0.20 D.10 o.06510.M910.03910.033lo.i025lo.OZirJ20 
I~dy,:'?f 0.35 017 0.120.0870.0700.1)580. 0«0.0390035 
l ~dX<,\t 0.16 O~ 0.0520.039o.0310.C126,0. 0.020'0.0170.016 
1 d x:( 0.22 01 1 0.0750.1l560.00i0.0370. 0$0.!l250.!l22 
1 d xH 0.12 0. 0.ll4lt0310.02510.0210.0181 016;00140.012 

~x ~'h 0.18 o.~ 0.ll440.0330.0260.0220.0190.017l0.015'o.013 
~x ~x" 0. 0.04 0.031:0.0230.0180.0150.013'0.012,0.010:0.009 *' ~xll 0. 0. 0.0320.0240.0190.016,0.014:°.0121°.01 10.010 
~x ~. , 0. 0.!llW 0.023,0.0170.0140.0110.01010.009,0.008,0.007 
" . %<}i: 0. 0. O.OI~o.OIl O.OO9,O.OO7,o.OOO,o.oo&p.OO5,o.OO4 
'Safe loads given include ,..eight o( Angle. Ma~imum(;oct 

strain, 12,000 lb:!. pe r square jno;h . Neutrnl Axi< th r<,,'gh l'Cnln:: of 
grn,' i ~ y parallel 10 onc Icg. 

"e 



OARNEGIE. PHIPPS '" 00 .• LlKlTltD. 

SAFE LO ADS, IN TONS, OF 2,000 LBS., UNI
!!'ORMLY DISTRIBUTED, FOR CARNEGIE 

ANGLES, WITH UNEQUAL LEGS. 

7 
7 , , , , 
5 , 

LONG LEG VERTICAL. 

SlIPI'GUI, II PDf. 

1.81 
0.92 
1.46 
0.75 



, CARNEGIE, PHIPPS'" CO .. LlVITIID. 
, 

SAFE LOADS, IN TONS, OF 2,000 LBS., UXI· 
FORMLY DISTRIBUTED, FOR OARNEGIE 

ANGLES, WITH UNEQUAL LEGS. 
SHORT LEO VERTICAL. 

• ... DIsnlCI InyU] sUPrO!n, " ,m . , ... ' 1 2 3 4 5 0 7 " I--'C 10 
- -

7 .a~", 11.84 5.92 .... ,." 2.37 1.97 1.69 L48 1.82 LIS 
7 l3}t'U I 5.88 ,.,. 1.96 1.47 1.18 0.98 0.84 0.74 0.65 0.59 
6 x4. 13.56 .78 4.52 3.H 2.7\ 2.26 1." 1.70 1>1 1.36 
6 .4 .~ 6.4.0 3.20 2.13 1.60 1.28 1.97 0.9\ 0.80 0.71 0." , 
6 .3~ • .* 10.36 5.18 .... 2.59 >0, 1.79 1.48 1.30 1.15 1.114 
6 13}i.~ "" .. , 1.64 1.23 0.98 0.82 .70 0." 0." ,49 
5 .4 .J1i 13.21 ,,. 4.41 a.31 .65 "" I." 1.66 1.47 1.82 , ... . ;Ji ,.,. 3.14 2.09 1.57 '" 1.05 0.00 '" 0.70 0.63 
5 .3)¥% to98 '.114 '.36 2.52 ." 1.66 1.« 1." 1.12 1.0\ , .3~.~ ." 2.42 1.61 "" ." .81 0.67 0.6\ 0.54 048 , .• 'U <96 3.48 .,,, 1.74 1." 1.16 0." 0.87 o.n 0.70 , ••• '.56 1.78 1.1\1 0.89 0.71 0.59 "" 0.46 0.40 0.36 

4J.1,.3 'U ." 3.42 '.98 1.71 1.37 1.14 0.98 0." 0.76 0.68 
4}S.a • '.52 1.76 1.11 0.88 0.70 0.59 0.50 0.44 0." 0.35 

, , ""'U 9.20 '.80 "'7 '.30 I." 1.53 1.81 1.15 I.'" 0.92 
.. .3}S. .. ", 2.33 1.57 1.18 0." 0.79 0.67 ,59 0.52 0.47 

" .3 xU 6.72 3.36 '" 1.68 1.34 1.12 0.96 0.84 0.75 0.67 

" .3 "(( 2.96 1..18 0.97 0.74 0.59 0.49 ... 0.27 0.33 0." 
3),;.3 ~ t <80 '.30 2." 1.65 1.32 1.10 .91 0.83 .79 066 
3}ixa ~h '88 1.« 0.96 0.12 0.58 0.48 0.41 036 0.32 0.29 

, 3~x2Ji'U '.96 1.98 1.32 0 ... 0." 0.66 0.57 0.50 0.44 tHO 
3Ji.2Ji. 1.64 0.82 0.1>5 OAl 0.33 0.27 02' 0.21 0.18 0.16 
3 ~4r2 .t! .. , 1.66 0.71 0.53 042 0.35 0." .27 0." .21 
3'4'.2 • 1.114 0.52 035 0.26 021 0.17 0.15 0.13 0.12 010 
3 x2Jix t, '.28 I." 1.09 .82 0.66 0.55 0.47 0.41 0." 033 
8 12),{.J.! 1.60 0.80 0.53 0.40 0.32 0.27 .23 020 0.18 0.16 

, 3 .2 aM 1.88 0." 0.63 0.47 0.33 0.3\ 0.27 02. 0.21 019 
3 .2 xlf 0.92 0.46 0.3L 0.23 0.18 0.15 '" 012 0.10 0.09 

~J.;.2 "X 1.84 0.92 0.6 \ 0." 0.37 0.31 0.26 0.29 0.20 0.\8 

'''''' .fj 0.80 0.40 0.27 0.20 0.16 ,13 0.11 0.10 0.09 0.08 
2',~.tJi'y. 1.04 0.52 0.35 0." 0.21 0.17 0.\5 0.13 0.12 0.10 
2;'xI}S.och 0." 0.22 0.15 0.11 0.09 0.07 0.00 0.00 0." 0." 
2 d ".\i' 0.48 0." 0.16 0.12 0,\0 0.08 0.97 0.00 0.(15 0.05 
2 >1" .1.- 0.36 0.18 0.12 0.09 0.07 0.06 005 0.05 0.04 0.04 

I~" 'y 0.20 0.10 0.Q7 0." 0.04 0.03 003 0'" 0.02 0.112 
.12 0.06 0.114 0.03 0.112 o.r,!! 0.112 0.01 0.01 0.01 1,,<1 .1 

• 
Safe loads given include weight of Angle. MnimuUl fibtr 

, lrain, 12,000 lb!< , \:T Slj"an: inch. :\cn\ra\ ax j~ throngh ce lllr,, ' r 
'ra,-il y I)-.ralle! \0 011" k g. 

US 



CARNEGIE, PHIPPS &: CO., LlMlTED. 

SAFE LOADS, IN TONS OF 2,000 POUNDS, UN!· 
FORMLY DISTRmUTED, FOR CARNEGIE 

TEES. 

• • • , , , , , , 
4 , 
3';.-1 

" 

3X'S 
3~,3 

3'i·3 
3',,3 

3 •• , ., 
3 •• 
3 
3 , 
3 

to.7 
9.1 

" 7.' 
6.7 
7.7 
6.' 

'" 9.7 
11.5 
9.0 
6.8 

!l.S 
10.7 
8.3 
7.6 

D:s!UClI l"'I'UlI SOmllrs, 111m. 

0.-17 
0.84 
0.38 
0.38 
0.38 

"" 0." 
1.2< 
0.97 
1.02 
0.79 
0.81 

&.r~ loads gi"en include weight or Te~. M .... <;"""'l r.bcr .'(m;n. 
I ~.OOO II ..... per Fluan:: inch. 

"9 



CARNEGIE. PHIPPS & CO .. LD41TED. 

SAFE LOADS, IN TONS OF 2,000 POUNDS. , UNI· 
FORMLY DISTRIBUTED, FOR CARNEGIE 

TEES.-Continued. 

Sare lolLds given include weight 01 T ee. :\I,,~imum fiber >Irolin, 
I ~,OOO Ibs. pet square inch. 



CARNEGIE, PHIPP8 & 00" LIMITED. 

SPACING OF CARNEGr.;:;] I BEAMS FOR UNI~ 
FORM LOAD OF 100 LBS. PER 

SQUARE FOOT. 

STEEL_ 

Proper Distance in Jeel, Center to Center of Beam. 

--
1~ 200 L I is'' I. 12" I . 1011 I. 

. " L 

Ii " " "I" • " ~ • ~~ n • ... , .. 1\11. 1\11. , .. , .. 1\11. 1\11. , .. , .. ... 
" 107.8 ,<.9 77.6 "'.6 62.' 41.9 ,<7 27.' 23.9 1&3 1&2 18.9 

" 91.5 72.. 68.1 M.' ·U.6 35.7 29.6 " .• 2 .. 15.6 15.5 liE 

" 72., 62.' 57.0 . ., ". 30.8 25.5 00' 17.6 1>5 I" I" 
15 68.7 M.' 51).0 . ., ." ,., 22. 17.6 15.3 11.7 11.7 .. 
16 ro .• 47.7 ... 7 85.8 29.' 23.6 19.5 15.4 13.4 10. 102 ,. 
17 ". . ., 38.7 81.1 26.1 00.9 17,8 107 11.9 9.1 '.1 .. 
I' 47.7 87.7 34.5 '" ". 186 15.4 12.2 10.6 &1 &1 .. 
19 42.' "" 31.0 25.' M.' 1<1 1::.9 11).9 9.5 7.' 7.' 5.5 
20 38.6 SO., 28.0 "" 1&8 15.\ 12.5 9.' 8.6 6.6 ,.S 5.0 
21 85.0 27.7 2;3 20.8 17.1 I" It> I·' 7.' ., ., '.5 

22 31.9 " .• ".1 1&9 15.6 '2.1 '0' &2 7.1 5.5 5.' U 

" 2,. 23.1 21.1 17.3 14.2 11.4 9.5 ,. '5 5.0 ., .. 
24 26.8 21.2 19.4 15.9 13.1 10.5 &7 .. ao •. s 4.6 .. 
25 24.7 19.6 17.9 14.7 '01 " &0 .. 5.5 '.2 '.2 ., 
26 2>9 '01 tn5 '"' 11.1 .. 7.' .. "I •. , U ., 
27 '" 16.8 15.3 , .. 1<' as 6.9 5.' '.7 '.S .. 2.7 
28 19.7 15.6 \.t.3 11.7 '.S 7.7 O. M ••• .. .. .S 
29 ,&4 14.5 \3.3 10.9 ., 72 " <7 <I at "' .. 
SO 17. 13.8 12.4 J 11).2 &4 S.7 ,.S U .. , 2.9 " 2.1 

ror load of::oo 11>5. per square foot, di"ide the spacing gi"cn 
by 2. Muimum fiber Slrain, 16,000 Ibs. per square inch. 

'2' 



CARNEGIE, PHIPPS & 00., LIMITED. 

SPACING OF CARNEGIE I BEAMS F OR UNI· 
FORM LOAD OF 100 LB8. PER 

SQUARE FOOT. 

STEEL. 

Proper Dis!anc$ In 'eel, Center to Center of Beams. 

I.! 8" 1 7" L 6" L 5" I. 4" L -. n • I " 20 I Ili ~ II I IJ " '" '" I 'I.' lbo. lbo. lbo. lbo lbo. !bo. , .. , .. , .. , 
j -

5 ,.. 6t.U OJ.' 47.0 4" 33.' ", 21.2 1&5 ". • 53.2 ." "I "" ,,3 23.2 1&6 14.7 11.4 &7 , 3Rt 31.4 ,.9 24.0 ,.8 17.0 13.7 1 10.8 8,4 SA 

8 29.9 24.1 "" 1&4 15.9 13.0 10.5 8.3 """"[4--r.9' 
9 "" 19.0 la, 14.5 '" 103 &3 " 5.1 3.' 

10 19.2 15.4 1>1 1t.8 10.2 &4 ., .. U 3.1 
II 1>8 12.7 las 9.' .. .. " ... .. " 12 113 to, 10.5 &2 ,.I 5.8 .. , S., " 22 
.3 11.3 9.1 9.0 '.0 .. '.9 '.0 3.1 2.' 1.9 
14 9.8 ,., ,., aD 52 '.3 .. ., 2.1 I.' 
15 as .. ., 52 .. 3.' S.O .. 1.8 I., 
!6 '.5 .. 5.9 4.' <0 3.3 2.' 2.1 I., 12 
17 M '.S ,., 4.1 3.5 .. .. 1.8 1.4 1.1 

!8 " '.8 <7 "' 3.1 , .• '.1 I.' 1.3 1.0 

19 .. U U &3 ., .. 1.9 1.5 1.1 

" " S., as .. 2.5 " I., 1.3 1.0 
21 <3 S., .. ., 28 1.9 " 12 

" <0 ., at .. '.I I.' 1.4 1.1 

For load of too Ib$. per square foot, divide the spacing given 

hy 2. Maximum 6ber strain, 16,000 Ills. pet square inch. 

122 



I 
CARNEOlE, PHIPPS & 00 .. LfMlTED. 

SPACING OF CARNEGIE I BEAMS FOR UNI· 
F ORM LOAD OF 125 LBB. PER 

SQUARE FOOT. 

BTEEL_ 

ProfIU Dislanoe in reet, Center 10 Ccn!tr or Beam!. 

!l 
, 

20" I . Ib'" I. 12" I . 10" I. 9" L 
.i,~ 

n • • -\"\" " • • • r~ ';F ,~ ,~ ~~!bo. ... ,~ ... ,~ lill. lbo. 
.. - - !---

12 83.9 61.9 "'-, "-9 .12 83.' ".8 21.9 19.1 14.6 14.6 11.1 

" 
73> 57.8 .... . .. 85.7 .... 22.7 1&7 ,<3 ,2.5 12.4 .. 

" 63.' 49.9 .... 37.' SO:1 24.' .... , .. 1.u I", 107 &2 

" 55.0 43.5 83.7 ". 26.8 21.4 17.8 14.1 ,2.2 ••• 9.' 7.' 
16 ... , 88.2 34.9 f8.6 ,.. 1&9 15.6 12.3 ~ &2 1 &2 6.2 

.. "I .... 17 42.8 33.8 ,0.9 ,&7 18.8 11.0 ,. 7.3 7.3 5.' 
IS 88.2 802 27.6 22.6 ,&6 14.9 '''~ 8.5 6.5 .. '.9 
19 84' ".1 24.8 2M 1<7 , .. 11.1 8.7 7.' '" '.8 ••• 
20 ".9 24.' 22.4 18.8 '"0 "1 ~ 7.9 ., ,., '.2 •. , 
" 28.0 "" 2(1,3 16.6 ,., 11.0 9.0 7.1 ., '.8 '.8 '.5 

22 '5> ".2 ,&6 ,>I '" 10.0 ., 
" 5.7 ... '.3 '.3 

22 22 .• ,&5 1<9 1&9 lU '.1 7.' ., ., '.0 '.0 ., 
24 '" 17.0 '" "7 I"~ .. 7.0 .. '.8 '.7 • •• 2.8 
25 19.8 15.7 14.3 11.7 9.7 .~ , .• 0.0 .. .. • •• .. 
" ,&8 , .. ' 3> to.8 ., 7.1 ., <7 4.1 " " .. 

, 

'a 17.0 lS.4 '" 10.1 ., 
" " '.3 " 

., ., 22 
, 

28 1>8 It, l U , .• 7.7 .. " '.0 .. ., ., ., 
29 14.7 11.6 10.6 ., 72 5.8 '.7 " , .• .. .. I.' 
30 13.7 10.9 '.9 &! &7 5.' •. , .. '.0 .. 2.8 1.8 

I 

For lo.o.d of 250 Ills. per ~uare foot, (\i"ide the $pncing gi-'~Il 

bY'. Ma~imllm fiber Slr.lin, 16,000 11:>9.. per sqllare in<.:h . 

, 
'23 



CARNEGIE. PHIPPS &. CO., LIMITED. 

SF A CING OF CARNEGIE 1: BEAMS FOR UNI· 
FORM LOAD OF 125 LBS. PER . 

SQUARE FOOT. 

STEEL. 

Proper Distance in Feet, Center 10 Center of Beams. 

11 8" I. 7" I. 6" I. 6" I. 4" I. 
J.!! -

Ii • I " • 15)", " " "T" " iii 11& I .... , .. , ... , .. ,- I .... 11& ,-
48.5 1 37.6 21.4 1 17.0 

- --

5 61.3 49.3 32.' 2<7 13.2 10.0 
6 42.6 34.2 33.7 26.2 2M 1&6 14.9 11.8 9.1 7.' 
7 31.3 25.1 24.7 19.2 '"' ". 11.0 &6 ~...!!.. 
8 23.9 19.3 19.0 14.7 It7 10.4 .. 6' 5.1 3.9 
9 19.0 15.2 1.0 11.6 10.1 &2 as 5.' • .1 .. 

10 15.3 12.3 1&1 9.' at '.7 5.' <2 as M 
II 12.6 10.2 10.0 7. ., 1i.1i ••• 3.5 2.7 &! 
12 10.6 .. .. .. 5.7 '.6 3.7 '.9 2.3 I. 
!3 9.0 7.3 7.' 5.' •. 8 3.9 " M 1.9 " 14 7.86.3 6' '.8 U .. 2.7 .. 1.7 I.' 

15 .. 5.' .. '.2 3.' '.0 " 1.8 I.. I.! 
IS 60 •• '.7 3.7 ., 2.' '.1 1.7 1.3 1.0 
17 5.3 '.2 '.2 as 2.8 2.' I. I.. I.! 
18 .., 3. as 2.' 2.5 '.I 1.7 I.' 1.0 

to '.2 3.' .. " 
., 1.8 1.5 1.2 

20 as 3.1 ., .. " 1.7 1.3 I.! 
2t .. " 2.7 .. 1.8 1.5 1.2 1.0 . . 

" " .. M I.' 1.7 I.. I.! 

-
For 1000 or 150 lb;. per $quare foot, ,Ii"ide the spacing given 

by 2 . ~laxin)ulll fiber strain, 16,000 Ills. per $quare inch. 

>24 



QARNlIlOt}1: . PHIPPS & (":0 .. LlMlTED. 

SPACING OF CARNEGIE :z: BEAMS FOR UNI~ 
FORM LOAD OF 150 LBS. PER 

SQUARE FOOT. 

STEEL. 

Propu Dis1aDoe in Feet, !lenIN 10 Center of Beams. 

- - -,.I 20" I. IS" I. 12" I. 10" I. 9" I . 
I" n .. .. • • • " ~ SSI25X f7 J 2! , ... , ... , ... , ... , .. , ... I .... !IIL IIIL 1111. 1111. ~ 

- -
" 11> 56.6 51.8 t2." 84.9 27.9 23.1 1&8 15.9 12.2 

"lUi t3 61.0 '" 44.1 88.2 29.' ".8 19.7 15.6 13.6 10.4 to.3 7.9 

" 5,.. 41.6 88.0 8t.2 20.6 20.5 17.0 18.5 11.7 8.0 8.9 6.8 
t5 ... 86.2 33.1 27.2 22.3 17,9 1".8 11.7 IOJ! 1.8 -i! '.S 
t6 "3 31.8 29.1 23,9 19.6 15.7 taO 10' 

., 6.9 6.8 U 

t1 "-, ." ,,8 I,!.! 17." 18,9 11.5 9.1 1.9 " 6.0 4.6 
t6 81.8 25.1 23,0 18.9 15.5 12.4 10.3 " 1.1 ... , .• '.1 
to 2&5 22.6 20.6 16,9 14.0 11.1 9.3 1.3 .. '.9 '.9 '.1 
2tl 25.' 2tl .• 18.6 15,3 12.5 10.0 &8 .6 '.1 ••• ••• " 2t "" 1&5 16.9

1

13,8 11." 9.1 '.5 &0 5.2 '.0 3.9 ao 

" 2t.3 1&9 10.4 8.' " '.5 '.1 '.1 .. 2.1 15,4 12.6 

" 19.5 15.' 14.0 11,6 •. , 1.6 .. 6.0 '.3 3.3 3.' .. 
" 17.9 14.1 12,9 10,6 ., 1.0 6.S '.6 '.0 3.1 3.0 ., 
25 1<5 13.1 11.9 9.S at 6.' •. , '.2 '.1 2.S .. " '" '" 12.1 Tf.O '.0 1.' 6.S ••• , .• , .• '.6 2.6 .. 
27 14.1 H,2 102 R< .. .. '.6 3.6 " .. 2.' I.S 

" l>t IDA .. 1.8 .. " ... 3.' ., ., ., t.7 
29 1<3 S.' ., 

1.' &0 ' .S '.9 3.1 ., 
" " 1.6 ., It. 9.1 .. 6.S ,., 

" '.1 ., .. I.' t.9 1.5 

For load of 300 Ibs. ]leT !lC\ua~ foot. divide the spacing gi"en 

hY' :\[lIx;mum f,ber strain, 16,000 lb!. peT $(]ua~ inch. 

I ... 



CARNEGIE, PHIPPS & CO., LIMITED. 

SF ACING OF OARNEGIE r BE.AMS FOR UNI-
FORM LOAD OF 15 0 LBS. PER 

SQUARE FOOT. 

STEEL. 

Proper Disi&no& ill Feet, Cenltr 10 Center /}f Beams. 

rn 8" I 
7" I. 6" I. Ii" I. .j,UL 

l·!! 
l 12 !S ~F ~ !3 I !G iIt J,~~ " lhl. lhl. lhl. lh1. lhl. lbo. to. 

Ii 51.1 141.1 

f-- - ----

.(0.4 31.3 27.1 22.3 17.9 14.1 11.0 .. 
6 35.1i 128.5 2&1 21.8 1&9 15.5 12.4 '.8 7.6 '.8 
7 26.1 20.9 W., 16.0 13.9 11.3 '.1 " '.6 '.3 
8 19.9 16.1 15.8 12.3 10.6 &7 7.0 " '.3 3.3 
9 15.8 ! 12.7 '" '.7 .. ., 5.5 •• , .• " 

to 101 7.9 6.8 &.6 .. 8.' '.7 "' 12.8 , 10.3 
II 10.5 .. .. ,., '.6 '.6 

., ., ,., 1.7 
12 ., 7.1 I-~ 

,., '.7 '.9 " .. I.' U 

" 7.' 6.1 M 1:7 '.0 '.3 
., ,.I 1.6 I.' 

" 6.' ,., ,., '.0 8.' '.6 
., 1.8 t.4 t.1 

IS '.7 '.6 •. , 3.' 3.0 ,., " 1.6 12 0.' 
16 '.0 '.0 ., 3.1 2.7 '.2 1.7 l.4 t.1 
17 ••• 3.5 ,., ., 2.3 1.9 I., 1.2 1.0 
18 3.' ,., '.1 " "' 1.7 , 

t.4 t.1 

19 ,., ., 
" 

., 1.9 I., I., 1.0 

"' 32 " 
,., M 1.7 t.4 1 l.l . . 

21 ,., .. 2.3 1.8 I., 1.3 1.0 . 
" 2.6 2.1 at 1.6 t.4 

1.1 I' 
For load of 300 Ibs. per !!quare foot, divide the spacing given 

b". Maximum fiber strain, 16,000 lbs. per square inch. ... 



CARNEGIE. PHIPPS & CO., LlMITED. 

SPAOING OF CARNEGIE:t BEAMS FOR UNI-
FORM LOAD OF 175 LBS. PER 

SQUARE FOOT. 

STEEL. 

Preper Distance in Peel, Center 10 0eD.1et or Beams. 

Il 20" I. 1li"I. 12" I. 10" I. Il" I. 
I' 

BOieo Ii • .. • .. ~ • ts·" "I" , ... , ... IbL i lIL , ... ,,.. IbL IIIL , ... , ... .. , ... 
12 61.3 .&5 : 186., 29.' 23.. 19.8 15.7 13.7 10; 

lO'm 18 "" '1.8 87.8 )31.0 2,. OJ.' 16.9 tU 11.7 8.9 8.9 6.8 

" .(S.O .'" 32.6 26.7 21.9 17.6 1.(.6 tI.S 10.1 7.7 7.7 5.8 
15 3\1.3 31.0 "" I"" 19.1 15.3 12.7 10.1 ., 

'7 ~...!!. 
16 ,U 27.3 25.0 2M 1<8 lS.5 11.2 8.8 7.7 2! 5.9 U 
, 

17 , ... ".2 22.1 1&1 1409 11.9 '.9 7.8 ., 5.2 5' '.9 
18 27.3 21.6 19.7 16.2 1", 10.6 ., 7.0 '" '.6 '.6 3.5 
19 ".5 lU 17.7 1.4.6 tl.9 9.5 7.9 6.2 5.' •. , •. , 3.1 
20 22.1 17.5 16.0 13.1 10.8 as 7.1 6.6 '.9 as '.8 '.9 
21 '0.0 1<8 1.4.5 11.9 9.8 7.8 6.5 6.1 '.5 , .• , .• 2.6 

22 1&, 1M 13.2 10.8 &9 7.1 " '.7 U ,.1 '.1 as 

" 18.7 132 12.\ 9.9 &1 8.5 6.' '.3 ., .. .. 2.2 

" lCi.3 12.1 11.1 9.1 7.5 ., M 3.9 3.' 2.6 OS .. 
25 14.1 112 10.2 .. 6.9 6.6 '.6 '.6 U 2.' 2.' 1.8 

" lU 10.3 '.4 7.7 6.' 5.1 •. , '.3 
., 

2.' .. 1.7 

27 1<1 9.6 .8 7.' 5.9 '.7 '.9 ,.1 ., 
" " 1.6 

" 11.S &9 .. 6.7 6.5 ••• '.6 2.9 2.5 1.9 1.9 1.5 

" 1", &3 7.6 " 6.1 '.1 B.' 2.7 .. " 1.8 U 

" 9.8 7.8 7.1 '.8 ., '.8 .. " .. 1.7 1.7 1., 

- -
For load of 350 lbs. per S(juare foot , di,·ide the spacing given 

by 2. Maximum f,her strain, 16,000 lb$. per square inch. 

"7 



CARNEGIE, PHIPPS & 00., LWlTED. 

SPAomG OF CAltNEGIE :I: BEAMS FOR UNI-
FORM LOAD OF 175 LBS. PER 

SQUARE FOOT. 

STEEL. 

Proper Distano& in feet. Oen\er to Oenler of Beam&. 

f1 8" L 7" L 6" L 5'/ L 41' I. 
I.!! -n • " • ,,~ " " " .. .. i~ ,~ ,~ ,~ ,~ ,~ ,~ ,~ ,~ ,~ 

, , ". 85.' .4.6 "-, ".3 \9.1 , .. 12.1 , .• 7.' 
S .... , ... ".0 1&7 '" 18.8 'M .. .5 ., 
7 ,., ,&0 17.7 ta7 11.9 ' .7 ,. . , •• '.7 

• 17.1 18.8 18.5 to5 ,., ,. ., '.7 ~: as 
9 ,ao 10.9 11).7 ., 72 ,., '.7 ., 2.2 

to 11.1) &8 .. '.7 5.' ••• 3.' '.0 .. , .• 
It .0 7.3 7.' ••• ••• ,., 3.' M I.. 1.5 

" 7.' ., .0 '.7 U ,., ., 
" 1.7 1.3 

t8 .. ., ,., <0 , .• as .. I.' t.< 1.1 

" 5.' '.5 ... , .• '.0 .. 1.' " 1., 0.' , 
15 ••• ., &8 '.0 .. " 1.7 1.3 1.0 
to '.3 8.' M .. .. 1., 1.5 1., 
17 as '.0 '.0 .. '.0 1.7 1.3 1.0 
18 .. ., '.7 

., I.' " I., 
to '.0 .. .. 1.' 1.' 1.3 t.t 

" .7 ,., .. 1.7 t.< 1.' 1.0 . 
" as ., 

1.' " 1., t.t . 
" .. 1.' 1.' 1. • 1., 1.0 

FOI" load or 350 Ibs. per sqUlU"e foot, di ... ide tbe spacing given 
by>. Maximum fiber strain, 16,000 Ills. per square incb. 

1:18 



CARNEGIB. PUI1'PS &: 00 .. LIMITED. 

EXPLANATION OF TABLES ON THE P ROP
ERTIES OF OARNEGIE :I AND DEOK. BEAMS, 

OHANNELS, !Zi BARS, ANGLES, S 'fARS, 
TEES, TROUGH AND OORRU

GATED PLATES. 

(PageJ 137 to 153, inclusiye.) 

·llIe tables on I Bealns are calcul:ued for the minimum weight 
to which each pattern can be rolled. l be tables for Channels, 
Deck. Beams and Aneles are calculated for the minimum and 
maximum weieht5 of the various s11!11lCS, while the ]>rollCrties of 
Z ban are given for thicknCISCI differing by -I, inch. The above 
ahapes can all be furnished in any weight intermediate between 
the minimum and tn.a)I;;mum weightll given. 

For Tccs and 51....." each shape can be rolled to one weight 
only. 

Colwnns II and 1 J, in the tables for I and Deck Hearns 
and Ch,umels, gi\"c coefficients by the help of which the 

.....re, uniformly distributed l04d may be readily and quickly 
determined. To do Ihis , it is only ne«uary to divide th" 
coefficient given, by the Ipan or distance between IUpports in 
feel. If the weight o f the section is inlennediate bel_ten the 
minimum and maximum _eights giytn, add 10 the coefficient for 
the minimum weight, the value given in coillmns 12 or 14, (fOl" 
one pound increase of weight,) mllltiplied by the number o f 
Jlounds the seetion is hellvier thlUl the minimllm. 

If a IeCtion is 10 be se leded, (as will Il.>ually be Ihe case,) 
intellded to carry a certain load, for a length of Ipan already 
determined on , it will only be ne«uary toasccrtain the coefficient 
which thill load and sp.m will require, and refer to the tahle for 
a lKtion having a coefficient of this ... Iue. 11te coefficient is 

obtained by multiplying the load, in pound5 uni formly dist rib
uted, by the span lcnl,"-h in feet. 

In cue the load i~ not unifonnly d ist ributed, but is colleen. 
tnlte(\ 3t the middle of the span, multiply the load by 2 and 



CARNEGIE. PHIPPS & 00 .• LIMlTBD. 

then consider it as UDifonnly di5tributed. The llefledMln ",ill 
be hths of the defltction for the lauer toad.. 

For other QI.'IeS of loading obtain the bendiog moment in fl 
Ibs. (the ITlOIIt common ~ are gil'en on page 134); 
lbi5 multiplied by 8 will give the cocfJ:cimt required. 

If the loads are quiesunt, tbe coe/hcients for a fiber stnin of 
16,000 Ihs. per square inch for steel, and 12,0IXI Ihs. for iron, 
may be used; hut if moving loads nrc: to be provided for, the 
coefficients for 12,500 and 10,000 Ibs., respect ively, should 
be taken, Inasmuch 8.!1 the effeets of impact may be \"~y con
siderable, (the lilrain~ produced in an unyielding, iudaslie 
malerial by • load suddenly applied, being double thO$(! pro_ 
duced by the $arne load in a quiescent state). it willlIOmelilIlt$ 
be advisal>le 10 use still smaller fiber $trains than those gil'O':D in 
the tables. In such cases, tbe coefficients can readily be de. 
termined by proportion. Thus, for a fiber strain of 8,000 Ibs. 
per Iq .... au: incb, the coefficient will equal the ~fflCieDt for 
10,000 IbJ, liber .unin, from the table , multiplied by IIthJ. 

'Ille momentJ of resistance given in oolumn 9 lITe used to de
tennine the tiber strain per squanl inth In a beam, or other shape, 

subjectt'tl to bendIng or lrnnsvcr.;e strains, by ~imply tlividillg 
lbe _ intq the bending moment expressed in inch.pounds. 

The table ()II tIle jlloperties of Carnegie T shapes is modeled 
.. net lbe foregoing, and will, therefore, scarcely require explana· 
tion, The boriwnul portion of the T ;1 called the flange, and 
the yertical. portion tbe stem. In the case or the neutral ;ujs 

parallel to the flange, there will be IWO moments o f u.istaoce, 
aDd the amallt!' is given. The liblor strain calculated lrom it 
will, therefore, giyC the larger of the two au.;nJ in the extreme 
fiben, lince th~ strains are equal \0 the bending ID2ment 
divided by the moment o f resistance of the $l'!clion, 

For Carnegie Z bars, oompletc tables of momentJ of inertia, 
moments of rcsistnnce, radii of gyrntion and values of the 
coefficients (C) art: given on pages t 45 and 146 for thickot$Se5 
varying by .fr inch. These ooefficientJ may be applied, 115 ex
plained above, foe eases where the Z IxIN are 5Ubjected to IraDl
verse loading, as, for example, in the case of roof-purlins. A 
table of safe loads of Z bars i~ given on page [ tS· 

"'" 
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For IUlgl~, !h~TC will he two momer\!5 of resi$tancc for 
c3ch po.siliQn of the nNtral uis, ,ince tbe: distance bet"'een 
the ncutral axis Bnd the extreme liben has • different .,.Iue on 
one side of the ltJ<i~ from whBt it luu on the other. The moment 
of resistance given in the table is the smaller of these Iwo 
'-alues 

The usc of the radii of gyration will be explained in con
nection with the tables on the !trength of wrought ir(ln columns. 

Colwnn IS in the table of the l'ropertia or Carnegie Chan
neb, gi,-ing the di"lance of (he cenler of gravity of eha/mel 
from the outside of .... eb, is U3e(\ 10 ol>lain the radius of gyration 
lor wlumll5 or IIlruts consisting of IWO channels IlUticed, as 
rt:pmiC'flted by Fig,;. Il an,\ ' 3. pagf.: 59. fortheeueof the neutral 
axis JlOUSing through the ccnt~r orthe CI"O'<lI section paralle l to the 
webs o f the d"ullu::is.. This rndius of gyration is equlIl lo tbe 
distance bt:t"-een the cenltt of gravity of the channel and the 
center of the section, i . t., nq;-ll!<:ting the IIlQmenlS of ioertill o f 
the channels 1lI'(l1lnd their own llXCII, thereby introducing _ .light 
error on the !ide of wety. 

These tahlCII h_~e all been ~pared .... ith great cart!. No 
_ppro:o;imlltions hlwe entered into lilly of the calculations, so 
that the figures ~ven may be relied lIpOIl IL'i aCC\IrILle. 

EXA~ll'LES OF Al'PLICATIOX OF TABLES. 

I. What ~tion of steel beam will be required to carry 

40,000 Ibs., uniformly distributed, inc:luding its olVn weight,o .. er 
I. span of 16 feet bet .... eell supports, allowing • fiber strain of 
16,000 ItIs. per $(lunre inch? 

AnntNr; The coefficient (C) required """ 40,000 X 16 = 
640,000. 

From table for IS" 1-41.0 lin., C = 6oJ,200 Ills.; hellee 

the " 'eight of the 5eCtion mU$l. be iuerused: 6.j.o.(lQ()-()(IJ,200 ,800 
= 4.7 1b5., i. t., the beam rt(luired will be _ IS" steel I, 45.1 
tbs. per foot. 

II . What lo.d, uniformly dj,;tributed, .... ilI a 6'; iron Z bar 

carry, weighing 18 Ibs. peT foot and ~asuring 12 feet betweeo. 
IU,'OOrts, with II maximum tiber stmi" of 12.000 lb • .? 

,., 
, 



CARNMn~~, PHIPPS & 00 .. Ll)(IT&O 

AIU'ItWf'." hom table on page 145, the coefficient (C) fOl' a 
6"' Z.bo,r, IS lb3" - 78,600. Hence the SlIfe load =-78,600+ u 
01' 6,550 Ibs., indudiug weight of Z.oor. 

III. A light 4~ X 3~ angle iron ."eighing 7 It:.. ptt foot, 

spowning 4 feet, is lOIded .... ith 1,000 Ib$. at eentet". What will 
be the maximum fiber $train if the 4" lIange is in a 9enicaJ 
IX"'-ition? 

A"nwr: !lending moment = 12,000 ioch.pounch. 
From table, moment of resistanee _ l .lJ. Therefou, maxi· 

mum fiber strain _ 12,000 OT 9,756 Ib$., .... hich is the IU'ain 
l .lJ 

furthest from the neutrai axis, i. e. , at the end of the long liang<:. 

SPECIAL CASES OF LOAD ING. 

1. Bum loaded at a point distant "a" feet from the left 
hand and "b" from the rigbt band support by a single 1<*1. P. 

I = length of beam between IUppotts = a + h. 

Preuuu or Rrodion at left. hand 

right hand SUllpOrt_ I'" 
I 

Jlfa..riJ"um In.di"g mome"t, neglecting dead 'Neight of 

beam, occurs at point of application olthe 1--' and _ ~ 
I 

p- (load given in tables, pages 106 to 120) X ~ 
8.b 

When,, _ b_il, 
. P . . PI 

Rnul"", __ ; ""In",u". hmf."Z "'1"''''''/:3_ and P.". , . 
tOld gi .. ro in tables X >,. 

II. Beam fixed at one end and unsupported at the otbeI-, 
I ~ting the length of beam from end to support. 

If loaded by a uni formly diittibuted loa.d W, 

M4n·",U". ,"tIding ",_u,,' occurs "t support and _ ~ , 
W.",. (load gi .. m in tables, pages too to Ilo) X J(. 
If loaded ... ith a single load I' at its utn::mity , 
MlJximum ,""fli"K mllmnol oo:<:urs mt support and _ I'\. 

P_(load given in tables) X ". 



CARNWIF.. PIlIPPH &: 00 .. LIMITKO. 

GENERAL FORMUL£ ON THE FLEXURE OF BEAMS 
OF ANY CROSS-SECTION. 

Let A == acea or &«lion, in Iquare ioche$, 
1 _ length of SPllII , in inches, 

W _ load, uniformily distributed, in 1b5., 
ltI = bending moment, in iuch.pound$, 
b .", height of crou-.ee(ion, out to out, in inches, 
II .... di$tance of center of gravity of HClioo, (rom lop or 

from bottom, in inches, 
• _ linin per square inch in extnme fibers of beam, either 

lop or bottom, in Ills., according as n relLlet to di5-
lanCf! (rom top or from bottom of IeClion. 

D = rnuimum deflection, in inches, 
I _ moment or inert;'" of section, neutr.l ax;, through 

«:nter of ~llIvily. 
1'_ moment of mertia or section, neutral axil »Ioralle! to 

above, but DOl through center of gravity. 
d _ distance belween that: neutn.l u es. 
R ,.,. moment of re.istance, 
r _ radius of gyration, in inches, 
E .. moduh15 of eluticitr.' (for wrooght iroo, assume 

27,000,000. for Itto!, 19,ooo,ooo.) 
I . / -y-

Then: R - ----n--' r - J' -r 
,, _ _ ,_, _ _ sR, 

, 
:Mn M 

, - - -,- - - -R-' 

W_ ....!..!!...- _ ~R. 
" , 

Win WI 
, - -,-,- - SR' 

1' = 1 +Ad1 , 

D _ 5 WI ' COl" bum supported at both endt and uni
J84 El fonnly loaded. 

D _ ~ Co.- beam supported lit both ends and loaded 
48 El with. single 10IId I' lit middle. 

D _ W1' (01" beam fixed at one end and Wl$Uj1pOl1ed 
8 EI at the other and uniformly loaded. 

D _ ~ £01" beam fixed at one end and unsupported 
3 EI at other, and loaded with II. lingle load Pit 

the latter end. 

. "" 



CARNEOlE. PHIPPS &: CO. LIMITI II 

BENDING MOMENTS AND DEFLEOTlONS OF 
BEAMS, UNDER VARIOUS SYSTEMS 

OF LOADING. 

\V_tolal I~I. r I moment of InMia. 
I length of bum. E - moo:l"I,,'1 of da.o;ticity. -

(I.) Be.un ftxed .t one eod IIId (a ) Beam htcl .t oae and &nil 
loaded" tile otll&r. IllIiCorml7 loaded. 

Jl I 1 ~.QQ~QQ.QJ)~~ 
. I I 

!'>:ote Load_~ ,ha, einn in ",bin. s...fe .load_1!. 'hI ely"" In "'blea. 
l lu;mum bend .... mom.cn, u point MaxImum nd,,,,, mOm"" a. point 

W, 
er"'pport_ WI. or ... ppon., 

lluilllDm _hoar at poin .. or .... r· M ... ~illl .... lba. .. poin. or oup. 
~, W port _ W. 

W" .". 
DdIe<'ioa- m D.tl\ectloo- tt i 

(t ) Bum upporled .1 botb enda, ('.) Bum IIIpporttd .t botb Md, 
l iorle load ia tile middle. IDd llIi1lrl1U7 loaded. 

Q 

~ 
OQWtQQQCitQQ'!iI 

!II 1 \11 I 
Sale Ioad-K tha. c\...,n In tables. Saf.load-tb~t f.lv .... In tabl ... 
)I~.imom bendin/: moment a, middle Ma.llllum bend De "'"",eot a . middle 

WI WI 
ofba ... - 4 oCbeam_·

I
_ 

)Iu-hnum ' har . , point< of o~t>- M,uimo .. • hea • • , polo .. of .up. 
po<t_~W 

PO"-KW""I I WI' 
o.flealon .. . U :I- l)eflcctlonlii •. i 

l5.) Beam IIlpported.t both end., 
liarle DOS7llD11tricalioad• 

('.) IItuIllIpporied at kith ends, 
tWO " mmllricalload&. 

IF W ,'3 
~w 'li 9 If-+? ,. r 

sore l""d_th~1 c\y .... In labl"X
bb I 

~b~ln'UI~ bendinll o",mon, .- Safe load-that .l~m In tablesXii 

load_~ Maximum b<.!>din, _mont 1>0:.",_ 
l""d._}oj;Wa. 

~Ia~bu", .hun: •• oup~ .... u Muimum ...... 00"'_ load .. .01 
• -T; at"'hc· ... p~-T ..u"· III>ppon-XW • 

Wab(2l-::::!l~- W. 
Max. Doftcc.- 'tll ~a(JI_) !oI ... ~. Ddlec:tJ..,,-4iEi(3tI_S) 

'" 



CARNEGIE, PllIPPS & 00., LIMlTEO. 

VALUES OF MOMENTS OF INERTIA FOR 
CARNEGIE SHAPES. 

I-Moment of Inertia, neutral axis poralld 10 flange. 
1'- " " " " " ,. " web. 

-
h-I 

'--- L" H.~Uer-r-b--1 

Til 
I-l! [bdJ _..! (h'-I'l] I .". ... 'I 

r -Ui 
., 

1'-11 [bat d-h )+11 J +: (b~-t ')J ~ ., .. -o-."..:"-'" 

-- -
h_1 

frt:; 
Area- A- 2bs+ht-!-(b-tH'2 ) 

r :.,,! h_l 
. . , Battcr-r-2(b--tj 
! ': i 
t " 1 + ~ x- b '5+ ){htt + X r(b-t) J (h+21. )+. \ , LlL' . , 
; .. ~ 1 1 , . t· I-t'J[bd '-g;:' h4_J4)] 

,"."tb".-01 

I'· . J.;;[2sb'+lt' + ~ r{b"-t ~ )]_.\ ~ J 

---1r-, . 
. ~. : i 1 _~, [hd'-&{h_~d)Sl t ? 

.... J/-..;, [d(b+e)'-2he'-6hch'J 
;' .. IT -, - -_. 

lr-, , t(2h+b)+h' 
j 1 ~ ,-

!(h+h) "I ---j--;-
T-%:[bx' +t(d-:< "-(b-t)tx-tp I 

;-..~ .. - """'" 

"'" 



C:AIlNOOIL Pi:lIPPS &. co .. 1.I:MlTKD. 

V ~LUES OF I (1L"lm!In1 of IDIriiI~ AND R (M)D)SI of 

~~FOR USUAL SEarIONS. 
. 

"KM"IO:<8. I R 

~ .• '.] hO' b>' 
I=I! -. 

-- --

L'.~] I; bb' 
~T 

- . ..• ~] ... k bill 
I=lr -Y( 

-

~ J'- bh' -1!' 

.... I_d· ." . "!4 -or 
;:(I.tl491 d' '-= 0.098I! d' 

£E b.b'-~'II" I &.. . • t I~ 
12 lI •• 

--0:.' I =O.1H91 (d<-4'. ) 

.... ~ '''I o.098! '- 1 

~1 I""" b'II ' +bD" (b-b,)a' Min.=L , • 

~ 1- bb*-2b'II" I 
- i~ "" 

A. Denotes po~iliun of nelllral axis . 

. '" 
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PROPERTIES OF OARNEGIE ~-BARS. 
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PROPERTIES OF CARNEGIE ANGLE BARB OF MINIMUM AND MAXIMUM 
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OARNEGIE, PHIPPS & CO .. LIMITED. 

PROPERTIES OF CARNEGIE ANGLE· BARS 
OF M.A.XIMUM AND MINIMUM THICK· 

NESSES AND WEIGHTS. 
ANGlt:1I WITH eQUAL LtGS-UION 01lt &TItItL . 

W~ghls inltble are lor iron; kr 5tetl.dd 2,% . 
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PROPERTIES OF OARNEGIE T SHAPEs-mON OR STEEL. 
Wel&hb ill lab!e are br ireD; fJr &letl add !l:f . 
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PROPERTIES OF OARNEGIE T SHAPES-mON OR STEEL. 
Wei(hll ill t&1I1ean 111 iroll; br _1 add. 2%, 
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UARNEUIE. P1nPPS &; OO~ LIMITED. 

PROPERTIES OF CARNEGIE STAR SHAPES. 
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PROPERTIES OF CARNEGIFl TROUGH PLATES. 
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CAHN~;';)l. PHWI','; & 00 .. LIMITED. 

EXPLANATION OF TABLES ON 

STEEL.BOX GIRDERS. 

An ea:)nomi(::1I.'yie of Ix»; girder, we!! adapted for shan. apaD 
length!!, i~ one oom[lOlCd of a pair of I heanll with top nnd 
\,I.)ttom flange plates. Such girden. an: commonly used (or sup
porting interior walls in buildingt. lbe tablcs were prtpou-ed 
(or stu/ girde". owing to the ad"amages ~ by 51.ee l beams 
over bearllll of iron. T he ronner are more tt()nomicai of aection 
and permit the 1I.'\e of II higher unit strain thllI! the latter. 

The ... Iues gi.~n in the abies ue founded upon the momeD.~ 
of inertia. of the variou. .ections. Ded~ ,.'ere made lOr the 
rivet ilOiCil in both /lange!!. The maximum lllrain in extreme 
fillers WM limited to 13,000 Illil. ptl' &quare inch, while in the 
!abIes on rolled steel beams" fiber.r;tta.in of 16,000 It.. WII5I15ed. 

This reduction Wall made in OO'der 10 amply compensate for the 
deterioration of the metal around the rivet holes from punching. 

Do~ girders should not be us.ed in damp or exposed places, 
since the interior surfxes do DOt readily admit of repainting. 

E XAMPL E. 

A 13" brick wall , IS feet high, is to be bui lt over an 
opening of 24 feet. What will be the ~ of the girder 
~uired? 

A,uw .. ,.. ;-Assuming 25 feet u the di$tatlce, center to centr: 
of bearin~, the weight of the Willi will be 25 X 15X 121=45,)15 
11lL, or 22.68 ton$. 

On pqe 156 ,,·e find lhat • girder compo::llCd of two u n 
aleel beams, each weighing )2.0 1b5.. pet foot, and t .... o 14" 

X~n Hange plates will carry anfely, for II filXln of 25 fed , a 

un iformly distributed load of 2)2) tons, inclllding its own 
wcighL Deducting the latler, 1.42 tons, giw:n in the next 
column, we lind 21.8 1 Ions for the value of the .$afe nelload, 
which is 1.07 tons I~ than required. From the following 
column we lind that by increasing the thickness of the /lange 
plates -11" we m2yadd I .p tons to tbe allo,,·.ble load. This 
will mOTe than cover the difference. lienee the "'luire<! lIeCI.;on 
will1.>e two 12" steel beams 32.0 II... per foot , lind two 14" X 
II" 5I.eel CO' eI" plate&. 

, .. 



, f')'~i·IC''''OO. ~,\l'j ;:0 

STEEL BOX GIRDERS • 

• ArE LOAOS I N T O N S. VN H'O Il MLV DISTA l aVTIO. 

2- to" Steel :r Beams aDd 2 S*l. Plalfle; 12" X){ " 
. .. 

~ 
IHi" 

n ~j 
j "·'n""'" l SI6ol. 10" SItOl ," 

r"1OI. ho~ - ,- H' 
i~ 

~X~ IS,$ 1\10. 
j .X I*'!toL por fOO1.. .... 

.: ij .- i''' 1" l'j 
~. ~~ ii' !'j I is.. j ]#J,; . '~.; ~ 'II •• li ,; 'cb ,!!.!;! 

i =I1i -v 1 I.; 
H j lilt! I~r 

B ·!l1 ! ",§ ',1' :'j" ljl l" "'d" k ;j -;;- .~ -~~ :i ~ ~, 

- -",- -.. 44.35 0.61S 2.59 39.23 0.47 2.64 0.02 
U 40.32 0.60 2.36 36.66 0.1>2 2.40 0.03 ,. 38.96 0·66 2.16 32.69 O.lIS 2.20 0.03 
13 34.12 0.71 1.99 30.18 0.61 2·03 0.03 
>4 31.68 0 .76 1·86 28.02 0.66 1.89 0.03 

" 29.67 0.82 1.73 26.16 0.71 1.76 •• 04 
.S 27.72 0.87 1.1'2 24.62 • O.~lS l.61S •. 04 
07 26.09 0.93 1.52 23.08 O. 0 1.06 •• 04 
's 24.64 0.98 1.44 21.79 0.86 1.47 •• 04 .- 23.34 1.04 1.36 20.66 0.89 1.39 0.06 ,. 22.HI 1.09 1.30 19.62 0.94 1.32 O.OlS •• 2l.12 1.16 1.23 18.68 0.99 1.1:16 0.06 

" 20.16 1.20 1.18 1"1.83 1.04 1.20 0.06 ., 19.28 1.26 1.13 1"1.06 1.08 1.16 0.06 .. 18.48 1.31 1.08 16.36 1.13 1.10 0.06 ,. 1"1."14 1.36 1.04 16.69 L18 1.06 0.06 
's 1"1.06 1.42 1.00 16.09 1.22 1.02 0.06 

" 16.43 1.4"1 0.96 14.63 1.2"1 0.98 0.0"1 

's 16.84 1.63 0 .93 14.01 1.32 0.94 0.0"1 ,. 16.29 1.66 0.89 13.63 1.3"1 0.91 0.0"1 

3. 14."16 1.64 0.86 13.08 1.41 0.88 0 .0"1 
3. 14.31 1.69 0.84 12.66 1.46 • •• 0.08 
32 13.88 1."16 0.81 12.26 1.61 0.82 0.08 
33 13.44 1.80 0.'18 11·89 1.66 0 ·80 0.08 S. 13.04 1.88 0."16 11.64 1.60 0.'18 0.08 
3. 126~ 1.91 0."14 lun 1.66 0."16 ..-
3S 12.3 1.96 0·"12 10.90 1."10 0.'13 0.09 
37 11.99 2.02 0."10 10.60 1."14 0 ."11 0.0& 
3S 11.6"1 2.0'1 0.68 10.32 1."19 0.69 0.09 
3_ 11.3'1 2.13 0.66 10.06 1.84 0.6"1 0.10 

-
Above values are based on maximam fi~er 51 .. ins or 13000 

lhl!. pt'r sq. ill.; HN ri"el holM in loth lIanges dnlucted. Weights 
of gIrder< eonespond 10 lengths, center 10 eenlU of bearings. 

I .. , 
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STEEL BOX GIRDERS . 

• " rE LOADS I N TONS, UN I FORMLY DISTRIBI,ITID . 

2-12" SIMI :I: Bwn! and 2 StMI Plate. 1,( "x,.;" --
• ." ." ;,; ., 
I .... n""*' '-' JIT"'-' '" ~ ,- !~ k.~ a , ~'<! -IO.ou. .. , ",,~ .. ,~ ~ 

Ii :j 
,~ .... 
'" f;:; i!- Pi !::.-, ';"lI ~", Il't '::3 
l H~ 1/.; P " j 'Qi~J~:il i .l!'.~ 

1 . !1!~ '!:!§ '!Iii' ~ "II :r_§ .. l-i 11 lift! Hr .J ~'!!I H~" '-~I wr l51jH ."1 IJj~ •• ~'iI~1lo -
10 64.94 0.65 3.75 ISS.OS 0.1:17 3.81 0.03 
11 159.02 0.71 3.40 112.80 0 .63 3.40 0 .03 
1. 54.12 0.'18 3.12 48.40 0.68 3.17 0.03 
13 49.95 0 .84 2.88 44.88 0·74 2 .93 0.04 
1. 48.39 0.91 2.68 41.48 0.80 2.72 0.04 
10 43.29 0.97 2.00 38.'72 0 .8lS 2.1\3 0.04 
1. 40.59 1.04 2.34 36.30 0 .91 2.38 O.OlS 
17 38.20 1.10 2 .21 34.16 0 .97 2.24 O.Otl 
1. 36.08 1. 17 2.08 32.27 1.03 2.11 O.Oll 
1. 34.18 1.23 1.97 30.67 1.08 '.00 O.Oll 

20 32.47 1.30 1.87 29.04 1.14 1.90 0 ,00 
21 aO.93 1.36 1 .78 27.66 1.20 1.81 0 .00 
22 29.52 1.43 1.70 26.40 1.20 1.73 0 .00 
23 28.23 1.49 1.63 20.20 1.31 1.60 0.07 
2' 27.06 1.06 1.06 24.20 1.3j L08 0 .07 .. 20.98 1.62 1.60 23.23 1.4 1.02 0 .07 
2. 24.98 1.69 1.44 22.34 1.48 1,46 0 .08 
27 24.00 1.70 1.38 21.01 1.04 1.41 0 .06 
2. 23.19 1.82 1.34 20.''14 1.60 1.36 0 .08 
29 22.39 1.88 1.29 20.03 1.60 1.31 008 

30 21.615 1.915 1.215 19.36 1.71 1.2'1 0 .09 
31 2C.95 2·01 1.21 18.73 1.'1'1 1.23 0 ,09 
32 20.29 2.08 1.17 18. 16 1.82 1. 19 o.u» 
33 19.68 2.14 1.14 1'1.60 1.88 1.10 0.10 .. 19. 10 2.21 1.10 IJ.08 1.94 1.12 0.10 

" 18.615 2.2'7 1.0'7 1 .09 1.99 1.09 0.10 
3. 18.04 2.34 1.04 16. 13 2.00 1.06 0.10 
37 1'7.015 2.40 1.01 115·'10 2.11 1.03 0.11 o. l'l' .09 2.4'7 0.99 111.28 2.17 1.00 0.11 

" 16.615 2.03 0.96 14.89 2.22 0.98 0.11 

Above v.lues 1m: bued on muimum liter 5tr.ins of 13.000 
It.. per sq. io.; U" rh'e( holes iD both fl",ngudeducted. Weights 
of girders oorrespond to leDgths, center to center of bearings. 
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OARNEOIE. PlilPPS I\l. 00., L IMITED. 

STEEL BOX GIRDERS . 
.... ,[ LOAOS:N TONS. UNifORMLY DISTRIIIUT[O. 

2-15" Sleel 1: Bea.:os and 2 Sleel Plates 14"X )i" 

II"· 
. ,. •• i II J "" " W' ... 

SIMI I. e .... ,. , 
4!.G ,II ~ .. 

!lID Ibt. , .. , ,." - '.t , .. "" , ...... , r.. ~c!. :ij L 
, 

!J SIMI tla~ U"X,," SIMI plat., ""x~" Ml.laIII,U">0!i . j !-
.s.!! 

~i'J JJ> flIi ;OJ!! . ;i'Fjf ;oj!! Pi! ! ~]~ • § j •• - !!;ii , p ·a?sti.§ l -i , . :li'! .... 1' .... ]3~ 
. ,~ 

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

I" j 1m ~I: " 1 - , ~I:":iI' ] .. -:.":iI' ", 
~IJ -'i. :i'l' -'Ii iI. - ,! ~'-oiI :t.!! ~h, ~h, ... ", ~.!! • • IO -';'!! •• " 

10 1125 .45 1.11 111.01 0.91 90.29 0 .72 4.63 0.03 
11 114 .05 1.22 100.92 1.00 82.08 0.79 4 .21 0.03 
12 104 .15 15 1.38 92.151 1.09 715.24 0.86 3.86 0.03 
13 96 .150 1.44 8/5.40 1.18 69.4/5 0.93 3./57 0.04 
14 89 ,61 1. /5/'i 79.30 1.27 64./50 1.00 3 .31 0.04 ,. 83.64 1.61 74.0 1 1.36 60.19 1.08 8 .09 •. 04 1. 78.41 1.78 69.38 1.46 156.43 1.16 2.90 0.06 
17 73 .80 1 ,89 66.30 1./54 63.11 1.22 2.72 0.06 
1. 69 ,70 2 .00 61.67 1.63 /50.16 1.29 2.67 0 ,015 

" 66 .03 2 .11 68.43 1.72 47.152 1.36 2.43 0.015 

•• 62 ,73 2 .22 ti6.60 1.81 415.14 1.44 2.32 0.06 21 159. 74 2 .33 62.86 1.90 42.99 1./51 2,21 0.08 2. 67. 03 2 .4<1 60.48 2.00 41.04 1.68 2 .11 0.06 .3 /54. 64 2 . 615 48.27 2.09 39.26 1.615 2.02 0.0'7 .4 152 .27 2 .66 46.26 SU8 37.62 1.72 1.93 0.07 20 60. 18 2 .78 44.40 2.27 36.12 1.79 1.86 0·07 2. 48 .26 2 .89 42.70 2 .36 34.7:1 1.87 1.'18 0.08 
27 46 ,47 3 .00 41.12 2.40 33.44 1.94 1.71 0.08 2. 44 . 81 3 . 11 39.6/5 2.154 322/5 2.01 , .. 0.08 2. 43.26 3 . 22 38.28 2.63 81.13 2.08 1.60 0.08 

30 41 .82 S .38 37.00 2.72 SO.09 2. 16 1.1S4 0.09 31 40.47 3 .44 3 1S.81 2.8 1 29.12 2.28
1

1.49 0.09 
3' 39.21 3 ,1S6 34.69 2.90 28.21 2.30 1.40 0.09 
33 38. 02 S . 66 33.64 2.03 27.36 2.31 1.41 0.10 
3' 36 .91 3 . 77 32.61S 3.0S 26.1S6 2 .4 1.37 0.10 
3. SIS,81S 3.89 31.72 3.17 20.80 2.151 1.38 0 .10 
36 34 .81S 4 .0:1 30.84 3.27 21S.08 2.68 1.29 0.10 
3 7 sa .91 4 . 11 80.00 .36 24.40 2.66 1.21S 0.11 
38 33 .02 4 .2~ 29.21 3.46 23.76 '73 1.22 0.11 3. 32. 16 4.33 28.47 3.1S4 23.16 2 .80 1.19 0.11 

Above values are b,sed on maximum tibet- strains of 13,00CI ills. 
per sq. in,; fl" rivet holes in both flanges deducted. Weights 
of girdel"!l co!TeSl'oud to lengths, center to eeoter of be:lU"ing$. , 
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1 

'0 n .. 
'" .. ,,. 
" '. ,. 
20 2, 
" 23 
2' 2-2. 
27 .. •• 
30 .. 
3' 
3. ., .-3. 
37 
3. 
3. 

CABNEGUC, PHIPPS & CO., LIMlTED. 

STEEL BOX GIRDERS . 

.... FE LOAOS IN TONS, UNifORMLY O'IITFUIIUTII:D. 

2-20" Steel :r Bea.ma and 2 SiOO Plate. t 6" x K II 

199.S7 
181.61 
166.39 
163.60 
142.64 
133.12 
124.80 
117.47 
110.94 
106.10 

99.83 
9l1.08 
907'1 
86.82 
83.20 
79.8'1 
76.80 
73.96 
71.32 
88.86 

66.66 
64.41 
62.41 
60.tll 
68.73 
57.06 
lI6.48 
63.96 
62.64 
61.20 

1.22 
1.34 
1.46 
1.08 
1.')'0 
1.83 
1.95 
2.07 
2.19 
2.31 

2.43 
2.66 
2.68 
2.80 
2.92 
3.04 
3.16 
3.29 
3.41 
3.03 

3.60 
3.'17 
3.89 
4.02 
4.14 
4.28 
4.38 
4.60 
4.62 
4.76 

7.22 
6.66 
6.02 
0.06 
rus 
4.81 
4.tH 
4.20 
4.01 
3.60 

3.61 
3.44 
3.28 
3.14 
3.01 
2.89 
2.78 
2.68 
2.68 
2.49 

2.41 
2.33 
2.26 
2.19 
2.12 
2.06 
2.01 
1.911 
1.90 
1.81S 

176.72 
160.68 
147.26 
136.91S 
126.24 
117.82 
110.46 
103.96 
98.18 
93.01 

8S.36 
84.lti 
80.33 
78.84 
"13.64 
70.69 
6"/.9'1 
6/1.46 
63.12 
60.94 

68.91 
11'1.01 
66.22 
03.66 
61.98 
110.60 
49.09 
4"/.77 
46.lH 
46.32 

1.06 
1.16 
1.27 
1.37 
1.48 
1.1S8 
1.69 
1.''19 
1.90 
2.01 

2.11 
2.22 
2.32 
2.43 
2.113 
2.64 
2.''111 
2.85 
2.96 
3.06 

3.17 
3.27 
3.38 
3.48 
use 
3.70 
3.80 
3.91 
4.01 
4.12 

7.34 
6.68 
6.12 
&.6& 
6.26 
4·90 
4.69 
4.32 
4.08 
3.86 

3.67 
3.60 
3.34 
3.19 
3.06 
2.94 
2.82 
2."12 
2.62 
2.1S3 

2.'_ 
2.87 
2.29 
2.22 
2.18 
2.10 
2.04 
1.98 
1.93 
'-SS 

0.03 
0.04 
0.04 
0.04 
0.06 
0.06 
0.01S 
0.06 
0.06 
0.06 

0.0"1 
0.07 
0.07 
0 .08 
0.08 
0.08 
0 .09 
0.09 
0.09 
0.10 

0.10 
0.10 
0.11 
0.11 
0.11 
0.12 
0.12 
0.12 
0.13 
0.13 

Above value, are b.sed on maximum fiber strains of IJ 000 
11,., per sq. io. i H"rivet holf'S io both fbngn deducted. Weigbts 
ot' girders conespond to lengths, ctoter to center or bearings. 



STEEL BOX GIRDER . 
.... '1 LO ... o. 1M TOMS, UHI,OilllMLY OISTftl.UTIO. 

! ~.'I Stetl :I Beams aad 2 &eel PlaIeI lS/lXU". 
- -
I 

2 s..I plalOL H W'1IooI' ....... , 
h 

liX){ ... II1L,., roo... 

'. f Wo" uif"'Jr:" ~~\ol"Nor - ... 1_iJ. 

! I.fllil. (l1l&I 
(I ~"' 

.... t,la. "'kl ol.~ 
""PI ., ~) f. MooIt~ ., _Ia k- .. ~ 

_01.1, lllL , , .. _tl""o • • ..... ......... 
" I 18264 1.1' A 1. 00. 
10 , 11046 1 1 71 006 ,. 

I HI981 '0' ••• 00. 
17 1 ~040 2. 16 • •• 00. ,. 1420.5 ••• ~ .69 007 ,. 13461 241 6 .30 007 

' 0 121.84 ... 
• O • 

008 
Bl 121 .~6 B .7 4 ."79 0 .08 .. 116. 2 2 .'79 : '~A 0.08 .. 111 .1'7 ". 0 .09 
B. 108~4 , O. '19 0 .09 •• 102.2'7 31. 40' 0 .09 •• 9834 330 'SA 0 .10 
27 94 '70 ... .7 010 .. 91 .32 ... ... 01> 
' 9 88 1'7 ••• . ., 0 .11 

. 0 8~ 23 391 3 . 3~ on 
31 8248 39' , O. 012 .. '7990 4 o. ". 012 
33 '7'7 .48 4 1. 3 O' o 1. .. '7620 4 •• • •• 013 
so '73.05 ... 

• S9 
013 •• '71.03 .. Z .SO 0 . 14 

37 69 .11 47 27' 0 .14 •• 6'7 .29 48' • •• 01 • •• 66.66 4 .96 2 .68 0 .15 

40 63 .92 ~ .08 • •• 0 .15 
41 62.86 5 .20 11.4.6 0 .16 
4' 

I 
60.88 6 .33 a .40 0 .16 

4' 69.4.6 ~ .46 2 .84 0 .16 .. 68.11 6 .69 liU9 0 . l'7 .. 66.82 6 .13 
• B. 

0 . 1'7 

Abo't'e ...... Iuetl ~ b.sed on mnlmllD\ fiber strains of IJ 000 
lbt. peT sq. io. i ti" ri ... et hoI" ill both 8an&" dtdUC1td. Weigbts 
of iPrden OO~11ODd to lengths, ttnttr 10 «ntu of I.>esrings. 

T --- '-



, 
I. 

- -------t- -
c ~ & 00 •. I..1MITED. 

EXPLANATION OF TABLES ON RIVETED 

STEEL PLATE GIRDERS. 

Ki H1.:d gil'llcn ~re u..eti in C&."C'I where r,,!I,~1 l,oe:u,,~ llTC ill_ 
suU,d~nl to carry the ]"",d. On l'oQt:e 93 or the lilh'>gr.ll'h I'I,u,"" 
will he fOllud il1",tr.llions of \uri",,_. ("r",s of Ii"cted girder< 
The !oeC\ions ";Ih ~i"l:le ,.-1'1 .. nrc more l"Wnomical than thOMl 
"'itl, double wei". (box gird"' .... ). 1m! the Inner IUl: !>litTer hl1el1ll
Ir, and should IIh.-.)s be IbC'<I "hue gtt:at 1"I)I.'1h o f ~I''''' re
'lui."" n "id,,-IOl) nangc. If the j;irder is 1)0( held ill lx",itioll 
~idewa)'s. the 1'l'OJ)OI'tioll of knwh of span to width d Hange 
~bould nO( ucee<.1 t .... ent)', wilh ... ,,1 m.akiug IlIn.-i,i"n for MICh in· 
(fe~ hy an .. ddition of metal in the """'pre-,ion nllllg" heyond 
li,1lt re'luired by the \ahle. 

The web of the giNlcr mu>l IJC ",ade of ~uch Ihiclnr .• ' that 
there will be no tendency 10 welle. and lhat Ibe ~ertical ~bear· 
ing $I."., ,, per "'Iuare i"cb will not e~cero 10,000 poond3. Tbi, 
~hcaring SImi" i1 greal"'l ncar Ihe ~ul'l'''r1~ and I~ ohlained hy 
dividing half Ihe load "I'on Ihe J.:irde. b)' Ihe "'..I, M'cliul1. Th" 
tiN c<nKlitiou l-e<:Uril) ngain,! hod.li,,!!: ) j, attainffi .. h,'" Ihi, 

11000 
.henriu!,! >.Im;u dues not cxce~ .. 1 1+_ <I' - "ill which ,I 'l']" 

"'"' " r~nl~ Ihe deplh or weh in ck.,.r of f1an!:" d J,:inl'" lI,wl I Ihe 
Ihid"'es.~ of une \\"h 1,lme ill indies. Ordin:lrily Ihi~ r,;ml"l" 
,::il'd n lower >troin per !>I11I3.I'~ inch than 10,000 llOund~, ~ thaI 
both ('Ondilion~ are ,,_,nall)- nttained when 110" liT>! i.,. Ifblc".! or 
in~a:.ing the IhiclnC>05 of Ihe web. it mar be sliffened 0100 h, 
u.cans of vrr1ical unj.(le i ron~ ri. eled lu il at proper inte,.-.."I,. 
These latter >h""I<\ always I.oe IC>oIi Iban Ihe depth of Ihe J.:inler. 
at Ica5I Ileal' Ihe elMl" hut loward tbe middle of Ihe giroe. thc 
.'liffcneN mar be placed fnrthe. ap'"1 or clllirc!y OIuiued. l-oli/T. 
,'ue", ~hou1d nh.·aysl.oe \t.ed AI or ncar Ihe ~uI'P""~' nn,\ nl any 
,)the!' \lOillt wh~'fe tbere i~ a C<ot1eenlralion of h~ .. ,}' load.,. Th" 
dUly of I~ "'ifi'enenl ill ,u.:h OI.-.e. is twofold: f'N, b) [,",n:nl 
Im"klinR of Ih" " .. I,; 5C<:OIl<1, 10 Imn,mit the ~hear 101h" ... d . 
!'y means of Ih .. ahllni,,).: areas anti the r"'cl<, which \..oIh iliUM. 
be suffiticllt fur th" \"''l105e. 

The ri.ct~ R.·nemlly 51>oold he Jo'" and the spacing in 
thngea oughl not 10 e'c~d ~ix illcbe, . Mnd ~hould be du.er fur 
hUI'y flanll"e~; hut in all ca.c~ il ~I>oold he do"e al lh" end" 
"'y th TCi: inches for a d;"l.alle.: C(jua! 10 the depth of Ihe b';n-Icr, 
Where l(>~ul~ lin:: g"'tll, e;,pedal calcubtioll fvr rhct .paciuj.( 
,hould he madc, allowing 9,000 \loumls per !Kluarc~ inch fur 
,he3rin!,! and 18,000 poul1(b per I<jllaTC inch for beari"!:,, 

The U1L'Ul'l'orlffi "idth ()f flang<" 1'1,11"<. !lUbFct ... 1 to C()ItI\~
sior t ~h""l01 ""I .. ,ce, .. \ 3'! tin"'~ Iheir thiclne-.<, "<>1' sh" .. !, the 

'00 



OARNEOIE. PHIPPS & 00 .• LlNIT8D. 

n~nge plates utend beyolld the outer line of rhel~ more than ';¥c 
inches nUl' more Ibn eight lima their thickness. 

The te:nn .. flange," as applied to the riyeted ginle .... , embn«s 
.i1 the metal in top (II" bottom of girder uclusi~e of web plale: 
or, in the case of a rolled beam or ch:l.llnel with to!' and bottom 
1)latea, a1llh/! mel'll /!xeill5;,-e of that IIIll1 of the web bet" .. ..,,, 
lilkt5. 

Girders intended 10 carry ]Ilastering ~hould be limited ill deplh 
from 00\ to out to it of the span length (,,"," pcr fOOl) if iron. 
or q of Ihi~ distan<:e (~~ per root) if st~f. OIher wi.>e the II,,· 
Ilcellon is li,,!>le to Clluse the I'[",,\cring \0 cmck. 

T he following pages. N()$. 162 to 166 inclw.ivc, furnish a 
ready means for detennining the M:ctionl or plate or box girders 
n('C~ry to cany spc<.:ified loads for span! varying from 2u \0 40 
fed , center to ccntte of bearings. 

'fhe .. Safe l..a.<b" are gI"en for the sections sho ... ·". and in 
columns headed "Increase in Safe l.oad" is gi"m the incn:a>e in 
safe load lor each -II' in~:I5e ill thickne..s of lIange plates. 
The I1.ange plat~ may be altcred in "'idlh and thickn('5S, pro
vided the 5CCIiQn remairl$ the same as Ihal n'<juill'd in the table 
and Ihe condilions in regard to "nsul'llOrted ",idlh be ("hillat. 

EXA~II'LE OF API'LH':.\T lt):-'< OF T.\H LE. 

A 30" box girdtr is to carry a load of 80 tons m'cr a clear 
sp"n of 30 fect. What seclion of girder i~ re<Juin:d? The span 
from center to center of bearinb'5 we willru;s"lIlc 10 be 31 f<'Ct. 

In the table, page 16t, the safe lood for thi~ "pan lind for the 
~irdcr shown is found to be 6!.96 1005 including weight of girder, 
which latter, according to Ihe table. lIIay be as:.umed at aboul 
3./) t'''I$. The total load to be carried is, thtftfore 83_5 ,""". 
The increase in safe loaIl for -ti'increa>oe in thicLncu of liang<: 
plate gi,-tn in the table is 3.70 t005. The thidml'U of the lIange 
Illate is then obtained 8.$ folloll'S: 83.6 tOIls--Q.96ton.'>=!iI.54 lOll'. 
n,i5-;-1.ty 3.70 I~ is "ery nearly 6.. Each flange plate, then:
fore, must be increased by /. ". making a tOla! Ihiclnc~ of lIange 
plate of ~~. 

The ICction o{ Ihe ginlcr i~ Ihen composed of Iwo 3O"x ~" 
web plale5, tllO 16"X)t" !lange Illatell (which could be 11111<1" 
18"X+j" or 2O"X.!i". ~'\c._I~e 1'~"i()u5 note). and four 
3,){"X X"xX" fian.:-e !Ingles. The .hear in one web is 

2-::Xx::X or 27&'i 110unds per "I"arc in~h , "'hieh i~ <\1 .... , ~fe 
11.-

&IIains! ilUeliing. "i,1Ce it i, ],,'s Iha" 1+_;1" __ which, in 

"'" <' this CA5C. is 6,000 !oounds. ~ 

,., 



CARNEGIE. PHIPPS & 00 .• LBonTEO. 

STEEL PLATE GIRDERS. 

SA": LO AOS I N TON S, UNIFORMLY Ol STRI "U T L D . ---
"Tr' 

~ ~ ~ "1W • J ~ f I • • : 1 • • • f ~ • , - ~ 
• ~ :; ~ " , '" -. It: 0 , 

" ", " ". b 5. ;, 
Ii.!!! ~ 
j 7:'1: 'Hit ~,,!J l~ . I!' • r~h J .'3.:':: • ·~i.l! '. i I~j ;:;t --it ;:;t !l.!!~ 11< -~a 

.e~ 
~! I!i- ]1 - ·-1 Hi! ~.~ • !:fj • 111 ~ -

" 81.18 1.62 '.00 .05 91.71 1.70 H' .1> 
21 77.32 1.69 3.811 ,I> 87.34 1.71 '.20 .1> 

" 73,811 1.76 3.63 ,00 83,37 I." ',00 ,00 .. 70,811 1.811 3.~7 ,00 79.U 1." 3,83 ,06 .. 67.811 1.93 8,32 .116 76.'-2 2112 8.67 ,00 .. "," 2.01 3.19 ," 73.36 2,09 3.52 .00 
26 ... 45 2,07 3,07 ," 70.5< <I, 3.39 .07 

" 60.14 2.14 2,,. .07 67.93 .,. 3.!!ti ,07 
28 57.99 2.21 2.85 .111 55.50 2.31 3.15 ," 29 55." 2.31 ." .07 83." ." 3,"' '" 30 54.12 '" ." .,. 61.1~ .. , 2,,. ,OS 
31 , .. , 2.~5 2.57 .1lI1 59.16 ." '" .OS 

" 5U.U 2.52 '"0 ,,. 57.32 ... 2.75 .08 
32 49.20 2.59 2.~2 .,. 55.5ll 2.71 2,67 ,08 .. 47.76 > .. 2.M I .09 53." 2" '" .09 
35 46.39 2.73 2.28 .09 52.40 '" 2." .09 
35 45.10 2.83 2,,. ,09 '"" >,. .. , .09 
87 ".88 200 >I, ,1111 49.57 3,1lI1 .88 .09 
38 "" 2," 2.10 .10 4&" 3.11 .31 ,10 

" 41.63 3,,. .1> .10 47.03 >1, ." ,10 

" ... , 3.11 2.00 .10 45.85 ." 2.21 .10 

'l1le above v"lues are founded on the momems of inerti .. of the 
:<CIions usicg. maximum fiber !>Irain of ' 3,000 lb!!. per square inch 
for steel; 111/ rivet holes ill both f1a.nge$deducted. Weights of girtlers 
oom:s.pon< to lengths center to center of bt-nrings and include rivet 
heaus, ~Iitreners and fille". 
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CARNEGIE. J'l:Ji'P.-<.,," CO .. LiMIrED 

STEEL PLATE GIRDERS. 

S A'E: LO A DS IN TONS. UNI 'O AMLT DI ST"U8UTEO. 

[ 1 
~-

f ~ 
j • 

I 
~ ~ j • • • • ~ • ;. > • " ~~ l,l ~ • \~ t~ , 

~ ~ 
. ~ .. ~' 
, , • ~ , 
~ .. o. 

~ j~ 

t; !' I~1.gi .. ]H)rrl;" 
J ~ . 

i~ HU it{ •• i tJ-j .. ~t. -.~ }i ~t 1= ... 'f iill;' i-1!' • a • !-l:;.I; 1I- _J!~ -)~_ 

" 102.57 1.77 .. ,. .0; \52.54 2.72 <1' .00 

" 'fl.'" 1.95 '.58 .0; 145.28 2." 6.39 .00 

" !J3." 1.92 '.37 .00 '5868 ." 6.09 .07 

" 89.18 2.04 4.18 .00 1112.65 11.12 5." i!l 

" 8fl.46 2.17 4.IH .00 127.12 3." 658 .m ,. 82.04 2.19 .... .00 ''''04 11.36 5.36 .07 
26 ,.88 2.26 3.70 .07 117.34 3.48 5.16 ... 
'" 75.96 .,. 3.56 i!l 113.00 8.59 4,97 ... 
" 73.$ 2,41 3.43 .07 '0&'fI <7, '.78 ... 
29 70.73 2.53 3.31 . m 105.20 '.88 .... .09 
30 6837 2.60 3.21 .08 101.70 '.00 4,48 .09 
31 66.16 2.68 8.10 .08 98.42 4.12 '.32 .09 
32 64.10 2.75 '.00 .08 95.34 .. " UO .10 

'" 62.16 2.82 >O[ ... 'U, '.35 .. m .to 
34 60.33 2.89 282 . 09 89.74 4,47 , ... .10 
35 68.60 2." 2.75 .09 ~.17 4.59 3." .to 
36 "" '.09 >66 .09 84.74 4.76 ." .1 [ 
37 55 ... S.16 2.59 . W tl2.46 '.87 .... .11 

" 53." '.24 >5, .10 80.29 •. " 3.53 .11 

" 5WI '" '" .10 "23 5.11 3.48 .12 

" 51.26 3.39 .. 0 .10 76.27 5." '.35 .12 

The IIlx,,'c "alue5 are founded on the moment.. of inertia of the 
~ectio"s u,ing a m.ximum fiber stmin of 13,000 IUs. pcr square inch 
forstcd; lt" ri,·ct holes in both HangC"deducted. Weighl$of girder~ 
c:orrcspon 10 lenb"-tli center 10 cenler "f bearings and include rivet 
he~d>, ,tiffe"c'" and fillers. , ,. 



C I ;,;, PHIPPS ". CO., T~IMIT)ld) 

STEEL BOX GIRDERS. 

S ... Fl· LO ... OS 11'1 TO I'I S, UI'I110lUI LY OISTRI.UTlO. 

20 97.59 2.13 5.73 
21 92.S4- 2,23 U6 
22 88.72 2.32 5.20 
23 84.86 2.45 4.98 
24 81.32 2.&1 4.78 
25 78.07 2.64 4.59 
26 7Ml 2.7'" .... 41 
'!l 72.29 2.83 4.2.5 
28 1)9.70 2.98 4.10 
29 61.30 3.06 3.96 
S(I 66.06 3.16 3.82 
:n 1)2.96 3.25 3.70 
32 61.00 8.85 3.58 
83 &9.1'" 8,50 3.48 
34 57.40 8.M 8.88 
35 65.76 3.64 8.28 
36 &1.22 3.76 8.18 
37 52.75 3.8t1 3.09 
38 51.36 3.95 8.02 
39 5o.~ HI5 2.94 
(0 48.80 4.15 2.86 

.07 t30.2 2.-« 7.95 

.07 124.0 2.55 7.58 

.08 118.3 2,66 7.22 

.08 llS.2 2.80 6.90 

.08 108.5 2.9\ 6.62 

.09 t~.1 3.03 6.85 

.09 \00.1 S.14 6.\2 

.09 96,4 8.25! 5.89 

.10 93.0 8.36 5.67 

.10 89.8 8.SO U8 

.to 86.8 3.61 5.29 

.11 8U 8.72 5.IS 
.tt 81.4 8.83 4.9'7 
.11 7&9 3.95 04.82 
.12 76.6 4.06 4.61 
.12 7U 4.17 4.53 
.12 72.3 4.3\ HI 
.\3 70.4 H\ 4.30 
.13 68.5 4.M 4,18 
.13 66.7 4.65 4,07 
.14 65.1 4.76 3,97 

.09 
.09 
.09 
.10 
.10 
.11 
.11 ." .12 
.1' 
.1' 
.I' .1' 
.t< 
.1' 
.1' .1' 
.16 
.16 
.17 
.17 

The above "alu~s are founded on the momenl5 of inertia of the 
M!ctions u~i"g a maximum fiber st.",in of 13.000 JI~. p~r 5(juare inch 
foc steel; H n rivet holes in both fb,ugell deduC\e(1. \\" eiglus of ginler.! 
correspond to kngths center to center of locarinb'" Gnd include ri,·et 
head~. stiffeners an" 1111,·",. 
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STEEL BOX GIRDERS. 

S"" E: l-O .. DS I N TONS. U N I "ORMLY O IST R I BU'rtO. 

-

! ~ 
j j , f Ji 

! ~ :; ~ < • : !'r • i j • , 
! ~ 'Ii • < :" , 
i ~':: -'1:1; , • ~ '- • ::: 

.!! • ~ ~ ~ 
.s .E 

j i, n r'" ]'1;: I~U "eI; 
j ]§4 

.. 
di~ -l:'l 

'~t 
.. f<'~ 'l .!!I :Jis -ai Sj'l;! ",' 

~ ·'cli! - OJ 1~w. ':'Q, H'· 1- r" ~.~ • m • I· ~.~ 
j:- !<E r 

,!l..&~ --I-
20 184.9 2.92 10.59 .10 218., '.78 15.80 .13 
21 176.2 '.06 10.10 .11 274..8 3.35 15.06 .13 
ll2 1062 3.19 9.64 .11 262.3 4..13 14.37 .1' 
ll2 160.8 3.86 '.ll2 .12 251.0 '.34 13.74. .I' 
" t5U IU9 as. .12 I 240.' 4..52 13.17 .I, 

" 148.0 '.63 ... .I. 280.9 '.69 12.64 .I' 

" \42.4 '.16 '1' .13 222., '.87 12.16 .11 
'll 137.0 '.89 1.85 

I 
.I, 213.8 '.04 11.70 .11 

'" 1"1 '.00 7.b7 .I. 206.' 5.21 11.29 .1' 

" 127.6 4..15 7.3\ .I' 199.0 5.43 10.91 .I' 
80 128.3 '.89 1.06 .1' 192.4 b.61 10.M .I' 
.1 119.3 4..45 '.83 .1' 1062 ' .78 10.21 .20 

" lIb.& .. ", '.63 .1' IBO.3 '.35 9.88 .20 

" 112.1 4.14. ." .11 174.9 '12 9.58 .21 .. 110.' '.87 ., . .11 169.8 .. " 9.30 .ll2 
35 106.7 '.00 6.06 .1' 164.9 6.47 9.00 .ll2 

" 102.8 5.17 '.00 .1' 160.3 '.69 8.78 .23 
87 100.0 5.31 5.14. .19 156.0 ." .54 .24 
38 87.' 5.44 '.58 .1' 151.9 •. " ." ." 
" "., '.58 ,.« .20 148.0 1.211 .11 .25 .. '" 0.71 5.30 .20 144.3 1.38 7.91 .26 

The abo"e "alues arc fOllnded on the moments of inenia of the 
....,dions llSing a maximum fiber stmin of 13,000 Ibs. per .!oIluare inch 
fur .teel; ~!I ri"CI holes in both flll,lIgesdeductcd. Weights of girders 
correspon to lengths ~ntcr to center of bearings .nd indllde ri\'~1 
h"ads, stiffeners aad fille". , 

, .. I 
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STEEL I -BEAMS AS USED IN FOUNDA 
TIONS. 

In del'ign,ng the fouo<l:\lions of walls and pieri of buildingll, 
when rhey reg UPOIl n )'icidinJ,: 5tmtum, proper provision mll$t 
be made for the unifonn distribution of the weighL In CtiC lhe 
wall$ are of dilf~nt tbiclmesse5.nd he.iChu, the ... idtbs or the 
[ouooaliOIl$ muM be proportiooed according to the different loads 
r.".uhing therefrom, IKl that the bearing pcr unit of ground-area 
will be e']l1al and n uniform settlement of th" completed ItH,r,. 
ureiAen>u~l 

The introduction of I;rom b!,.JIlI as a 'ncalls of obtainiul{ 
wider henring SurfacH al the boue, is .. prn<:lice to be 5lrOn1j:ly 
comlcmned, uoless the wood is in a por;ition to remain conlln
utllly moist. Where thill ~ not the ClI:Ie, the timber will IIOOn rot 
....... y. thereby giving rise 10 an nne-Iua.! seUlcmcnl of the .... 11 •• 
'ery in/"uriOUli. if DOt descructh'c, 10 the ma50nry. 

51.« nUb, imbedded in oollcrdc, are not 0!1eIl to Ihi. objec
lion. 'nl~y offer, howe"eT, compa.",ti,·e!y llUle ref;istlUlCe to 
<I'Hection, nnd for this re."lSCm, if allowed to proje<:t beyond the 
Inuonry to any COIllider:a.ble length, the concrete filii,,>: is li,ble 
to cr:a.ck, and thus the $lrength of the foundation iIoecolne iln
I_ired. 

Steel l -ho:a..-ns, more recently WiCtI for this purpo&e, 1If'(: (o,,"d 
to be $III~rior in every respect. A I->Tealerdepth can be adopl«l. 
the defl.-<:lion thu~ r~llLeed to a minimum D.nd a sufficient 5aving 
effi.>cted to more than compenwe for their ""'-litional eCl6I J~r 
pOlLnd. 

'The fOll-m'ltion ,hOllld he 1:>rC1_re<.\ (!lee illustration p. 1681 hy 
f.n;t lnying n bed of wucretc to n depth of from" lO l l inch"l nnd 
then placing upon this II. row of l -beall1Jl at right augl~ 10 the 
f'lCe of the wan. In the case of hea,·y piers. the beam.s may be 
CfO$$C<\ in two dil'Ktions. Their distnnces apart, from center to 
centeT, may vary from 9 10 l-t iuches according to c1reuln:.tancel'i. 
i . ~.,Ietlglh of their projection heyond the mallOtlry, Ihickneu of 
concrete, eIO(imalL'd IIIUSUf'(: j)er square fOOl, etc. They Ihould 
be placeU at least far enough apart 10 pennil the introduction of 
the concrete filling and ;15 proper tamping 11tt"'een the bealll.<;. 
\.; nless Ihe concrete i, of unusual thicknCS!l,it "'i11 not be ad,';sa
l>1e to exceed 20" Ipacing, since otherwise Ihe c(MIcrele may not 
he of ,,,ffieienl strength to properly Imnsmillhe npw ... rd prCMure 
10 the lxan\.5. The ,I1(161. useful application of this method of 
fouooing, is in localiti~ where IIlhin and comll...,nt;'~ly compact 
Mr:>llLm o"erli~ annther o f ... more yielding lHilure. By U$ing
steel heanu in such crusea, the requi,ile spread at the ho$e II1.:'Iy he 
obtai n~l without eilheT I~nelr.lling the firm upper ~tmtUl" or 
carrying Ihe footing-.coones to ,ueh =a hdChlll§ to ellemuh un
duly Up'~1 the l~ntellt-rOOID-

, .. 
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'IETIIOI) OF CALCUI.ATIO:s' 

Let I_Weight of "-all per lineal (oot, in tQn$. 

and 1_.UsuIllt'd hearing c:!.pacity of ground, I'"r s lu ..... " 
root, (~lL:lny from I to J lona.) 

TIw:n :; _W_R"'luired widlh of foundation, in fret. 

w_Width of lowe3t course o( footing·.,I"nCII. 

I)_l'rojection of !>ea'ns IJerond mMO"ry. in feet. 
s_5p<teing of beam" center to ~n!rr. in f~ .... t. 

E~idently th" sile of beam5 re<luir<:d will ,kl'eml "pan th~ir 
$tr<:n~lh u cautile"crs of a length" p," ~u.tuiuing the upwa.rd 
reaction, which rnay be regarded a$ a unif"rtnly di.;tril .. ,t~ load. 

'111U11' I""'unif"'ml~' di;triilu(",\ I.,.d <in t<lnJ ) on (;:I.nli. 
le\·era., per lineal fOOl of wall. 

and J> h s=unifonn load in ton" on e"<'h loeatn_ 

The lable on the following page g;'elI th~ !"Ife len;;:ths "I''' 
for the ntrioua 5i.cs lIod weighUl of Jteel 1 ... .,.111$, for s= t foot 
and" 11" nUlgin!:, fronl I 10 5 tons per JIII, .. "e fOOl. For othcr 
"alu," of " ~" My 15", i. t., t J,(', the t.\hle mar be u!«,-.:I by 
~iml)ly cO"-'idering "h" incrcao>c<\ iu Ihe Mille rutio n;; .. ~" (~e 
eKIIIll]>lc I.oelo".) As regurd~ the weight of henm~, it i5 :>,hau· 
1&geQ'UI to aiIIib'll 10··.i" :Ill great a ,-alne u ill wam""ed by Ihe 
other cOllsider:ltions which obbiu. 

EX_\~II'LE 5110W I!'\G AP)'I.ICATION Of-" TABI.E. 

rhe weighl of a brick wall, 1~lher .... ith Ihe loatl it m\l.>t 
5ul'llOl1, ;, 4'-' Ions per lincal toot. The .. d<!lh ot Ihe lowbt 
fOOl.illg·ooun;e of Ul'lc>OIlry is 6 feet. :\l1owin).: a pres..ure of 2 
100UI]:ocr I<:I"are fOOl on Ihe foundation, what ,i/e and length of 
51"",1 ' ·],eams 18" center to center willl>e ~I"i .. ed? 

""1;IH''': ''-401>=2 w= 6 5=1>,. 

Th{'~f()~ W""'40-+2=2O fect, Ihe re' luired knlllh of be",ns. 
The I'rojN:lion "p"_ ~ (20-6)=7 fef:t. 

In order to awly the table (ca1culftlt:(] foc _I'), "'e 1IlU31 
"on~idcr "b" ioe~:l5Cd. in the ""me mlio lUi" I," i . ~ , 1>=2X 
I'{-J Ions. 

In th~ caluml! for 3 Ions, we find the length 7 feet to agree 
with :0" l ·hc!;Ulli 640 Ibj poer fOOl. 

1"7 
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TABLE GIVING WB LENGTHS OJ PROJIOTIONS "fIN JUT, (SIC 
ILLUSl'RATION,) FOa ". -=1 J'OOT AND v.u. r.s or .. b" 

RANGING FROM 1 TQ 5 TONS. 

~ .... b (TOl'S l'U SQUA Rr. ~"OOT.) 

.!.tC: 
1 l ~~ 1){ 2 2 '{ 2~ 3 3 '{ 4 [4 ){ • J!:... lhl. - - - --

" SO. 1 •. 0 ,2> 11.1i 10.0 9.0 '.0 &0 7.5 7.0 .. 5.0 

" M. "5 11.0 10.0 8.5 &0 &0 7.0 '.5 ., <0 5.5 

15 SO. '00 '0> ,. .. &0 ,. 7.0 .. 5.0 ,. 5.0 
15 60. '05 ,. 8.5 7.5 7.0 6.5 5.0 5.5 5.5 5.0 5.0 
15 50. 9.5 .. &0 7.0 .. <0 .. 5.0 5.0 .. '.5 
15 .1. .. &0 7.0 <0 <0 ,. 5.0 .. '.5 '.0 '.0 
12 40. &0 7.0 .. .. ., ., '.5 '.0 '.0 8.5 3.5 
12 "- 7.0 .. 5.5 5.0 '.5 .. '.0 '.0 3.5 '.5 '.0 
to "'. 5.5 5.0 5.5 .. .. ' .0 '.0 '.5 3.5 '.0 3.0 
to 25.5 5.5 5.0 '.5 ' .0 ' .0 8.5 3.5 3.0 '.0 2> .. 
• ". 5.5 5.0 '.5 ' .0 ' .0 ... '.5 '.0 '.0 2> 2.5 
9 21. 5.0 '.5 '.0 3.5 8.5 3.0 3.0 2.5 2.5 .. " 8 .. 5.0 '.5 '.0 3.5 ., '.0 3.0 2.5 2.5 .. M 
8 1& '.5 '.0 .. '.0 3.0 3.0 .. .. 2.0 " M 
7 W. '.5 ' .0 .. '.0 '.0 '.0 2.5 .. " " M 
7 11i.1i '.0 ., <0 2> 2.5 .. 2.0 M 00 " 1.5 
5 t< 3.5 3.0 <0 2.5 " 00 M 2.0 1.5 1.5 1.5 
5 1& '.0 3.0 .. .. 00 " M " " 1.5 1.5 

5 Il '.0 to .. 2.0 M M " t> 1.5 '.5 I., 
5 '" " to " 00 1.5 t> " " 1.5 

• '" ... 00 00 1.5 1.5 t> " • ,. " " t> 1.5 " t> 
Above table applies 10 stul beams. Value!! given b;lSe(). 011 

utreme fiber strains o( 16,000 lb!; . per square weh . ... 
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mON AND STEEL COLUMNS IN FIRE-PROOF 

BUn.DINGS. 

The subject oe fire-proal construction is _!:adily !;TOwing ill 
Importance. The n~ of fire'p1)Ol buildinga in the bu$jnes 
«(liters of our great citi<'$ has been well de~rated. and their 
superiority h", become ., genemlly recognized, tlul at ~nl 

but few structure. of any size or importance are d~il:",t1ed which 
are not more or Jell! of tbis type. This change hili been facili
tated in no .mall Illea.'IUn!! by. number of ligna] impnwcmenta 
m:lde of late in the art of fire.pnlOf o;:onstruruOIl, enturing not 
ooly a highn- degree of efficiency, but. considenhle reduction ill 

COSI, compared wilh methodl formerly practiced. 

The old $lyle of solid brick arch , once so preVlllen! in fIoor
ronstruction , has been alll\Olll wholly IUppl!111lcd by lhe more 
modem fonm of hollo .... tile and terra cotta an:bea. The im_ 
portant advantages of the latter ha"e been alre:Wy poinlM. out in 
Ibe.e pap. Roo&, ceilings and partition wall. are now abo 
largely eonstro.ded of thoe light refractory lIl3lerWa. 

Tbe sub&itution of $Ieel for iron in beamll m:l.y be cited as a 
more recent though hardly l~ mdica1 impro,'cmcnt in this 
direction, and, ;rlmultaneously, the introduction by this firm of 
new patternll ror il$ Keel beams. These patterns aTe or nlOte 
<;:onTenienl shape and much more ewnomieal of m:uerial than 
lhe old fOrm5. (See d~on On page 97.) 

Another ehllflge which is gradually taking place is the aubsli· 

tution of wrought iron and Keel lor cut iron in the compoaitioo 
o f colt1IIlI\l. Cut iron is a m:lteIilll, 10 una:rtnin in cilarnctCl", 
that its use has long lina: been abAndoned in bridge oonatruction. 

In buildings the lo&ds aTe generally qu>c:.cent, wd the liability to 

.Budden $hocu is more rcn.ote than in bridges; yet, on the other 
hand, the column!! ICldom ~ccive their loads as fa'fombly as in 
bridges; in moll c:ase.a there exisls OOIl!Iiderable eccentrieity, that 
it, the koacb 00 one aide of the column aTe beo.ier thu.n those 
on the othet aide, and the bending Jlr&i1l5 arising thettfrom ;D

creue the strains from direct oom~ materially. 
The following ace JOIIle or the OOlltiut:eDcies wbieb may arise 

1 .. 
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in the ma.nufacture of c:.tings, and ... bicb preclude IInJtbing 
approKbing uniformity in tbe product. 

In the case of hollow cut iron columns, ... bile Ibe metal is yet 
in 110 molten state, the buoyancy of the central com tends to cause 
it to me, thereby reducing the thickness of the metal Ilbo-t-e and 
increasing the same belo.... Wbcn columll$ are of such. length 
.. to make it necessary to pour the metal into the mould from 
both ends, il sometimell OCCIII""S that the iron becometI 100 much 
cbilled on Ihe 6UIf:u:e to properly mix and unite, thus creating a 
weak team at the very point whue the greatest atrength will be 
needeo:l The presence of confined air, producing" blow holes" 
and" honey·comb," and the collection of impuritiCll at tIle bottom 
of the mould may be further mentioned 1.'1 Crequent 1OUr«:S of 
"'eakllCSll in cast. iron. 

The mor;t critical condition, ho ... evcr, is that due to the une<~ua1 
:ontraction of the metal during the prooe!I5 of cooling, thueby 
giwing rise to initial 1Inlirw. at times of Rlfficicnt r.:.-ce to produce 
rupture in the coiunm or in itt 111&$ on the I!ightesl provocnl.ion. 
In many ta!Ie$, the trouble am be ascribed to faulty d~igning or 

co.relessness in the execution of tile work , yet e .. en under f!l.VOT· 

able conditions, it is 110 difficult to secure equal radiation from the 
moulds in all directions, that C&5tings, entirely exempt from in· 
huent Ihrink.age IInliI1S, are probably Kldom produced. 

;.. a protection against tll_ contingencies, re.ort mUll be had 
~thtt to the crude and uncertain e"perlient of" high safety 
factor, not less than eight or ten, IX" • material, .... cb u1I'l"IlIIght 
iron Of" rolled &leel, must be~. of a more uniform and re
li.ble <:Iu,meter than cau iron. 

STltltL AND WROUGHT IROS COLU~NS fail either by deflecting 
bodily out of a &tnlight line, or by the buckling of the metal 
between riwets Of" other pointt of Rlpport. BoIh actions may take 
place at the same time, but if the latter occurs alone , il may be 
an indication that the rivet..-dng or the thiekD~ of the metal 
is i~fficierot. 

The TIlle has been deduced from actual experiments upon 
wrl)t'l::ht iron oolUIllIlS, that the distance between centers of rivets 
should not exceed, in the l ine of strain, sixteen t imes tI'e thick· 

n~ of meta1 of the parts joined, and that the distan.ce between 

170 
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",(IS <)I" other I'0in~ of _uPI"", It right 1".:lh Co the line uf 
)tnin, Ihoold not: ucee.1 thirty·t .... o t;mC'Ol the thickne:.. uf ..;,(' 

"'''tal. 

On ~'C 89 Kd.ion~ Ire ~h ... ,,-n of some of the IllObl oomll10n 
f""n5ofKed Ind "'rought iron oolumn~. Fil,". J, 1, 14, 161nd 17. 
l.elon!; Co che Cype l.nown IU Closed Co!umM. As;\ b imp .. a". 
licable Co repAinC Chc inoer lur(l~ of such columns, they litoul,1 

I'n:fernbly be used ollly (or interior wurk, "hero the ehang~s 
in lemperlUure Ire not oon.iderable, and the air is CQlIlI:ar<lC;"cly 
.Iry. In plIIC~ e~po..ed to the e~trome5 of temperature and 
unprotected (rom che rain, the pnint on Che inner surface o( Che 
roIumn " 'iIl, lOOneT or I,un', ttase \0 be I IlI'Ole<:tion to che 'roo., 
~'UfJ"(l!oi(}ll will iet in, Rnd, On~ bc,:un, "ill continue as long a~ 
Ihere il uno~idited metal left in Ih" column. 

The I'1'maining figures on Ihe sanle page I'1'llrtlI(:nt t)'lle» of 
CUlUnm5 with open :;«tion~, which rol(lilyadmit of rel'elinting, 
1U>(111'1' the .. dore: suitAhle (01" oul-door .... or!.. 

Of thI'SC, Fig. 15. known II.! Z·botr cohnnn, i. belic,~'(1 to otTer 
ath'.,.nCagd suPeTior to cho5e or Iny other '<Ieel or ... rought iron 
column in the market. 

It~ dlim~ ror 'lUperionly ...., ba.,td mainl) .... the ~"lo"ing 
'1nalitin: 

lsi. 1::":0'11,\1\' I.~ CosT Of M,4.TU\I,4.I~-Thc ;':.llCIfS 11'1' fur. 

ni~hcd at :I redu«d price C<Jn11',.red .... ith channel'! Ind I ~a",· 

n. Ecosor.n' Ill' M,4.SI'I',4.CTUlK.--Onl)· t,,·o I'O"'S of ri\'d~ 
are required, ,..hile four or It"I()re are \tied for any other col"",n 
of an equal sedio"al IIrell . 

.1.1, II IGII Ut,TIM,\TF. RI-',s ISTASo..:J! TIl Cu)lrl.I'.:.5tOS.--t:al'1'· 

[ultesls were made "pon fifteen fu ll ,'ited 5pecimcn~ in which the 
centnl web pll.le!I "'en: rq"~ hy lattice haN. The results, 
for lengths nmging from t4 to S8 radii, 5howed an ,,,,crage ulti · 
Inate I'1'$istllllce per sqnare inch of 35,650 Ibs. ThC'le re-,ul~ lire 
" fa"onble III hue been obtained lOt- closed cylindrical ooIumni 
and arc more {a"ornble than ha,'c been obtained for any othn 
open columlU. For dttailtd rqlOrt of tests IIeC TraD5. AIIl. Soc. 
C, E . Paper by C. I.. Strobel on 7 ... bnr Co!\tmn~. ,\prit, 1888. 
;\ condensed ".,mmary of Ihe resulu is given on IlIIge 173. 

-'"----------------------
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WITII I Ijp.MIS._Whm \l.~ in buil<linJ:', for o;upporling ";ngh: 

floor 1~"'nlS Or double hf..m (i..:Io-I"',lhi, ()<lalil), is of the grl"llt~ 

importnntt, COlllpk'le detai'", of thne C'QImeetions are tho .. '" 
on l"'ge. 9 1 and 9l, 

.flit. .',\\'OI!,Aal r For;", .-,- . 1 "l>Yf:cTr"" _\:<1> RJ'PAI'Tll<I;.

This i. a very de-.irable feat""." wh .. n \l. ... ~1 r.,r 0I.l14ooc .orl... 
In bu;ldini:":. a~ a role, the ooh",n5 are peOl'Rnelot1y eno:;aw<l in 
.. fire-prooling ooml'" .. ilion. 

\\l,en unu<nall), h"a'1Ioods mu"" be 1\rO,'i,k~1 for, fU in the 

('a>c "f oolun"'5 for the lo,,-er _1"ri6 of n ' ry high huildinJ.."', th" 
standard lCCtio,,! of Z·hQr col,,"'n~ may he ",;"f<.>1'«'<1 to Ih" 

mJUired strength by using cilh, 'r 1\ d'mh!.: n'nt",l web "bt<' or 

by the addilion {If ouL>ide OJ" ('r 1,late;, ..... , if n«<) be, "'"h. 
funning Ilm~ R d ....... l or box CI ,lumn. Stand,,...! ~ tn ..... are 

~hown ill ).'1 ...... 4, Sand 6, an,\ oIanda..:1 huil\ ha.<ts in Fig~. 1 

ami 8, l>age 90. 

11H: • ... ndanl c.-)""eeti"n~ fur douhle I beam girdu", and _ingle 

floor be1IrnlS to Z·bRr columns, detailed OIl f"I>:<" 9 1 and 92, ,,-ere 
d('>.ignt'il to fairly oo'-~r the ronge of ordinary proctice. When 

Ihe maximum loads, in ltm" illdieat~-d for ~neh case, aI'<.' ex· 

~. the oonneetiol~~ may he ~pondingly !.lreng1her".,1 br 
!>imply u,illg longer vel1ical anglc~ for the bnI .. lets and in(..::a.', 

ing Ihe numhcr of ri~Ch. In l.-oJlOI1i"lIing IhC'oC OOIlnec1i',~" 

,he sl,enrinll ~Irain on ri"Cb "':llI "",,""'cd of a m,,~;mum inl<·,,_i,y 

<If 10,000 Ills. Pt' ... ,,,are in"h For M~«'I ZI"r (Xllumn.., th" 

nJ:lXimwn loads gin'n for IheM: connec1.ion\ III"Y be .. :&l~· in· 

c~1 IS per ct:1l1. 

On I'"'l:e 90. I'ig~. I, 2 aDd J, ar" shown differenl (onlls "f ti",. 
proofing: IQr Z·bar coh,,,,,,,, ghing th" latter a c~liodriC1l) Or. 

prismatic lini$h ",ilh ro,,,,d,,d CC",I<:n. 115 lIl"y he pfdcf1'Cd. 'Il,.~ 

air 5prr.ce l"'lween the tiling and the meta l ad,l~ 10 ,he 1>ro(<<Iion 

of lhe IMter i" Ih" e.-eHl of fire, The rece.S('~ ill the c.,lurn,,, 

may be Ibnllo good ad"nntage ill huildillg5 roroondUc1ing ,,'al< r 
and g:as pipes, ei<:(:lrio:; ,,-in--, etc. 

Complete tahles of dimen~i(lll~ ru><J jjBf" lowls in lOllS {,.r 

:;.landaI'd Z·t ..... cc,h,,"n~ of <.liflc,n'lll le"I.,'lh< n .... l.'iHn .,n P"l:'" 

17910 196. ineiu,i.'c . 

17:" -



CARNlIOIE, PHIPPS &I .:0., LllllTltD. 

OOLUMNS AND STRUTS. 

EXI·I.ANATION OF TABLI'.s, PAGi5 178 TO 202, INCLUSU·K. 

The table on Ke)"5lone Octagon Columns gives the areas :u,d 
weights corresp(mding to differ<:nl thiek~ of Uletal. Seg. 
mcnls of the>.(: columns will be fOUld on page 54-

The tablcs on Safe 1...oad5 ror Z,bar Columns are applicable I" 
lengths "I' 10 50 feci ror the la'5er nud "P 10 40 feet for tbe 
smallcr columns. Complcte dimcnsions are giVClI oppooite the 
tables of safc loads. 

The tabulated values of saJe loads for I ron Z·bar Columns are 

based upon the fonnula: 46,000-125~ {or length .. exceeding 90 

radii and 35,000 for lengths equal to or Jess than 90 radii. The 
constanU in tbis {"rmula wc...: selccted as gi"ing a very near 
approximation to the results obtained. from a series of tesb 

(already referred to on page 172) upon fifte.:n fun ·size iron 
Z·bar Columns of varying lengths. The deviations ue in aU 
cases found on the side of ufety. 

The following is a condensed SUlleluent of the general re5U1~ 
of these compressioll tests: 

Section 0' 0011l111": "Z-b&rs, 2).( " X3r1 X2).( "-(latticed.) 
R&diu of GJ'Btion-{lAttice ban Dol ~nsidmd)=2.05" 

10'- 11'-{ 
"- .' 

"""" ... . ~ , ... 
9.435 
9.984 
9.480 
9.280 
9.241 

10.104 
9.286 
9.286 
9.286 
9.156 
9.406 
9.516 
9.375 
9.643 
9.3 .... 5 

36800 
34600 
34600 
36600 
33800 
33700 

~,4 

~,8 

It2 

1~,9 

26700 32200 

.. - " 

" .. -

" " -

30700 
29000 
a0700 
28100 
28000 
28400 
27700 
28000 
27600 

.. .. 

173 
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It has been <:U>t.-..nM}" I .. allow 8,000 pourub P'" 1Kju:u-e inch 
in wrnpreeoion fOl" bridge members of abott lengtl-o, which cones--

IlOnds 10 • f.u:toc" of &ardor of 

n-r"renee t'J the ultimate strengtb_ 

" 'ben taken "'ilb 

Ilh-idi"g Ihe eon>ilallt~ in the above j\)rmula by", J75 . we ob

lain nearly IO,Ooo-z8.5 1, FOI" eonv<oniellC;:: and M pro,-id ing a<l-, 
ditional ~urity {or long memher.<. it w:u thought 1\(lvi~hle to 
sul""i!n!e 30 f"r 28.5 a3 the second e(Nh!a"t, t!"'~ rooludng the 
f<mnula to the $hape in "'hieh it appellrS in the uLIes. 

It is to be noted that the allowable IitretbO were a",ulnc..! at 
1',000.nO 10.,000 pounds per square inch teo.pectively for leogth~ 
.. r 90 r:u:1ii ami under. The abo~e mentioned tests on I ron 
Z·bar Columns, IU "ell as fo·mer tests upon oolumru of other 
Iype. 1111 W:lrrant the condu;ion that to thi, limit at least the 
ultimale 5tt~nglh i_. practically..ollstan! in-espective of length, 
though ,·atying ror differeot t)·pe!I or column'. 

The weights indicated in the lleadings of the tables refer to 
Ih~ "'eil;ht I",r foot of the entire section exclusive of rivet hea'b. 
When Yo inch rivets ate used about I,{ pound f ..... each rivet 
~hou1d be added to obtain the gros.s weight. 

No tests hue u yet been made upon full zize Z 1xI. Columll5 
of steel, so Ib3tlheir rewi'·e slnngth eann.:>t be definitely stated. 
E'l.perimenlS t11U~ fM made upon steel struts indicnte that Ii,r 
lengths up 10 90 r.wi; of gyr:rtion their ulliIIl:lte &tr~n:.,,"h i~ about 
zo~ higher th:Lrl (ur iron. J3eyond this point, tIle exc .... of 
$!rength dimini,hes until it be«>mes zen) at .llOUt 20.) rodii. 
An~r J'lR'Sing this limit, the compressive resi tlnee of steel and 
iron seems to become practically equal. 

'111e tahles on "Safe l.oad5 for Steel Zba/" ("~)lumns" were 
[ 

wmpiled on the noove b:tsi5. 1.1oe formula ...ed, 17. 100-57r 

.ry .,. tC:$Ults 201. higher t.'lan tilc ""lues given in the tab!es on 
Iron Z .. W ColumJa (saf~1Y fwor, 4) fur leni,'ths of 90 radii and 



CARNEOfE. PHIPPS & CO., LlMITlID. 

from thi£ point the rlll.o of UttS,l ... ill he fouDd to <i~a5(' aflu 
the manner of the abo .... mentioned eJJXrimmtal reaults. The 
&t~l rdo:rTt<I to here ill what ia known .... mild" -,«I, ha'f'ing 
1.0 ultimate ~Dgth of about 6o,olX) pounds ~r ~11lIIl'e inch and 
containing .. comparatively low percentage of carbon. 

The ndud given in tablet! Oil Sled Z-bar Columlll should be 
u~d only for CMea in which the loadl are for the most part 
fitatical, lind ellu.-,l, or very nearly 1Kl, on opposite ~deaQf COlumns. 
When there i. much /!<;ccntricity of loading, or the lollds I\1C hUb

jed. \0 i .. ddeo changes, the t2bulated ,'.lues mOl" be redue<:d 
nccording to circumstances. 

Caraegie, Pbipp & Co., Limited, are ~ 10 furnish Z-w 
Columnl of 1t~1 at the same price .. for iron, and in vic .. of 
their increatcd strength, it will wwally be found ad • ...ntag«lUS to 
ace the fol'1Ilel'". 

The table 00 the" Ultimate Strength of Wrought I ron Col
umns" gives the strnin per 5q1lllTC inch of .5ection at which 
columns will fail , for vari0U5 proportJOIll of Icnlotth, in fed, to 
iea.'iI. rndius of gyrntiOll, in indu:s. Thiol table should be used 
for coluRlns and struts which lU"e not eyliudrical. 

If the column OT &trot is a single rolled beam, channel or otbet' 
.bare, the radius of gyrntiou will be found in the foregoing tables 
on the" I'Topfflies of Carnegie Shapt$." 

l(the oolumn is eomposed of two channell latticed, the chan
nela are l\!uIlly placed far enough .port M> thllt the oolumn ... ill 
be weaktst in the direction or the web, i. e_.lIl"ith neutral ui; at 
right aJlSlrs to the web, for which case tbe radius of gyntion of 
tbe column is the aame as that or the lingLe channel. But if the 
radius or gynl;on is wanted rorthe neulrnl axis through tbe cent~r 
of &«Iion parallel with web, it can readily be found, as the di,,
t lUlce hetween the center of grovily of channel and centu of 

section Imy be found with the aid of column IS in table OIl the 
f f Properties of Carnegie Chanuel Bars." 

I f 1\\'0 channels are conneaoo by meam of two I)hues, inslead 

of lattice "1"$, as shown by Fig . • z on ~ 89, it ill n«esary to 
obuiIIlint the lDI.lIDCDt of iucrtia {( tbe S«tioo, wbeno;:e the..rulai> 

n" 
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of I[Vration ;5 found as the AqUilnl root of the qoot' .. n! of the 

""~I of inertia divided by the ace. of the.&«tion. This 
D>Omr:nt of inertia., for a neulrul axis, through Ctnter of section 
I><'rpcndi~ulnr to the plates, is equal to the cube of the .... ;dlh of 

th., plait, multiplied by 1yof the tbicJ.ue5/i of the t .... o plal~ 

«hied, I~us the eombined area of the Iwo channel.. multiplied by 
lI,e I<lliolre of the di"tance from their «fllel'S of gr<I\'i1r to the 
",,\Ilral aJt~. For. neutral .~~ in a direction parallel to Ihe 
plak.;, it is equlll to the n>Qmcnu of incrtill of the <:hannels II.S 

roond in the table, increaxd by th" ~ .. ollhe ho'O plates IIII,.lti 

I'h.-d by the square of lhe dblante bctw~n the center of th" 
pi:>.!.:: and the center or the section. 

A eOlnmotl fonn of c::olumn or SImt, to be rerommended fur 

c::ompanuivc\y li.:ht loAds is that formed .simply of two ~I{'~ 

baek to back or fQUl" 1lIlg1~ united eithl'r with a .ingle oowse of 

lattice ba"" or. central web plnte, ali in foig. 2, page 89. 

Tbe radii of Cmtioll tor such !ltmta are tabulnted On paJ;" 
198, 199 nnd zoo. They are gh'en for the neutral ui .. parallel 

10 either flange and for .11 5i~es (of Camq,';e Angle llar<. I II 
CI$CS where four anglros 0.", U5<.'<I, the two \1.1i"" should be Illac .. cl 
fllr enough !IpIUt to make the column wme..t .bout • neutral 
all. parallel to Ibe ce"tral .. -eb or I:micing_ The radi",~ "r gyra 

tioll ... ·iII then be Ihe Ian1e as thnt gi>"fn in the tnbles for n sinl;:k 

pllir or "ngl~. since the moment of inertia of the web plale .!.out 
,och an .... i$ is 10 unall tlw it tOlly l>e eli ri1:"nlcd ctlti",I)·. 

l1te IlIb1" on" {Jllimate Strength or 1I"1I,,w ("a.-t 1m" {'ol 
",nll~" and that on "Safe l.oads nn II"l1olv ()liu<lrie:tl t ·a. I In ... ' 

c"tunm," .... "" romrulM hf (;'.nl,m·s I<",nul" and CUI·e,," 0. range 

of length!. that .. il15eldom he u«~'ded in\'r:1ctke. 

,\ ~llumn i~ lI{uay, luar,,,, ... h~n it h:l.., S.]u.an: t"d~ .... hich 
bull agnin>t ..... ,.re lim,ly eunnccted with an ;",,,,,,vuh!,, aurf3Ce. 

such A.$ Ihe ROO<" of a builJ;ng; it is pin an.! ',/HDY# hari,,¥ 
when one end only is 1q1l2I'C bo:ming and Ihe other presses 
against. dose-fitting pin, .rid it i.5 pi1l kari,~~ when both ends 
are thus pitl-jointed, with Ihe axi~ or the pin~ in panllel dirt!C-

, liolls (for e~;unvle. Ih<' ~ in l,inomne<:tr,1 britlge.;) 

>7" I 
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ElXAMPLES OF APPLIOATION OF TABLES. 

I. What size of :lAw' Column :6 fttl. IMg, .. ·ith ~ brar 
ing cnds, will br ~uired to ~rry a 1.,..\ of ~ ton" u,",ng a 
!lllftly r.1dor of 4? 

AIISI~r: Refcning to tables un iron Z·t..r Columns ( ..... fcl,. 
faclOr 4) we fl,,,\ Ihat for ... lenr;th of :6 fecI, " 1:" column 
weighing 135 III!!. per foot will mo;.! ncarly Dn~Wer the re'l"ire
IlIcnts and will 5Ilfc!y support a load of 202.5 10m. 

From the tahlts on Jlfd 7..-OOr Column" it will he 'lCen t~1lt 
f .... the Icnb'1.h gi"cn, a 12'" column wcighing 118.S Ills. per foot 
will CUT)' ..tely " load of 209. 1 Ions or 6.6 tons in U~ of 
Ihat ~uired. The !Ioaving in "'~ght cfTeeted by the ~ of Slcel 
in Ihis caM: ",·iIl be 11110001 14 per cent. 

II. A "nIt 16 feN long, 10 he fi~ed rigidlyal both cnd5, is 
"c,-'(Ied f(>l'" $Ul'porting " load of 80,000 Jt,.. It i, 10 be «>mr-eo:l 
of two pail"1 of lingle". uniled with a single line of ~" la(lice 
IIIlI"1 Rlong thc central plane. What wdght of nngle~ will he re
'I"i!l'd ",ilh a .... 'fely r.,ctor of s? 

.·".lUttr: We will Rl"Ume 4-3"X4~ angl('~ and determine 
Ihe IhieknO!! of mdal rcquire<1. The angles muo.t br !'I>t"ead J.i"" 
in omcr to lIdmit the lru.ticing. Fronl Ih" tAble .... ' page too. we 
hlld Ihe radius of Ry"uion of a pair of 3~X4"Xl';,," angle.t 
.. ilh Ihe r I<:'l!.~ parallel 1111<1 };i~ lIpart 10 k 1.97". Ilence 

I h~ "atlle (.f t __ 16 _ 8.1, for "'hieh Ihl'" u!cilllate strength, as 
r 1.97 

1"" Inllle on page 197.=.31,680 n",. 

Thc nil"" able ~Imin per !>I!un,e inch wilh a j;Afdy rM"tor of 5 
willlhercfore be 31.680+5=6,]40 Il.I!I. , nnd Ihe arca of the re
'I"ired cro'-5-M'ction 8o,~,34o- l2.6: aquare illehes. or 
3. 16 IqU:lfC inches for each nngle. l ienee the ... eight per foot 
.,r each angle ... iIl he 3.16-;.-0.3-10.5 Ibis. This "'cighl on page 
70, "'i11 I", f.mnd to ~e ",ilh a Ihiek~ of • J inch fur a 
4~X3~ nnl::k 
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KEYSTONE OCTAGON COLUMNS. 
Tbicbme and OJmspoDdiDt; !nru u.d Weighll per rool -Go Ineb Co IDIIID. 8 Inch Colmmn. 

• . 1------.--1 ~ 
.g 4 .... 1t 1I'oir~\ 4 s.r-II. 11' .. ,~\-
t! , : olG"1I .fGill ~ 

u.. 11'"",,\ ~\ lra. .... ,~\ ~\ 
.... 1.. Ik .... 1.. u.. 

I..ML I I _ 1-__ 

ti 14.22 
YI 16.58 

ly,',' 18.94 21.30 

ti 23.66 
" 26.01 

47.4 11.9 
55.3 IS.8 

63.1 15.8 
71.0 17.8 

789 19.7 
86.7 21.7 

9.78 32.0 

11.80 393 
13.81 400 

15.83 528 
17.85 69.6 

19.86 662 
21.88 72.9 

8.2 

• . 8 
115 

13.2 
1 ... 

16.6 
18.2 

l ~ 28.37 94.6 23.6 
~ 30.73 102.4 26.6 

23.89 796 19 9 P 
25.91 80.4 2 1.6 :.. 

I U 33.09 nO.3 276 
1 ..1if.16.4~'J21 .. 18" ... 21-=2.!C.".-+_ 

o Itth Colullln. 

• ", ... 11. .... ,~t 
~ . f lliM 

,., ... J 'lloir~~ s.i:..~ 
Sq. I.. 1.b&. I 

I, 
'. 

5 .60 18.7 
7.13 23.8 

••• 10.20 

1:. 11.73 
X 13.26 

~< [1<.70 '* 16.32 

2S0 
34.0. 

30.1 
... 2 

49.3 
54.4. 

4.. ••• 
7.2 
8.' 

0.8 
11.1 

12.3 
133 

". 

...,.. . 
'ft< I .... :t~~t, 

Sq. I.. -

3.91 130 
4.98 160 

6.05 
7.12 

82. 
9.27 

202 
23.7 

27.3 
SO.O 

50. 5. 
68 
7.7 
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SAFE LOADS IN TONS OF 2,000 LBS. 

STEE L Z-BAR COLUMNS. 
SQU.r.RE EN DS. 

---------~~~~------
Allowed !iraill!) per 8q1llJ'e inch f 12,000 1h1., Blr lengths of 90 radii cr undill'. 

bt $leel; safely !actor 4; l 17,100-57-t. fqr ieDglhs over 90radii. 

6N STEEL Z-BAR COLUMNS . 
S"f •• : • ~&,... 3" obop &Dd t w.~ Plal& 5X~X~.k_ 01 ~!&n.. 

- -

I.trJIl "!!. "':";g .... ill! "'. !lsi ," Y'-<? .... ~ t · '$-:. '1<" ! .. i 1!1 <" <" 
Co'~"" 3~~ r ' 3~.!. "3"!:.I,. .5"';.,.. 30<1- T';! • Or; ·:i ;:;..,..~ .ii ·'1 .. , 

~~ ~. "'- n.! ...;:!! ~o: ~;; ." ." --- ----- - -
10 , ". 70.3 816 • •• 106 7 119.8 

... ~ ud ... \ 
9118 1067 1198 14 /';6.7 ' 03 '16 ,. 

"3 ." , .. ., 3 99. 1148 
19 '" •• 3 '" ••• 936 1078 
.0 4G.4 •• 1 667 79 .9 87.2 1008 

" 420 .3. ., . "3 '0 • 93 .8 
24 386 .. , ••• 686 ,.. • •• 2. 3l1.2 4,. 91. .30 682 ,99 .. 317 413 470 .H . , . ,. . 
30 '.3 3n 420 61. 7 ". . .. - - -

8" STEEL Z.BAR COLUMNS. 
!.lo:t.! ... : 4 1--Ba" ." oil:? oDtil Web Pial> &~'.i"Xtk"u.. of 1--1I&rs. 

~ 1l·~,·IT·~ ~~,' ~ .~ j1'F1 ~.~ ?l.~ 1·.~~,1 i.·~~ 
.." ... ""-A ,_0 OI""....,.':''''! _ .];"'.1 . I 

Col...,.,,, ... '">,, ..,: . i~""" .5"', ~~ .. >10'>,; t:Ji;,; ~r..' -••..•• 
i • .--"':1". "'':;-''. i . ,.~ •. - • 

'ttL _~~~~ :r-.!!! ~~ ~-.: .. ~~ ~~~ ~-!~.= . .:!!~ 
"1 1 1 I . - 1 1 -

oDti 67G84.8 102.4114 213121486167 lI 174 3HH2 
nd .. ) 
20 j6t1 .082 .6 100 5 110G 128.2 146411133 171.3189.6 

22 6191'16.7 96 9
1
tOtl31224139 9

1
1482

1
163.61161 3 

24 tl68746 91.3100 1118l11334139.1 I l1t1 .8 11730 
26 IStI 771.0 88 8 94 81106126 913:.! .0 148.1164.7 
28 62667.1 8 23180610471203124.8 '140.4166.4 
30 ij.4

1

63.3 77.7 64.4

1 

98 .8
1
113 .8

1
117.7

1
132 .7

1

148.2 

32 6369 .6 '13 .2 79.2 93010'1.3110.6126.01399 
34 32166.6 1 887 74 .0 8'11100 .8

1
103.6 11'1.3131.6 

36401 6 1.864. 168781294.396.4109.61233 
38 3'10480 59 .6 , 63 .6 7 t1 3 8'18 89.4101.91169 
40 33944.1 611 0 tiS 3

1
696 813 822 9421087 , 

I I I I 

17. 



OARNEGIE, PHIPPB & CO., LIMITED 

Z-BAR COLUMN DIMENSIONS. 

a" COLUMNS. 

4 Z·Bars 3-3n" deep. 

_i=cc-,I_W~:bcP_I,al~ S!(")( tbickness ~Z-BlT8. ~_~ __ 

Ok','" .1 
~~. 

., n c D E F G H 

.-1--1--
){ 121· 3:4 5/~ 'n 27;;' IJ< 2H 8J4 8){ 

l'i 12~ 3J
1! 51~.r ,~ 2.Ji 1)1< l!)( 8t'S 3~ 

12~ 31i1' 5-1',:r 2~ 2,Yg IJ< 21t 8){ '" Jl" 12' 'f: 51. 2;; 2,Yg I" 2J 8}i: 3~ 
12 3' 5a 'n 2,Yg 1)< 2~ 8 J.ll ,~~. _ 12r;;- 3H 5b 2n 2YL 1"_ _2 _ 7~ 3 

8" COLUMNS 

4 Z-Bars 4-4W" deep. 
1 Web Plate 6Y.;"')( thickness of Z-Bar3. 

180 
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SAFE LOADS IN TONS OF 2,000 LBS. 
STEEL Z-BAR COLUMNS. 

SQUARE ENDS. 

Allowed IIfaint per square iMh { 12,000 Ibs., lor lengths of 90 radii or IIDder. 
ill' _I; uf_y Caclor 4; 11, I ~7 +, t.r ieDgthsovet 90 radii. 

lOu STEEL Z-BAR COLUMNS. 
IodiOII , 4 t.I&nV' ut i W.b Plat.. 1"XWot_ or '-lars. 

"'.I' f 
.., .~ci "'! .!Iod f~Q ~ !!I ~ "" -;i S-!!\,:! ii ;. ii .!'!¥f 
'lt1 

It!: • ..., t:i f!l it,., ::: rn 
00I,~ 

n J "'7 -·1 I co: 1 ! ... j '!1 in .- l'1i 'if, ii' le · ,a, "- !1i m ,i . ,' .. HI .I! •. 1 
"" ~~ "'-~~ ~~ ~~ .. ~ ~ ::Z.!':' ~r ~=--" 

!f} I I I I .... 94."11114.2133.9147.0166,2186 .6196.° 1214 .912340 

2. e.e,no .• "3.1144.6 '.4.6'.' ~,e3.6 21 •. e2.4 • •• 89.31086128.3 139.2 1I~8.71"t8 . 186 .6206 .2228.6 •• 8tJ.8104.4123.lI133.8 162.7 172.1179.8198 6218 4 •• 82.3 lOO .2118 .7128 " 148 .~166 .6172 .2190.8210 .2 

.2 "188 9S.1113. 123.0140. 168.91615.0183.11202.0 .4 76.3 91 9 109.1117.6134."1 111-2.31&7.9176.4 193.8 

.6 7' •• ~ ~'04 31122 12 •. 7 1"·II".7'.7T.M •• 683 8 .6 99.6106 .8122'1139. 143.6160.01'174 
40 645

1 
79.4 94 .7101.41 116.71 13:U~1136 . 1) II):U 169.1 

42 613 '1 15 3 899 96.0110.612.15.9129.414461609 .. 67 ~ '11 1 811 .1 90.6104.6119 .3122.2136.91152."1 4. 642 67. 80.3 8621 986112"1116.1129 .21144 6 4. 60. 62,8 '111 6 '198 92 ,6106 .1 10"l9121.b 136 .3 ,. ~ 158.6 '107 744 86.6 1lI9 6 100 8113.6 1281 
12" STEEL Z·BAR COLUMNS. 

!ietl.LOlI : 4 t-Bul6" .",.UlJ I W.b PIa\4 8"Xu.ieu. ott-8u1. 

~" "f' . g!l ' ",~ .. ,~";. ;.!I:; ;J!i .. ..,. n'l ,." F1 - .~ _ .. <&0 

111'<"1 T,ni""tl ' !i ",_.i"c'. -;;~ 3~l '.1 
,m .o7-j _Ijil.:! -7i !;Ij":' ~~ • 1; .. 'i ~ .. ! " "I: - l'i-Ii -,,-

T .. L ~ ~ ~~ .. ,~ .. .. ~ .. ~-:,:::.! .. ;;.q-;: ~~ ;:rlf ~ .. } 
128 31 1150 .31 172 .6187 .3209 :~1:31.0;243 .01264 . 15 1 286 1 .:t". .. 127.0149.7172,15186.0

1
208.91230.3240.8261 .4282 .1 •• 123.0 11415 .1 167,6 180.21202.15,223.3,33.2i2153.21273.2 

3. 1190140.15162.4174.15196 .1216.3 215.7246 .0264.2 • 4 1lO.1130 .• '07 .• ' •• 7" •. , ,2··f '•·2" ••. ll20' .• 3. 111 .1131.31112, 162.9183.4202.1210.6228. 2463 3. 1.7.,,26.7,46.B,07.,,77le'.'2 •• "22. ' ;237 3 4. 103.1122.11141 .1) 11)1 .4170. 188. 191).81211 .912:J~ 3 

42 99.111 "1 .& 136.31415.15 164 180.9188.0203."11219.4 .. 95.1112.9 131.1 139.8 ' 1l)8.0 173.9 180.1511915.15 210 4 •• 91 .!l108.31126,2134.0 , 161.6 166.8172,91187.2 201 .4 

•• 8'1.2103.6120.7128.21411.31159.81615 .4179.01924 ,. 63 2. 99 I 1115.15122.4 1389 162.7 U17.9 170.7183 l) , ,., 



CARNEGIE, PHIPPS'" 00., LDIlTIID. 

Z-BAR. COLUMN DIMENSIONS. 

_., 

1/ •••• ~ 

""i· I '" 
.. L-{;_,~.; '1)0-..... 'vi ; 

1. ••• c ..... L-.~~j 
10" COLUMNS 

"Z-B!n 5-:;~~" dee:p. 
1 Web Plate 7"x lhickllt'SS of Z-B:us. 

F (; 

---

12" COLUMNS 

" Z·Ban ~~" doer. 
I W~b Plait 8" xlhickness of Z·nal!. , 

(' " 

,so 

E 

• • • • • • • • • 

F I (; 
, , , , , , 
2 
2 , 

II 

II 

'" ... " ", 
if! 
", ", 7 



CARNlIIGIE, PHIPPS &I 00 .• LlMlTED. • 
SAFE LOADS 1...'1 TONS OF 2,000 LBS. 

STEEL Z-DAR COLUMNS. 

for IlMi j 



CAR~~';;:' PHil'!'!"' " 00 •. : ::.fI·JL" 

Z·BAR COLUMN DIMBNSIONS. 

.... 
. . r····· ", w<"',,' __ ' 

i 
14~ COLUMNS. 

I, 

4 ZBan6' ;" X U". 
I Web PlaIlS"xl"'. 
t Sid, Plalet 14" wille.. 

:-- I 
" 

... 



CARNBGIB, PHIPPS &; OO~ LDlITlID. 

SAFE L O ADS I N TONS OF 2,000 LBS. 
STEEL Z-13AR COLUMNs.. 

radii or o.nder. 



• 
OARNBOIIt, PHIPPS .,. 00., LII4IT:&D. 

nA_ 

" .'" Plot.. 

Ji 

* R u 
I' , ' .. 

: .... .': r····· ···i ·I"·· -'!,'1 

14" COLUMNS . 

"Z-Bvs 6,¥'x ti"· 
I Web PlaIe8I xtt". 

! Sid. PlaIII I"" will .. : ___ ,-__ _ 

-,1-;;-1,1 
--: 

14~ OOLtJl4NB 

" Z-Bars&A"X"". 
I Web P1aIe 8" X "'''. 

B Sid. Plalel W' wida. 
1 

.\ 11 

'06 

--
I I 

11 
I I 
I I 

: ! 
I • 

c 

I)' 
Iii 
1)< 
Iii 

"' Iii 
III 
I~ 
Iii 

, 

D 

10" 10" I'" lOX 
I", 
tl}~ 
I", 

I'" "", 

D 



r 
CAltNI':UiE, PHIPPS & 00 •• LJl4lTlt!!. 

SAFE LOADS IN TONS OF 2,0<X> LBS. 

STEEL Z · SAR COLUMNS. 

!llowed IIraW per ~ure iaeh {12,000 JIlL, (ar leD(tIuI of 9OradiiorlLDci8l'. 

IJr ... 1; oN.y fador 4; 17,1(1)....67 :" tJr I .. OYe!' 90 radii. 

16" STEEL Z-BAR COLUMNS. 
s...-, 'I-lusl!,,"','.". \ ... I'\.o.\t 10'")(1". *OOfWool ... ...... 

• 



-I---------====J='-
CAPNEOU P ~IPF 

~-
Z-BAR COLUMN DIMENSIONS. 

16" (x)LUMN8. 

4.Z-Ban6~"x1f;". 

I Wt b Pi&1t llY'x l" . 

_-_' _Sid_'_P·"_I6"C~w~;=d':'-_,-'-_r-_ 

"'"-, 
~f'>--.••••• JJ .•• • -•••• ?~ 
: : ,.,.. ..... ..,,' • ..+- ; /KT . . -- <'"1 ~'_' ~ 

._, 
;c:r .... /: 
\0,_ -· It "" · -' .. ... , 

• ,. .. ~ 
Yo 
I. 

" II 
j( 
II 
Ii 
/I 
1 

18" COLUMNS. 

4 Z-Bar16'Ai"X~,,". 
1 WebPl&1t 12"x l". 
2 Sid6 P1aiell 18" '!fide. 

.. ·_ .. ·-91·· .... - .. , 
'1 ! 

1,_ - Il ",I t' .. 
/ ..... ~.. .••••.••. • .:J 

.1">-' __ . ,. B" 
,.,.Cl~" ~=~ , ~ FT ... ;, j1 
IV - . / i _.s 
~-.--••. - W' ....... :' .~ _ 

~ 

18' 

A n c 

21 1'. 7H IU 
fly' 71', IU 
fit. 7!4 II' 
flU 7{', II' 
21J( 7H II' 
flit 71', II' 
21U 7~ tJi 
f2 7/, lJi 
22f, 7~ I." 

" 

I 
.\ 11 (' Il 

!3 7}t lU 14)( 
230 7h 11' 14y.: 
23}i 7)4 lJi 14Y.: 
231\ 7h 11' uJ.{ 

fSJ( 7~ 11' tN' 
2311 7..0 I U 14~{ 

23UI !~, IU 14!{ 
!S ,'i' 7/, lJi I~ 
23>' 7a lUI 14', 



CABNBUlJ:. PHIPPS &; 00., I..J:KITBD. 

SAFE LOADS IN TONS OF 2,000 LBS. 

STEEL Z-BAR COLUMNS. 

Itrain.! peT squre inch {12,000 Ills., for ItUglht of 90 radii 
ill' 1iM1; afely factor': 17,1()O...:j7"}, for lellJlhll over 90 radii.. 

2()" STEEL Z-BAR COLUMNS .. 

2(),' STEEL Z-BAR COLUMNS. 

• 



CARNBOlB, PHIPPS & 00., LlMtTBD. 

Z·BAR COLUMN DIMENSIONS. 

20" COLUMNS 

4 Z-Ban., 6}i"X~", 
I W. Plait, !.f."x l ", 

Side Plats 21l" wid .. 

n;.k_" ,..,. A II ...... ........ ., 
C D ...... 

Ii " 7y' 1J.;i " I<' , .. 
H "I< T/. I), " :< .. 

· I ",\ Tii I~ ":< .. 
~ I, "I<' ?II I" ":< .. 
! I ~ "I. Tj{ I~ ",., .' 

Illr "Ii Ttl 1'", ":< rOllr. 

• Pl "I. '" I~ 18:< .' 
• !lr "t. Til Pi 16,!{ .. 
;;j 
~ Iii "" 8 I', 16" 

i II. "J( 8h " 16" .. 
.~ 1J4 "II 8" Ih 18:< .. 
= II. "% 81< I~ 18:< .. 

Iii "II 8:< I~ "" 
.. 

IiI 88h 8/. 1 1~ " :< .. 
1:1( "" 81i '" 16" .. 
III " I< 8" I" ")4 .. 
Iii ":< 8" 1'. 18,., .. 
III Mf'r 8/. 1>. 16)( .. 

'90 



OARNEGIE. PlllPPS &: CO., LWlTltD. 

SAFE LOADS IN TONS OF 2,000 LBS. 

STEEL Z-BAR COLUMNS_ 

SQUAR[ [NDS. 

Allowed !train.s per lIquan inch {1:2,000 Ills., for lengths of 9Oradiior mnder. 
fill' awl; safely facior 4: 17,100-S7+. for lengths ner 90 radiL 

-- ---

20" STEEL Z-BAR COLUMNS. ..... , ~ t-1I&rt "itxJ,". 1 li'.~ llalt 11")(1" .• Sdo l!ot.t6 JO" ...... 

-

i'· 
. Ii!! . 

~~1~ 111 ;~. 
j ;i!! l·~a g,. .' • ':1 1'! l~ ,! ·1 ~51 .:!; ~ ~ .1 ~. ,;!$7 .i!~d .:!~! 
f' ~!! i 1'J! ~!i'i ~J~ ";l l. ~ :t' 1 ~ ..e:1! -e1! <'JA "'.lA ~j~ e!'" ",. • J' ";l1l" ~ .. ~ .. .- i- .- 2- ,2- 2- .-
44}1 I I 'I ' :::. 808.11823.1838.118113.11868' r83.1898.1 913.1 928.1 

46 793.7808.3 ,8'!3.0837.11 8112.1866.7881.28911.8 910.4 
48 778.2(19'a.1I,806.9821 .2 8311.11 849.7864.0878.3 892.6 
110 762.6("76.71790.81804.7)818.71832.81846.7860.7 874.7 

20'1 STEEL Z-BAR COLUMNS. 

Sodi .. : 4 1·1uI"'''X~N. 1 li'.~ Plait 14"XI~ •• SiM Plaltll JO" 'OI'ido. 

ii.!!. 1~ 
• 

~!1 ~ij 
~ ... , Uj 111 1~ I l~ )a "; .1 ,-

~·i ~~i 
., 

!!!~ ~~ .<! ; ~ .', :tli ~I.! 5j 
-.I' • ll~ ~,k :t.l- ~ I ~ ~ - ".I-, oj · ~J' ~-" .J' ;1-'" 2-" .- .- .- .-

42} 943.19118.1\973.11988.1 .:t.. 1~ ~IOI·t~"~·1 
44 943.19118.1973.0,987.8 lOO"'IOI"'I032'~1~7'3 
4. 9211.0939.6954.2968.8 983. 997. 1012. 1026.8 
4. 906.9:921.1 19311.4 1949.6 963. 978. 1 902. 1006.11 
'0 888.71902.61916.61930.11 944.11 9118.4 972.4 986.1 , 

191 



-
CARNlWIB, PHIPPS '" 00., LllL :zo. 

Z·BAR OOLUMN DIMENSIONS. 

" 
.If 

1 
I' 

~-

20" COLUMNS 

4 &-1I&rt, 6}i"XJ'''. 
1 Web PWe, 14"X \". 
6 Side faits, 20" wide. r n<k __ A H -;:r J) ...... 

.... kU •. 

• 261< 81< Ii< 16,1/ 
2/, "" 8U Iii 16)( 
2:;: 261', 8)( Iii 16J( 

, 21", " I< sa Ii< 16fo( , 

'" 'J( " J{ 8i> Ii< 16J( 

! 2\', 26/: su Ii> 16).( . '1< "u , Ii< ISJ( • 
;i 21', "'''' 9,', Ii> ISJ( , ." "''' ." Ii> \OJ( 
~ 1? .. !l!, ' t, Ii> ISJ( 

j '" 27J( 'J( Ii> 16J( 
' 11 271< 91

J, Ii> 16J( 
. ~ Zlt~. ." Ii< ISJ( 
' II "''' 

9l, Iii 16J( 
'i> 'nt, .. , 

" Iii ISJ( 
I!U "'II 91'" t1, \OJ( , !7,l( "- I~ \OJ( 

.e2 



- -
CARNEGIE, PHlPPS & CO" LrMIT!ID. 

SAFE LOADS IN TONS OF 2 ,000 LBS. 
'IRON Z-BAR COLUMNS. 

SQUARE: ENDS. 

6 " Z·BAR COLUMNS. 

. { 4. Z·Ban, S" detp. } 
SectiOD; 1 Web PI. 5-)f;"xthicuesi of Z.~ See Pagt ISO .. 

Allowed. strains per square ioob { 8,000 lbs., tlr ltllglhlGf90 radii or under. 
br wrought iron; safely factor 6; IO,fi00..-30 +, for lengths over 90 radi!. 

":I" 1~ r j~~ i '. ¥'. f" r" r " r" r" "'.- r l ~.l ;~ r ' 'i "!1 3~1 -, 
.J~ 

~';i' · '11 ,;'1 .. 'A OIl HI " ,., 
~ .. ""= -i'.!!= ~ . .. ~ .. 

1 • } ... 3 7 .3 46.9 ~4 . 4 a3. 9 70.6 79.9 
.. dor. 

14 8 S . S 46 .6 63 .S ea.8 ~OO 79 .9 
16 30.0 444 61. 2 '0 • .7 '16 .4 
16 33.' 4 2 .2 48 .6 67 .8 63 .4 7 ' 7 
.0 3 1.4 40.0 46 .0 64.9 60.0 69.0 

2. 29 .6 37 .7 43 .4 ISl .9 66 .' 6 0.3 
'4 27 .8 3 6 .11 40 .8 48 .9 ' . 3 61 . 't •• 2S .0 33.3 3 8 .2 4 6 .9 60.0 6'7 .9 •• 24 .2 3 1.1 ." 4 2 .9 4'Z 64 .3 
30 2 2. 4 28 .9 8 3 .0 40.0 43 . 60.6 .. 20. 6 26 .'1 3 0 .4 37 .0 40 .0 48 .9 
34 18 .8 24 .4 27 .8 3 4 .0 3 6 ,6 4 3. 2 
36 1"1 .0 22 .2 211 .2 31.0 33.3 3 9 .11 
3. ". 20 .0 22 .6 28 .0 3 0 .0 31S .9 
40 13 .4 17 .8 200 26 , 1 .6. 32 2 

Allowed sln.ins I*' Iqlll1N1 inch { 10,000 lbs., for leu.g1hs or 90 radii or IlDdtr. 
Corwrooght iron; aret, racier 01 : t( lo,600-30h for lengths over 90 radii. 

1 • } .. 48.6 ti8 . 6 68 .0 79 .9 88 . 1 99 .9 
.. dor. 

14 46 .0 fi8 .8 67 .8 79 .7 87 .6 99 .9 
16 4 3. 7 IUU~ 64 .0 76 .0 . 3 4 91UI 
18 41. fi fi2 .7 60 .6 72 .3 79 .2 90 , 
.0 3 9 .2 49 .9 fi7 .fi 68 .6 7& .0 66 .8 .. 3 7 .0 47' fi4 .3 64.8 70.9 81 .7 .. 34.7 44 .4 fil.O 61.1 66.7 77 .1 
.6 3 2 .fi 41.6 47.7 fi7 .4 62 .fi 72 .4 •• 3 0 .2 8 8 .1} 44.' 037 fi6 .3 67.9 
30 27.9 86. 1 41 .2 60 .0 &4.2 68.8 

3. 2&.7 3 3. 3 8 8 .0 46. '00 &8.6 
. 4 28. 4 3 0 .6 3 4 .7 42 .lI 4 &.8 lI4. 1 
. 6 21 .2 27 .8 3 1. lI 368 416 49 .4 
3 ' 18.9 ., 0 28 .2 301 37' 

~: = 40 16.7 22 3 2 &_ 0 31. 3 333 
103 



CARNl!X)IE, PBlPPS '" 00" LIMlTBD. 

SAFE LOADS IN TONS OF 2,000 LBS. 

IRON Z~BAR COLUMNS. 
8QU"R~ t"DS. 

8" Z~BAR COLUMNS. 

. { " Z·Bars. 4" deep. } 
Section: I Web Pl. 6W'xthi~kDe.ss of Z.Ban. Set PfI(e 180. 

8,000 Ills., for leDg\hs of 90 radii or QJlde,,: 

~;l;;~~~ill~~~ll),tlOO-3O +, tor length3 over 90 radiI. 

or IIlIder. 

over 90 radii. 



" 34 
3. 
~g 

3. 
34 
3. 
3. 
40 

,'6 & 0' . IloIlTED. 

SAFE LOADS IN TONS OF 2,000 LB8 . 

IRON Z-BAR COLUMNB. 

Section, { 

S Q UARE ENDS. 

4 Z &11, 0" deep. 
t Wtb PI. 7"xthil:kous of Z·Ban. } See Page 182. 

8,000 1be., lIr lqthuf90 ,..dii or 
10,600-30 -!-. IJr \qthI (Il'tr 90 radi!. 

98.0
1
110.8123.8130.6 ,,,,.~ ,,,,.o I 

91S.7108.9122.3 
92.9106.7118.8 
eo.O 102.1S 111:0.3 
87.2 99.4111.8 

9fi.lll1.6
1
122.6

1 
93.2109.9119.7 
90.1S 106.8110.1 
87.'1103.6 112.6 ":l:~,l i'.:;'i il:K 86.0100.4 109.0 I; 



n 
3. a • •• . , .. •• '8 
6. 

o RNlirIE ~HIPP8 '" 00., LIMITBD 

SAFE LOADS IN TONS OF 2,000 LBS. 

:lRO. Z-B.A.R COLUMNS. 
SQU",RE ENDS. 

12" Z-BAR COLUMNS. 

4 Z Bart. 6" deep. 
I WebPL8" xllIitba olZ-Ban, SetPa(t III:!. 



OARNEGIE. PHIPPS &: 00 .• LI1IIlTEO. 

ULTIMATE STRENGTH OF WROUGHT 
IRON COLtTMNS, 

For different proportions of length in reel ( = I) 
To least rndiu$ or gyration in inches (= r). 

Ultimate ~!re ngth in lbs. per square inch = 
ColumD. CohUIID. 0>1-

Square Bwing; PiIt &Ild SqIlAt1l BwiDt; PiIt BeAriDg; 
'0000 '0000 <0000 -(121)' (121)2 1 + .J!!!L 1+ 36000,- 1+ 24000r' 18000 (' 

To oblain Sare Resi'lance: 
For quiescent loads, as in buildings, di,·idc by 4. 
For moving loads, as in bridges, divide by b. 

~ 

Uitimale- Strtngth in Lbs. 
~ 

UlIim.a.Ie Sltength in Lbs. I }HIT sqllAt1l intb. I . per sqlWtl iD.th. - - -, Pin aDd PiD. 
, 

Pin and I "'-~_ SqlWe . .!I1UIl&. Sq\l&n. SqllAre. 
~-

8185<\ 28900 I 3.0 38<110 "'" "'10 as ""0 
8.ll '8"0 8768' .,," 82 '1620 2l1OOO "'I' 8.4 88230 37'00 "'I' 8.' SII9(I "100 25570 •. , - 87110 .,'" 8.6 00lI7O 27700 25100 ,. 

"'" "'10 8.\II6Il 8.6 00." 271\1' 2<700 
'.0 37.00 86500 &54" '.0 "I' ''''' """ ,., 

"'" 86170 85060 '.2 29880 "'" "'" 4.' 37120 "8" .,," 9.' 29550 26140 23400 
4.6 36870 35500 84210 9.' "'" 257" -.. "'" 85140 33770 '.8 28900 26370 "620 •. , "'" "'" 33330 10.0 "67' 25000 22220 
52 36090 3«20 S2II9O 102 "'" '4600 '18>\ ,., iI5820 "000 32«0 10." "'" ,<2" 21«0 
5.5 ' •• 40 8367' '1980 10.6 27600 "'" '1060 
'.6 352" "'" 81520 , .. 2727' 23500 '0000 ,., "'70 S2II9O '1060 11.0 "'" 23170 20980 

" '"'' 92500 30500 112 "'40 221120 19960 ,., 84870 I 32110 00100 It." "'" "'" 19610 •. , 34060 SI7IO 29670 11.6 "'" "100 1trl70 .. 33750 StalO "'" 11.8 - 210lIl ,8')00 
7.0 33«0 00910 "'40 12.0 "'" 21460 18500 
72 33100 30510 23270 12.2 ""0 21130 I"''' 7.4 ""10 30110 27820 12.4 ,.no 21010 1"'0 
7.6 32<00 "'10 27360 12.6 2,,,, 211400 17620 
7.6 32170 "'10 "'10 12.8 , 24170 20180 17310 

, 
107 I 



, 

CARNlWtB, PHIPPS & 00., LIMITED. 

ULTIMATE STR'''TR_~ 
13.0 23870 19850 I IU 23570 
18.5 231«1 
13.8 22700 
1 •. 0 224.20 
14 2 22100 
IU 21740 
IU 21820 
15.0 21050 
IU 20790 
15.6 20290 
16.8 2OO21l 
16.0 19760 
1112 liMO 

" . ., 
19110 
18610 

''''' 18100 
176" 
112'" 
"1120 '67" ,..., 
16010 

".., 
15310 
14920 ,,,'" 
14290 
14040 
13690 

IS'''' 

.. , 
'&2 ... .. , 
19.0 
\9.2 
19.5 , .. 

"'''' 172110 ",ao 
"57' 
'''''' 16170 
158711 

"57' 15380 

'''''' 14410 
14100 
18'/" 
""'" '3300 
13100 

""" 12630 
"'5O 12190 
"980 

.... 
"3110 
11500 
"320 
t1t.f.O 

""'" '0700 
'0<50 ,"'., 
\0\30 

"" II671l 

"'" 93110 
91in 
8970 

RADII or GYRATIOli FOR TWO ANGLES PLAClD BlGI TO BACK. 
ANGLL. WITI1 lUlU"'" LCGS. 

f, ~ ~ 

"It '·r ~f- "fT 
Radii otGyratioa yonD., ~~d jo direetiou iDdicated bllntlw-huds. 

... 1·~I~~I.r lua 0' IlrunGi. 

, .. Moo ~~_,._~I_'_, _1_'_'_ . x. I ,', I 16.9 1.87 I '.5O I 2.67 2.76 " J' 32.5 1.81 2.57 2.75 2.85 
Ii x5 }i 12.1 1.56 2.09 !.!6 2.3& 

.. Ji 26.6 1..(9 2.17 2.85 2.45 
'X.f. Ji 9.6 U3 1.68 1.86 1.96 

U 19.5 1.\8 1.7S 1.94 !.tw 
hx3'; .H 1!.3 1.07 1.47 1.66 I.Th 

.. I" 16.8 1.02 I.SS 1.14 1.S/) 
11 xli A •. 8 093 1.25 U3 1.63 

b 11.2 0.88 1.32 Uil 1.62 
2·; x 2}.' '" U 0.85 1.15 UU I." 

~ !) 8.-' 0.82 1.19 1.39 1..4.9 
2,hx!h ~ ',0 0.71 1.06 t.-U I.M 

" 72 7.b 0.74 1.10 1.29 1.40 
2:,(x2:': <{ 3.6 0.69 0.96 1.14 1J!.4, 

" )~ 6.7 0.66 0.99 1.19 UO · .. 



CABNEGIE, PHIPPS 41 CO., LIMlTED. 

RADII OF GYRATION FOR TWO ANGLES 
PLACED BACK TO BACK. 

ANGLES WITH UNEQUA L LEGa. 

" ,rt '. 

"IT 
--fJ[ 

W' W' 
Radii of (Jyrali~n riven, oomspond to diNciions iodica!ed by !rTOw-bead.!. 

... Iru- Yflplr lUll 0' GrunD!. ..... , .... , .... ~ '. " '. '. - ---
7 x3 1 ' ;, 14.7 '26 \.2t I." t.47 

" 7 . , 81.7 <I, 1.8t ,.00 I." • Xl ~ 
1<, 1.93 1.50 1.67 1.76 .. 26.. 1.86 1.58 1.76 1.86 

• Xli.' : " \1.4 1.94 \.2' 1.48 I." 
" j ' '" 1.87 1.35 I." 1.64 , Xl " 10.8 1.59 1.58 1.75 ,." ., 

a 23.7 1.52 1.66 ,." I." , x8' ' \0.2 I." 1.33 \.5t I." " /,. 22.3 1.53 1.42 \.61 \.7t , X3 n ••• 1.6\ 1.10 1.27 1.37 
" 19,5 I." 1.18 1.37 \.47 

4,}{XlI &9 t.44 1.13 1.3\ 1.41 
" If 1&, 1.38 1.23 \.46 I." 

.. x3X 'i &9 1.25 1.43 I. .. 1.71) ., 11 1&, \.19 1.50 1.69 1.79 

.. x3 ,.. 7.0 ..., 1.17 1.35 I. .. 
" 11 '<7 1.21 ,-" 1.45 1.05 

3J(~3 1'1 
., 1.10 1.22 1.40 t.49 

IS.'" 1.0< 1.30 1.50 I." 
3XX2Yt ft '.8 1.12 0.96 1.13 1.22 ., 1<' 1.06 1.00 1.22 1.33 
3:.( x2 '{ .., 1.0< 0.7'" 0.00 I.'" .' Jl " 1.00 .79 0." 1.10 • X2F ,. 0." 1.00 1.18 1.28 " /,. 

{. , .• .91 1.00 1.23 1.35 

• x' t! •. , 0.96 0.75 0.98 1.00 ., 7.' 0.92 0.01 1.00 1.10 
2X,~2 

* 
., ." 0.79 0.87 1.07 
'.7 0.75 0.8< 1.0< 1.15 

'00 



- ~ -

CAt:NE,n: PH!PPS .'. 00 .. UMlTItD. 

RADII OF GYRATION FOR TWO ANGLES 
PLACED BACK. TO BAOK. 

"I'tGLES WITH UNEQUAL LEG •• 

..2- '. ' . -- -• , "l-y"" "r.,r r. ! 
• 

"" Ii" 
Radii of Gyration sl'en. coml5polld to directious iDdic:a1ed h1arrow-btads. 

•• r- 1Y::r:r llDIl or aruTlOJ . ..... ..... rn ' r, I r. I r , 
.~3" ~ 1 •. 7 

.. --:-::- -f--
y 0.9[, 3.37 8.M 3.66 

31.7 .... U, ." .78 • X4 II .. , 1.17 ". ." '01 .. i< "'. 1.11 . " 'II! ... 
• Xli' . n 11.4 ... '" '1111 U • .. 2" ... , .. '" U, 
5 x' II 10' 1.20 , .. ..., 

I 
'" .. 

a 
... , 1.14 '" 2.48 '.58 

5 .' , .. I.(rl .. , 2.~r. ..,. 
• ,as , ... .. , 2./)6 .., .. , x' n 9.' ,." .~" '.52 

I .. " .. 19. , . ., , .. '62 ." 
.. ' ~x3 H ., ." '" . ... .... .. .. , , .. .., 

'" , .. 
• x3,'~ r. ., 1.116 1.7. 1." 'II! .. .. , 1.01 1.81 '01 '" • x' (I 

,., ... 1.70 1." to, .. ,., OS, , .. .118 2.18 

3' .x8 If 
.. ... 1.62 1.11 1.80 .. 15.4 '.85 1.61 1.81 1.91 

3',x!}. " .., 0.74 1.58 1.76 ' .86 .. II '" ,." 1.66 1.86 1." 
3)(x2 ~ U 0.67 1.51 1.7. 1.80 

~ &8 ,~" 1.67 1.77 1.88 , x2',~ ... 0.75 1.31 1.60 1.59 .. I. 9~' ,." '" '''' 1.66 

• x, 
P-

,., '.58 1.38 1.56 1.66 
.' ,., , ... 1.42 , . ., 1.78 

!\X2 I f: 
., , ... 1.10 1.88 I '''' .. ., '.56 1.16 ,~" J 1.66 
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ULTli"dATE STRENGTH OF HOLLOW CYLIN-
DRICAL AND HOLLOW RECTANGULAR 

CAST IRON COLUMNS. 
Ultim:lle Strength in Pounds per Square Inch! 

CVU XOR ICA L COLUMXS. RIOCTANGUI.A R COI.U)lXS. 

Squutlo&riJlc: Pi~ a Squro: IUhri~" Sq ..... a.n." Pia a 5q1W't: Pi!. Jean." 

80000 80000 80000 ..., 80000 80000 

1 +(121)~ 
"d' 

1+ 81121)2 
l600d 2 

1+(12 1)2 
4.ood l 

1+ 8(121)2 119;.12l)2 1~121~ 
32OOd2 MOOds 1600d" 

I=Length of Colwnn, in feet. 
d-Eo;temal diameter or Jc~ side of rectangle, in inchea. -CrulnRlC1L OOL!l1lD. UCI'lJGUUl OOLUlJS. 

I lllWIf SltOI>(Ik .. u ... per ",. i .. lllliaalf Sbu(tk i. lho. per ",. IL -
d =. t~ I Pi~ JIooriO(. ~ .. ~~."" I PUt Bo&riO(. 

,~ 

1.0 - "'" """ 70,"' "", I "'" 1.1 '.1690 - .,," - '42SO -1.2 63630 57 .. .2690 - 61940 57600 

I.' 6UWO '"'' 4.9740 661" .9600 54'" 
1.4 59140 02310 "9011 """ 57210 5"" 
I. "'<0 497/0 44200 '1350 54960 ""SO I.' 547SO <7:100 41630 69450 52680 <7:100 
1.7 """ 44'" 39210 ''''' 604SO 44960 
1.8 ,,",0 42670 "'" '5.70 .6300 42670 

I.' ,""0 40510 347" 53800 4li23O 4.0510 

2.0 46510 384SO """ 51940 44200 384SO 
.1 44600 36520 - SOISO 422SO "'" ., 

"''' .16SO "ISO . 84110 '0400 346110 

" "'" 82940 27540 "67" 38630 32950 

" S9280 3131\l """ 44990 36930 31310 

2.5 37650 29770 2"20 43'90 86310 297SO 
~, - 28320 233llO 41820 83770 28320 
.7 34000 26950 ''''70 .11320 "'10 26'" ., 83ISO 25670 20930 38870 30920 "'" ., 31100 2«SO 1m 37470 29600 244SO 

S.O - 233" 18810 36120 ",",0 """ S.I 29310 22250 17940 "830 27150 22250 
S.' 28140 '1250 17070 S3680 26030 21250 
S.' 27030 2Il3llO 16260 "'" 249" 203lI0 
S.4 25970 19410 15500 31240 23'<0 1~10 

),or q~iesoeQt load.s, as iQ bu.iJditlgs, divide the abon Vallles by to. 

2(" 
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CORRUGATED FLOORING. 

The trough ami cO"""I,"l.(cd I)\nlo:o l-eCtions ~hm' n un \ .. \;<' 53 
IlK u>e<\ for floors of bridges lind tirt' proof b\lilding~. 

The following tables gi"e weights in iron lie' lineal foot of each 
rolled If:Ction and pcr square fo t or floor surface for thicknesses • 
~ary;nl:' by n inch: .1-0 the mnmeDli of reoi>lance rOf one foot 
in width RIM Ihe safe 10.,<1. per !Y[uare foot /(" ~p.n' of diffcTC'lll 
i<'''b'lt" u~ing Ii!'cr blrains of 12000 and 10000 HI", 

J1 
, ., ", 

~ 

• • , 
, , 

-=c . 
~ -_. r 

, ! 
: .. -. " .. . " .•... r ···-, 

PROPERTIES 0)' TROUGH SEOTJON. 
--

SettiOll ilIdu . ~tlO 'III MI2 MIS \1\4 
TbickD_ of bull . ,.'& .t!7 ,1'33 ,It, ,f., Weight per liDW toot •. 
Weith! Pu IrI.II&Jt bit . .... " . ., 80.70 33." 37.00 
Momani or rmsl&Doe. . " ... Is'o6 14057 16.12 17.67 

-~ .. 

SAPB LOADS IN LBS. PER SQUARE FOOT or FlOOR fOR SPANS or 
D1PrERENT LESGTas. 

1- , 

·l MIG Mll \[Il! :'.118 MI.( 

Ii, ,. , ... , ... lI_llXlOl , ... , ... , ... .... , ... ... ... I~ ... Ok .... .... ... 
~ 

... 
- , 86" .., "" 30&

83
1

4662 "" '15' . '" .... 4712 , 
'''' 2141 "'" 24.18 S238 '''' 3582 "" 3m 3212 

7 '887 "" "" ,m "" '963 "" " .. "" " .. , .... '''' '''' IStll 1821 1517 "" "" "" IS" , 114ll '" "'" 107. ,<3' "" 15" '327 1745 '454 
10 '25 711 10., 871 j ll66 '" 1200 1075 1414 1178 
II ,.. 637 ... ". 963 '" '''' 888 1168 '" " .. , ... 72' .. 809 '" '" '" "" 81' 

" '" ." 'IS '" 590 .75 763 63' '" 597 .. '" ,93 '" ... 59' ." '" '" 72' ." 

" <II .. 3 ... '" 51' ... '" '" '" '" " '" 80' <0' .. , ." '" ... .., ... ... - .-
Safe \"'\115 given i"du<l~ "dght ,,( ><:CtiOll. 

'" 
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O&lUfaGDI:, PHIPPS 41 00 .• LlJoDTKJ). 

OORRUGATED F LOORING. 

PROPERTIES or OORRUGAno PLATE. 

:\130 )131 }.132 Msa MM M35 

fI.. n. I r., I I~O .t!o J:Io 
10.83 13.51 16.18 17.13 19.99 22.84 
1.10 I.M. 1.% 3.28 3.84 . ".39 

SAFE LOADS IN LBS. PER SQUARE FOOT OF FLOOR. 

." 
'" '" 153 

'" 103 
86 

" 63 

711 

'" '00 
'" '" '" 178 

'" \31 

"" 45' 
361 

"" '" '03 

'" I" 
loads given include 'weight or 5«tion. 

~i;!l1 !,cr ~l\~ foot given dOC'$ not indlldc weight of splice plate. 



VA NSOlE PHIPPS,. ;;0 .. U:aUTJID. 

:SUCKLED P LATES. 

The old form or Buckled Plate oontaina one buckle and i~ sqU81(' 

or rectangular, and wpported along its fOUl' edges in the Dllnner 
shown by Fig. 2. T he central part or buckle is surrounded by n 
&.t rim called thefillet. 

A lIew form of Buckled Plate, made in long Icngth5, witb 
KVeral buckles to the plate, i, shown by Hg I, and is manufac· 
tured by the KCyslone Bridge Co., Pittsburgh, \'n. In thiJ r'mu 
the plate is IlSU:Il1y wpported at the two long edges only. 

Budded plates are now prefcrnbly made of Meel, <OS tbey can 
be obtained or this materi,,1 "5 cheaply"" of wrought iron. 

Buckled plato are used for the fIoo~ of fire·proof buildi~gs and 

of iron high·w.y bridges. They are , .. ua.lly covered lIIith C(lIlcrete 
or asphalt and §tone p .... ing. etc. They are made in thid,"~ 
of If~ to ,,"'. lind are "ery ~trong, as indicated by the following 
ta'.le. In order to allo .... for lOII,e deterioration by ~ion, they 
are, however, ra~ly made thinner thin ,,., while -h- is I us~al 

thickne;.a for bridge floors. 
Table of $lIfc. quiCKent, unifonnly d i5lributed loads for iron 

Bud. led l>rates.8 feet $quare, arched ,,: inches, and 'A'ell bolted 
down on.n sides: 

Tti,Uof Solo t..Il...-nII of """1Ot_r-. "".-. ... ,..,-> o.ikaWloooi), ..... ..... -""-

I," " "'" '" : .. ' " 00 ,""" "'" ,\" tI3 '3888 "" >i" '35 01'60 "" 
The ~istllllce of bu~kled plale! bolted or r;"cted down ",U 

.1'QWld is d()l,ble the resl5tan~ of the Ame plate ml'Tt."ly $Un:ortl'<i I 
HI! ImlHld, and if the 1"'$ oppo5ite .Ides are un5upported, the reo. 
,i lance i, reduced in the pNlportion of 8 to 6. 
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CORRUGATED AND GALVANIZED IRON. 

Corrugated Iron is used for roofs Ilnd 5idt$ of building<;. It i. 
1I~\Iany lai!l di~ctly llpon the purlins in roofs, and held in place Ly 
means of c1i~ of hoop iron, "'hieh encircle the Ilurlin rnd lire 

placed in di'l:lnces of about twelve inches ap:lrt. Sl'cci,Ii c,m: 
mulit be taken that the projecting edges of the COrTul.":Iled iron, 
at Ihe c:wcs and pble ends of the roof, arc wdl .ecuud, oCher. 
"i~ the wind will loosen the Sh~t5 lind fold them up. 

The corrugations aTe made of \'arioll5 ,ild; Ih" 'mal!., 
I're..ent a more pl~ing appcaran« 10 the eye, while the l~rtcr 

arc stifTer IlUd will span'" greater di,lance, thereby permitting the 
"urlins \0 be placed ("rther apart. The sizes of shem ~nel'll.lly 
u,;cd for both roofing :lod liding, are No. 20 and 22. 

The corrugated iron which will he described ill the f"llowing. 
is Jrulnur,u:tured by the Keystone Bridge ComjlCUly, of J>itlSbuTGb. 
It is of medium size, pre5enting bath a Good llppe:=.nee anti 
being of lufficient IitreDgth for usual requirements. 

By one corrug:uion is meaDt the double eUI'\'e between corre· 
spondinG: points,and by deplhof corrugation the G:reatt.-st deviation 
from the $l.rnight line mellloured between the concave liu.f"cu or 
the corrug:lted sheet. 

The Ke)'stone Dridg<: ComjlCUly'. corrugations are 2.42.(;" IOIlt:. 
measured on the straight line; they require a length of iroll of 
t7U" to make one corrugation. and the depth of corrut;:ltion 
ii h". Onc corru(;:Rtion is allowed for lap in the wi,:th of the 
.heet,a..!1 6" in the length for the u5u:l1 pitch of roof of t\1'O to 
one. Sheetl elm be corrugated of any length not c-tcecding 
Icn fed. The most advantageous width is 30,'{", "hieh 
{3Howing Mil (or irregularities) will m3lee eie"en COrnls:ations 
"'" SIl", or, maleing allowance for laps, will cover 24)(" of the 
iurfJce or the roof. 

By actual trial it was found th3t corrugated iron No. 20, 
~pann!ng 6 fect, will begin to givc :l pennancnt deBe<:lioll for :I 

lood of SO lb.. per "Iuare foot. :lncl that it will colla["R ,,_;::, ~ 

loa.d of 60 lbl. per $(jll:l.c foot. The di$lllnce hctwc.:n eentc" 
of purlin, Ihoold therefore not ucted 6 feet, and, prercl":\bl::, 
be lCS$ than this. 

] 
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OORRUGATED IRON. 

Th~ follo,,;n!;: t'lble is ea.lcui_ted for ,herts 80M II wide before 

ro"u~tmt· 

i· .~I ,.. ........ d 1111 1.; '::. iH * Jj ilP .-. .KIt. ~ oJ.\t'II'iIC I " Lap II 

~lr f~" or . .. ~ 1.1. "'""'III • -.. nit\, lor 010001 or 

~!i " 
5 ' 6' I 7' 8; • 0' 1D' , .. ... 

"U!.oo,; 2.61 

.~ ----,-- -- - -
.28 '" '" '" '" .. , .. , U, 

18 .Of.9 I.V? , ... 275 270 '" '" '" '" 2.3 ~ 
20 .035 1.40 1.76 196 192 196 188 183 185 1.7" 

" .f>'8 1.12 1.41 156 15< 162 156 '" '" 1.48 

" .022 .B8 1.11 '" 121 119 118 117 117 1.22 

" .018 . n .91 tOl " 97 97 .. 95 1.00 

\:OTr.. For weigh:! rer ~uan: laid with one anJ one·h'll f lap, 
ndd U nb.)\·e 5 I cr cent. For weights per lqUare laid " ':lh two 
1.1.1)$, add 10 .bo-I·C 10 per cent. 

TRANSVERSE STRENGTH. 

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

I 

, .... . 

< p ! ..... . .......... .... . .. -
I .l]o..upportcd length oCplD.te. i.'"I !r.<,:hes. 
1_ Thickn~ of plate, in inche$.. 
I,-Width of plate, in inches . 
• 1_l)copth of COTTugations. in inches. 
\\"-B~aking weighl di;;tributed in Ions . 
,-- .. .. .. " pounds . 

\\" 49.95 I.b.d. 
I 

!'9IlOO I.b.d. , .• ----
I I 

208 
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EXPLANATION OF TABLES ON MA..XIMUM: 
STRESSES IN PRATT AND WHIPPLE 

TRUSSES. 
p~ 211 to 213, incluslve. 

These tables giTe Ihe stress in «eh m!mber of • Fran (Ioingle 
quadnmgular) or Whipple (double quadrangu13r) truss, for Iny 
number of panels no!: uc:eeding twelve in the fonnt:r, and t .. enty 
in the latter ClUe, on the I""umplion Ihat the lo:>d b. unif..,nn per 
foot, Ind the panels art: 1111 of the Sllne length. 1 h.., ~treges are 
gi .. en in term" of the II'U>S-panel dead Ind moving loa.d~, repre
Knled respedively by W. lind L. Th~ are obtained by lI1ulti. 
plying Ihe dead load per foot of bridge, in the case of W, and 
the moving or li,·c load per foot of bridge, in the case of L, by 
h.lf the panel length. 

The 1~leB '" and L are p'aced 1U Ihe top of coIwnn in IlIble!!, 
and not nnt to the fIgure!! tn which Ihey belong, for want of ~I~u:e. 

The stress in all, for e~aml'l .. , in II I"'eh'c pane'] l'mll lru"" 
.... 5.5 W + 5.5 L, and in lie = U w + i~ L, wh multi. 
plied by the quotient sped6ed in the ]1bt column. 

The s~em of ]etlering employed i5 shown by Figs. 1 and 2, 
011 page 210, opposite, and , it i~ believed, i.. the l~st in 
u...e. By making II sketch of the trmos under considenation Iud 
lettering the vertices in the manncr sho,,·n, the tTU>.i member< t<> 

which rderence i~ bad in the tables, can be readily idcDtified. 
The de:u1I04d ;" 8.>Sumed III CODtelllnlted It Ihe lower venice" 

Df the Iru!SeS, for tbrough bridges, and at the upper \"crt;~" for 
de<:k bridges. yO!" through bridges of ,·ery large 5p:1l, the 
!il1"C$5C5 th us obtained for tbe posts must be itlcrcllSed h)" the Iru",,· 
panel weight of the upper portion o f the lru>&, iecluding the 
latcral bracing; but in ~lI1alL lpans. the in<:reiL'IC: of stress on this 
l("COunt il 10 inconsiderable that ;t is u,ual1y neglected. 

Nott." In order 10 calculate tbe stres.es ill a Whil111e or double 
quadrangular tru.~~ by stntical lI1etho(b, it is necessary 10 co:~ider 
the IN» as the oombinltion of t..-o Pratt trusse or ~inl:le s)' leln> 
of bracing, and lIS&ume that each of th~ two syl>len~ i~ st",in~~ ! 

in the SRlne mll.llDer as if one were imlepelldett of Ihe other. I r 

the number of ~lIel5 il odd, uch of the 1"0 Sy,lemJ is UnJ!"m 
metrical, which bas the effect of ma1<illl: the SIre<.> in the middle 
panel of the tower chord $Iigbtly smaller than the PreiS in the 



OARN-........ L 1 PH.sa 00 I.J ~I-r-J . I 
oorrt$p"",ding !'line! of the top chord. The difference ii, how. 
c'er, frco:l"cntly neslccted, $nd the streu in middle po.lle! of 
bottom chord a,s"unKd the lI&Jl)e as in middle panel of top chon.!. 

F..ach of the two .)"StCIDJ i~ as.umed to carry one·half of the 
IllWd load III the top of the iuelined clld posts. 

Fir. I 

Pull Or S;IIa:I. Qu"dr""I[U1:>.. T ru.,. 

;1\JXl><MXtXVt\ 
Fir· • 

Whippl. o. Dowble QUldra"a:wla' T rwu. 
R p 

II ~ I" I" 1"- IX !>< !>< 1/ 1/ V t1 1\ 1'\ 1'\ IX IX IX / 1/ , , , • • • • • 
IlIls1ration of Application ofTab!es, alto ~ftb6 UN or Tabl. or Natural 

S lies, Tugents and Secallts. 
A r mtt trIGS of 135' sJlan lind 18' depth, is divided into nint! 

I)ClIlels of 1{O' cacho Required the strc:.s in first ndn tie Be, and 
in middle 1'1lfIe! DE of tnp chord, fur II dead load of 1200 11>:;., 
and. mnyini load of 3000 Ills. per lilleal foot of bridge. 

1200 W- T X 15-9000 lb.. 

'000 1.- T X 15 - !2500 11.01. 

28 T enhth Be 
Bc-(3 W + S L)x 18 

DE - (10 W + 10 I.) ~: 

" TIle factor 18' or p"ne! length di-·ided by depth of lnIM, it 

Ihe IllfIgent of the angle, for which the length Be, di,';,\ffi bydl'f~h 
of truss, is the secant. By t"bic of natural filncs , tangents ."d 

" secants, for tangent - is - 0.833, the IoeI':aIII - 1.302; therefore: 

Be - 97000 X 1.80 - 126100 Ills. 

D E - 315000 X a -262SOO lbs. 

I 2.0 
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MAXIMUM STRESSES U"NDER DEAD ANb 
MOVING L OADS IN PRATT OR SINGLE 
, QUADRANGULAR TRUSSES 

With iDtlineci end posts lIld eql18l panels, tor Through and Deck Bridgea. 

" 

W = dead laid. &nd L = movingJoad per truss and per panel. 

Member. 12 Panel 1 11 Pand 10 Panel 9 Panel 8 Panel l olU· 
Truss. _ Truss. I Truss. -. -. til by. 

- , 
I , 

W+L W+L W+L W+L W+L 
I .. 5.5+5.5 ,+, ·U~.5 4+4 3.5+3.5 ~! Ik U+ 

I '+~ 
8.5+8.6 8+ Y 2.5+ "1 • Cd 8.5+ 3+ 2.5+2.8 2+ V 1.5+ 'Y h Do Hi 2+ 1.5+2.1 I+ Y 0.5+ f 

" 1. 1.+ 0.5+1.5 0+ -0.5+ 

:1 0.5+ 0+ -0.5+1.0 -1+ Y -1.5+ ? -0.5+ -1.+ -1.5+0.6 -2+ 1 
Hi - 1.5+ -2+* .,. 5.5+ 5.5 ,+ , 4.0+ 4.5 ,+ , 8.5+8.5 • 

00, " tG.O+IO.O ,+ , 8.0+ 8.0 7+ 7 6.0+6.0 d 
OD, de 13.5+13.5 12+12 10.£+10.5 0+' 7.5+7.5 "j 
DE, et 16.0+16.0 14+14 12.0+12.0 10+10 8.0+8.0 2i-EF, 4 17.5+17.5 15+15 12.5+12.5 
FG 18.0+18.0 • 

nr.'. Dool: . , 
Co 

"+t' ttl 3.5+3.6 1 '+\' 2.5+ "1 
Il<, Dd 8.5+ 2.5+2.8 2+V 1.5+ V 
Dd, Eo 2H 1.5+2.1 1+\' "+ y ~ ., ... " 1.5+ l 1+ 0.5+1.5 0+\' -OH = 
' 1 0, ,,+ ,+ --0.5+1.0 
0, -OH 

I Member. 7 PM" 6 ""''' , "''' 4 Panel 3 Panel hlU· -. -. ""'- -. "- )ill b,: , 

W+L W+L W+L W+L W+L 
~,,! .. '+3 2.5+2.5 2+2.0 1.£+1.5 1+1 

" tty 1.5+ V 1+1.2 ~r+1 0+1 
Cd -ttf 

0.5+1.0 0+0.6 .,+ ~i I Do -0.5+0.5 -1+0.2 

" 
' , , .,. i!+' 2.5+2.5 2+' 1.5+1.5 1+1 ~;~ 

, 

00, " '+' 4.0+4.0 ,+, 2.0+2.0 1+1 
ODE, de 0+6 4.5~.5 ~]j nro·. IIo<k. 

Co 2+ '1 t.5+ V 1+t.2 OHI 
li'J Dd '+'( "+1.0 I 0+0.6 --0.5+ i 

0+ -0.5+0.5 I 
., 
" 

2H 
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MAXIMUM STRESSES UNDER DEAD AND 
MOVING LOADS IN WHIPFLE OR 

DOUBLE QUADRANGULAR 
TRUSSES 

." I 
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MAXIMUM STRESSES UNDER DEAD AND 
MOVING LOADS IN WHIPPLE OR 

DOUBLE QUADRANGULAR 
TRUSSES 

With inclilled end poib aDd eqa l paneJs, (or Througb and Imk Bridp. 

W = dead Io&d &lid L = moving load per InlS8 aDd per panel. 
- -

15 Puel 14 Panel 13 PaD.el 12 PaD.el t I Panel ,-Kember. ". 
"'" ,""" ""'. "'g, -, '-.~ -

W+L W+L W+L W+L W+L 
aB 7+7 6.5+6.5 &+6 5.5+5.5 5+5 >' 
" fl+W 3.0+W l' +~t' 2·'+W, n +'It' · Bd . +th' 2.5+ l/t~; + t' 2.G+ 11 1:~1 + ~ "Z ! 
c. +'h~; 2.0+ " t~1 t + IN 1.5+ i~' t + 1 ~ .. 

• II,,,' "'-', Hi '~I' "U t l! +ji 1.0+~t {, +' t' 0.5+ ., h +' i r 1+ '· 0.5+ tAl tr+ 0.0+ -h+ \, os .. 
Gi h + t 00+1l"-'\+ , 0'>+, =1'! + } 
Ilk -n + t ... ·5+ ':f!+ 1.0+ + . II ~ + :-1.0+ I + 
1m + I 
abc 7+7 1 6.5+ 6.5 6+11 5.5+ 5.5 5+ 5 ... 
cd W+ W !J.5+ 9.5 W+ W 8.0+ 8.0 H + H ... 

~ de W+ W !4.5+14.5 W+ W 12.0+12.0 W+ W 1! 
OD,.f 'I'HW 1".'+18.<> '1.'+ '1.' 150+15.0'W+W ~ D' ~ W+ W 21.5+2111 W+ W 17.0+17.0 ~.rfl'" ,"; 
81, f W+ W 23.5+235 W+ Vr 18.0+18.0 +~ t. 
ro, i W+W' ".>+".5 ~+}lf _If - j' 

OBI "4V+ W Gli-=:FO = *fg= 
' = I '~~ W+W W+W l'+ W 

rut'. W . 

00 IHW 3.o+ ~" II +W 2.>+'ft' n +:t,: Dd H +~f 2.5+ ' -t' p + 1 ill 2.0+ 11l + 1 
Ce, Ee t + t' 2.0+ 'U + '1;6 1.5+' fr + f .; 
Dd," IH 't' 1.5+'1>' H 'It' 1.0+'11' {d1! ~ 
F4 Gt ~ +1h1 1.0+'V' I" +~il 05+tf h +· . 
i'( H J+'/r 0_5+ 1 .~ tr+ I' 0.0+ -h+ 
~ "' + :):', OO+ ~~-n+ ·~I-D.5+ , 
!I -h +1 I r0.5+ ' J : 

I ! \ . 

''" 
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OONVENTIONAL SIGNS FOR RIVETING. 
FIELD 

TWO FULL HEADS • o Countereunk Inside and ChIPped. @ 

Count .... unk BOlh Side • 
.. nd ChIpped 

INSIDE OnE BOnES 
.,illd '0,," H'gh o\r!.. .. ~"n'.nd nO~Od 
([) "anonQ'H"h () 

C1lD " .... ,Q,.""". @ 
The fwndatiou of the abo.-e ti)"lem i, the diagonal c:ro:u to 
~nt Ill"<)Ullter.mk, the bl:adened eirele for" held ri,-el , and 
the "en;c:>l stroke to indicate II. Aallened head. The poo.ition of 
the cross, wilh uspect to the circle (inside, oul,ide, or both sides), 
indicates the location of the C'Olinlersink. and the IIl"ntlt'r and po
sition of the "cnical !otrolc:I indi<.;4te Ihe height and poo.iliw of the 
llattent<1 heads 

Any combinati ... n of fidd, oountersunl and f1llllened he~d ri"~b 
li.ble to occur may ~ readily indicated by Ih~ proper oolllbiOl
.ion of .bo,'. §i,,·lb. 

, ,. 
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OARNICCJlE, PHIPPS 4t OO~ LIKlTltD. , 

NOTES ON ROOFS AND LOADS FOR SAME. 

AII,IM M roof, u commollly gUll. 

l'roC ~cu. -- "1:::' 1 
IJGU ....... , 

I ...... .... l .. 
...n... .. riIo . ..... Dor· ... rafIor Lo ri ... 

-
1 4500 1.41{2 

, 26 .. .,,,, 
A .. ., I. ... :,; '''' "'" "'., >0000 , 1826 3.1623 0 

APPROXIMATE LOADS PER SQUARE root FOR ROOFS, or SPANS 
UNDER 75 FEET, INCLUDING WEIGHT 0 .. TRUss. 

Roof co\-c!'f:d with corrugated iron, unboonled , S l'0"ntl~_ 

Roof oovtrt:d with corn'g:ated iron, on boartl~, " 
.. 

Roof covered with si:Ue, on huh", - 'J '-

Snme, on boards, I ~" thick, ,j .-
Roof 00\'er«! wilh shingles, on 1.11n, . " 

.. 
Add 10 ~bon' , if plastered below raften, - " " 
Snow, light. weiglu per cubic foot, - - S 10 12 .. 

For lpans o .. er 7S feet, add <4 111$. to the .Ix .... e 1o:Ids, per 5qU3.t 

roo<. 
It is C\lStOIllaf)" to ~d JO lilt ptr .&qU:lr'e foot to Ihe .. bo,-\': (or 

linow and wind, when separ:ue calculations are not made. 

PRESSURE 0' WIND ON ROOfS. (UnnJ.) 

a-Angle o{ surface of roof with direction of wind. 
F -Force of wind in Illi. pcr square foot. 
A-Prtss ... re normal to surface of roof- I Sin a 1. .. e • . ,. 
n-i're5Su~ pcrpendiculllTto direclionof wind_ F Cot aSin. ' ... e .. ,. 
C-Pressu~ parallel to dim:tion of wind-· F:-in • ,." c ... .. 

---
An,le or roof- , ,. 

10" " . 80": 4.00 , ". ". 70- £.()~: 00' 
A-rx .'''' .2-4 .4.5 

''' , .83 
.95 1.00 1.02 1.01 1.00 

B- 'x ., .. ... ... .57 .61 .61 .60 .M] .17 .00 
O-'x .01 ... .16. ...... .n .8Ii .96 .99 1.00 , , i 

210 I l 
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CARNEGIE, PlilPPS '" 00., LllllTED. 

ROOF TRUSSES. 
l'ablee tor tl.n(llng 8tralns In m embers tor root truMel!l o r 

tbe d ifferent types and plt.chell8.8 given 
below ando! any Spall. 

RULY.._To find the 5train in Iny member, multiply the (Oeffi. 
dent gj,'cn for th~t member by totlll dead load enrr:cd by lru'>'! 
(-span in feetXdistnnce between tr~ in felitx wdght per 
liI'!uare foot). Iflhe truss is acted upon by wind fofCes or other 
unsymmetrical loading the strains in the members must be calcu. 

lilted a.coordingly .. od oombined with the dead load strain' u 
found below. 

.~"" PlTCL (Drplk 10 Sp.u..) -- , 
'"' t j f---'- l\·on~. _ lIea,·y lines 

fig. I. denote compression nnd .. .675 :150 .838 1.010 light line~tension mem-Bb .537 .... .12' .917 

'" .503 .650 .750 .'" "'n. J oads a~ 00'" 

Co .375 .• " .500 .625 sidcred as oon.;enlratcd 
.b ... 217 .'" .232 at the joints. 

'" .1" .217 .2W ,318 
'ig.2. .. .750 . 833 . ... !.l2O 

Bb .'" .650 .707 .928 F~ Co .568 .650 .783 .995 
D. ... .121 .833 1.042 " . • Do! .375 •• 33 .500 .625 • • b .1" .167 .1" ."" " '" .155 .167 .1" ."" '" .650 .288 .333 .417 

fig. 3. 

FI~ •• .783 .67' .978 1.l78 
Bb .718 .812 .'"' 1.131 
Co .6<9 .750 .8&l 1.0&\ 

.A " 'I Do! "'" .61!1 .810 1.038 0 

Eo .655 .758 .875 1.094 D 
Er .562 .650 .750 .938 
Eo .375 .433 .500 .625 
.b .104 .108 .112 ,116 

F~ br .093 .108 .125 .1" 
'g .208 .216 .'" .'''' " --,. ."" .108 .1" .1" ..1o/Jl~ 01 .104 .108 .1\2 .116 " I: .187 217 .650 .313 ,,---.'" .825 .375 .~69 ., 



T lIXPLANATION OF TABLES ON RIVETS 
AND PINS. 

PAGES 219 TO 22l,I~CLUSl\"H 

Tn Ir&lUmitting iltnins by mftlllll of ri_. it is CUMomary to 

disregard the frictiOil between the paru joined, &5 too unc:ertain 

an dement to be relied upon to any extent. The ri,'eta mUJt 

thf:n be ~ioned r..,.. the ~tire &train which iI to be tram

mitted from one plate, Of group of plates, to the other, and they 

must be of IUflicient me and number to present ample !'diMance 

10 .hearing IIIld alford lufficicnt bearing aln 110 a$ not to C1UISC • 

cnuhing of the met&illt the rivet holes. Thill laller condition, 

while genenlUy oblerved for pina, is vcry aficD entirely ~r

looked in ri"cled work. lUI ob$.c:rvana:, in moM cuelI of ri~Cled 

girders with lingle webs, determines the sUe and number of 

rivas 10 be used, and freqllflllly makell it necessary 10 adopt II 

great~ thicJ.:ne5li of web tban would otheno.·jse be required. 

1"1::11>1, if the web ill h" thick, the riveu connecting the I:I.me 

with the Range angles bAVe II beving ~.,.hte of only 3520 It.,., 

ro.- II }to rivet, while their 5hearing value b "'" 2 X salt} "'" 66!0 
It:.. per rivet, the livelli being in double &hear. Con.tequeotl), 

while the mualthickne$l of web of floor bealJl!l fornil .... y bridge&. 

is ~", it IOmetimea beo;.mes neceaary, for shallow floor beama, 

to increase this thieknca 10 X" and CTCn X", in «de!' tbal the 

pn!Ifiure of Ihe rivets upon the serni.in\nldoe; of the rivet holea 

be not ucemi~. between the poin~ of 6IIpport of fioor beam and 

of application of the 1<*1, (in which $p&ee the transmiMiOll of 

wain from web to flanges tak""l'laee). 

The 100II. mllal preAUreII 11l1owro. UpOll rivet bearing are 15000 
and 12000 It.. pcr Iquare inch, a3 aMUmro. in the tables, the bear· 

ill!: are .. being the dirunCler of bole multipliro. by the tbiekne:!!ll 

of metal. The (QI"Tllcr praBllre, though lOITIIl",hat gteate!' than is 

genenoll)" allowed (01 pi~, is frequently U!ICd in ri1'eted work in 

CONideration of the neglect of the frictioo hctwefl" platet.. 

L 
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c &I 00., 1.!IIi : 

The he."Y z.ig-ug IiDe:! in tables on ri1'eb, indicate tbe limit 

at whieh bearing exceed, single sbear. All ,·.lue5 above the5e 

linn Irt in c:xcessof lingle shear,.11 values ~Iow ~ leu than 

single abear. 

1'111$ mu.U be calculllled for ,bearing. bending and bearing 

~",ins, but one of the latter two only, in almOlit e1'C'ry au. 

determines the iii!!' to be ust<1. The ~train allowed upon pin 

l.>eaTing in bridges proportiooed to a factor of llardy of tiyl', is 

usually 12000 \l$., and the maximum fiber strain by bcllding, 

15000 Ills. per "\ua«! inch. When grotJpIS of bars lU'e connected 

to the same pin, a$ in Ihe lower cbonill of truss bridge, the 8i!ClI 

of hars m~l he 50 chosen and the 00nI so placed that a t no 

point on the pin will there be an ucesai~e bending 51rain, on the 

ptCIiumption that all the bars OTe strained clually per aqu~rc inch. 

The following cnmples will illustrate the use of the tablcs, 

I. A pin in the bol>ter or end shoe of a bridge h3.$ to carry a 

load of 4()()()() Ills. be!w~n two points of support; what aile of 

pin is required, as:;uming the di5tance hetween points (i. ~ .• 

centenl) of support of bower pllies and eenlen! of pre35llJ"e of 

end post plMes= 2y'/I? 
Ann«r:-Iknding moment _ 20000 [hi. X 2y' = 50000 inch 

lb1.,then:fon:3)(" pin required for 15000 lbs.liher strain, ~ince 

the allo .... ed moment for 3}4" c: 50600, U pB table. 

11. Re<"]uired the thickne$ll of metal in the top chord or in a 

poi!! of a Dridge, that will give aufficient hearing area to II 3ft" 
p:n havin;: to transmit a ~trnin of 60700 II».. the .Ilo .. ·ed pr65UTC 

p!'r §(]uan: inch on bearing hc-ing 12000 Ihs. ma~imum. 

The he:uing value of a 3~" pin for I n thidme$ll of plate = 
60700 

40500 It.!. then:fore the thicknC!i5 of metal required = __ _ .IYt", or each of the 1"'0 plates in the chol":!. or pilIII. will have to 

~ ~" thick. 



CARNBOIa, PmPPB " 00 •• LDIl"l"BD. 

MA.XIMUM BRNDING MOMENTS TO BE AL. 
LOWED ON PINS FOR MAXIMUM FIBER 
STRAINS OF 16000, 20000 AND 22500 LBS. 
PER SQUA.RE INCH. 

R .~uKS_The fotlo .. ·;n, II .he fm-mula for 'he tI"~ .. ", applied to ph .. : 

,,_S:rdS SAd 
,. 8:1 0' - -11-

M_momen, of f.,...,... for any _!loa , h ...... 'h pl~. 
s-nin pc' "'I. in. In ext"""" flbasof pi,. atth ... _ ....... 
A_Kaol __ . 
d-diam<,er. 
n-& llIW 

The fena.", &$Sumed.o ac.ln. plane p;t .. in~ ,hrou,h 1~ ul. ~f ''':.r: .• 
The above .ablegiYO. Ihe ... 1 .. ,," 01 ,\I fo< dilre...,,1 d",m.' ... of ,"0, a f..,.· 

,hKe ... I ... ~ofH. 
Ir .lI" n"'''. I. kno .. n. an Inll'«.lon or .he IOblo ,.111 ,h • ..,roF"C ,ko-. ... ·k" 

d;,mc, •• of pin mu., be " .. d In order thaI /j may not <xec~d 1.:.000, :I000O « 
21:.00 II ... ,,, the requi",mcn" of 'he ""oo ..... y be. 

ror k.J!"",d Dri<lg •• J>mp<lrUoned.o • r..""" of ... rety 016, I. I, ....... om.ry 
.0 make ~ .. " . _1:.000 II>&. 10 Iton.1Id -::ttooJ II>&. u. .... 1. 



B E ARING VALUES OF PINS 

FOR ONE INCH THIOKNESS OF PLATE. 

(_DiamM et PiDx t"XSiraiD. ,.. Squn ua.) 

' 4 ,= ~. 

h " ...... ...... 
... iL , ... 

1 .78 512000 
1~ .. 9 .13000 
1)( 1.22 7 HiOOO 
1" 1.486 

i~ 
1.767 
'.07 
2 .406 

l il 2.761 

2 3.142 
.~ 3.547 
' )( 3!~ ." ... 
~~ 

"-009 
~J( 6.412 

6.94 ." 6.492 

3 7.069 
3~ 7.67 
3 )( 8.'" 

" 8.94 3 

3 
3 
, 
il 8.821 

10.32 
3 j( 11.00 
3 

• • • • 
" 11.79 

12.67 
}i 13.36 
J( 1419 
~ u).Qa 

16&00 

18000 
19500 
'1000 
.2500 

.4000 
26500 
'7000 
.8500 

20000 
31500 
33000 
3(500 

36000 
37600 
39000 
40500 

•• 000 
.3500 
45000 
.6500 

'8000 
'9500 
51000 
62600 

ti:fl 'j ~-"- of , al .... t 
150000 LIIo. L Pil. tt.M LIoo. 
",,,. 1 .. "' . ... IL .... ..IL n.. 

15000 !~ 15 90 64000 
16900 16.80 55500 
18800 ' j( 17.72 57000 
20600 ' il 18.67 58500 

•• 500 5 19" 60000 .. "'" 5~ 20.63 81500 
.6200 5 )( :11 .6& 63000 
28100 5" 22.69 64500 

30000 5Y, 23.71:1 66000 
31900 5 il 24.815 67500 
33BOO OJ( 2697 69000 
35600 5il 27.11 70500 

37500 6 28.27 72000 
39400 6~ 29.46 73500 
41300 6)( 3068 75000 
43100 6li 31.92 76500 

.5000 6Y, 33.18 76000 

.6900 6il 3447 79500 
49600 6 j( 35.79 81000 
50600 6il 37.12 8.500 

626()() 7 38.48 MOOO 
54400 7Y, " .18 60000 
58200 8 50.27 86000 
68100 8Y, 66.76 102000 

60000 9 63.62 108000 
61900 10 78.64 1.0000 
63BOO 11 95.03 132000 
60600 I. 113.10 1 .. 000 

-,oJ ..... 
15Il00 u.. 
,., ",. Ia. ... -
67600 
69400 
71300 
73100 

75000 
76900 
78800 
80600 

82500 
84400 
86300 
88100 

60000 
91900 
93800 
90600 

97500 
99400 

101300 
103100 

105000 
112500 
120000 
127600 

135000 
150000 
166000 
190000 



SHEARING AND BEARING VALUE OF RIVETS. 

Diam. of Rivet SiDgle &&ring Value tlr difl'ertn.t ThiekD!ISSeII of Plait at 15000 Ibs. per aqllA~ iIleh. 
ill iDUJet. Area of =rat (= Diameter of Rivet X TbiekDMI of Pl&t.e X 15000 Ibs. ) 

r nctiOD. Decimal. Rive\. ~i:':'(" I I," I W ' I h" 1 w' 1 N' W' I U" W' u n W' t 
- ------------- Z 

" .875 .ll04 828 '~ I ~ l\- .4376 .16031130 164 ~ 206(J i: 
X.5 .1963 1470 1 234 2810 . 
I, .•• 2. .2485 1860 2ll 2.1:: 31136~ I 

H 625 .3068 2300 234 293<J 352 41 l 

+I 687 • . 371> 2780t!:l~22<l 387 451~ 516( • 
W .75 .441 3310 281 352<J 422 492 lie3 6330 ~ U .....~ - "':I"" "~1-" - "" ! U 875 60134510 32 4100 4929 574 6560 7380 8200 ~ 
{l .9376 .69036180 35:J439C 6270:615070:1 7910 8790 0670 a 

I I 0 7864 5890 37 46 562C 65 75 6440 938010310 1126C . 
I I , l.0625 .88666650 3980

1

4::: 59SC 6970 ~ 8980 9960 10960 ll95C 12950 

I j¥ 1125 .?~ 7460 42205270 633e 7~: 9490 10550 11600 1266C 13710 14770 
I t~ 1.1875 1.10758310 4450 557d e e8C 77 891010020111 3012260 13300! 14470 15690, 

~ • 



SHEARING AND BEARING VALUE OF RIVETS. 

-D-"'-'-f~Ri~· .-.TI--'rl ~""=':'!, I-- IIe.vUrc VaIn b-~t ~ or P1&\e at I!OOO II 
ill iDeh.. 1_ ~, ~~ (~or Ril''' X Thieb_ or Pb\e x 12 

-t-
00. 

" ... 
Yo 
t, 

" U 
!( 
II 

" II 
1 
1h 
1)' 
II', 

t," I w' I u" ~I~~ ~ 
i I I r 

~ 
• 

~. 

• 
~ 

~ 
.280 I IOlso!l09?~ 11810 I I 
9800 10600: 1llSBQ 12470 ~ 



t 
spmnQlTlO:iS roR OONSl'RIlCTIONlL IRON. 

-. .. -
........ 0<---.. 

unlfonn'l""li.y. linblhed "",.. mOIst be ,ho_,My _Ided 

dun ... two rollin&". and be 5.noili:ht, _II ud &"c (""'" i8_ 

Jurlouo _ ... s, blis,.,.... bll"kles, .r.>cki ... Imperfect ed\:C'O . 

d.m~",t<d, p..oVklc:d ,h ..... ".d.1 (;,I~I1. 'h TC<\"i"''''''nt. <A 

'hc-.e .poodlic:o..ion<. 

8, The ' cnoil. "'On&''', IIml. of .... "jelly and ductility, 

oh.o.lI be dctcnBlD<d &om • " • ...sani OUt pi<a 01 .s I\Ul' " 

OIl ..... .., iDCh _tlo .... 1 a<a. .. poulble. 1M cloDp. ioa o.b01l 

be ~,,~ "" U ori&! ... ll.""h 0( 8 In.cheo. 

4. I",n of .n .",d .. ,h,n ha .... an " .... ie 11 ... 1. of ..... ~ 

,hoo .. ::'6.000 _nods Pc< Iq"'''' ;""h, 

~_ ~."... 6. When ,esttd In .peel ....... dunlfo< ... 0.«11 ..... 1._ cI.t 

,,--. locu. " oquare lnch, ' .. k .... {lO .. lIIcmbua .. hleh have been 

tolled .0 • see ..... 01 not """" ,han 4X sq ....... It"" .... , ,be 

iron .hall .h".... a ""n;mum uhi .... 'e .. ~h of ro,OOO poun& 

p<r 1<1""'" ioch , and • ",;n;mum ~Io .. p l lool of 18 per ......... ito 

B lnc:h ... 

8, Sped""' ... ""ken r ..... boo", or. Iarpt' """'" HClIc>n lhan 

4X sq .... '" [DCI. ... will be .llo,,'ed • rcdLtCtion 01 000 pound. 

foreac:h add, ....... 1 square In.ch of _ ...... c\oW1II'o .. ";";ID". 

of 018,000 pound .. aDd have an elona:'~ of Ui per ""n'. in 

811"" ..... 

............ 1 . All I"", ((>1' . .... ion mcmbo. .. mu., bcnd wid 'hrough 

00 .sq-. '0 .... ....., ,..hooe d"mn ... I, "'" onr twkc the 

'hkl<ncu 0( the pIKe, ,..it""". <ra(;k~. At lea .. one .. ..,ple 

in II. ..... III .... bend ,b""'I" 180 ~ to 'his eu....." ",1,,->, 

c .... cl,IlIi:. When nicked on 0 ... okk and ben. by. blow (rom 

.. oledc<. 'he (rut"'" mu .. be 1I>()O;1ly fi~ •. 

• _ ••• ~ 8.""" oamc oI..,d .ped~ ... "'k"" &" ... ana:1e a"" ",her 

o< .. :.....~. wpeG Iron ohall have a .. Lnlmutll "Lti ...... e ot""",h 0148,('0) 

pooL ..... per 1<1""'" In<:h, and a ... ,ILI ........ do"ptiooL oIlSper 

<U' . Ln 8 Ln.cbeo. 

I 



D. 

II. Speclm"M r,...,,,, a""le and other &h.o.pc<I i,m ...... , bc .. d 

<.old lluwab 1IOdq.- '" a =- wbooe dla""" .... _ oy ... 

Iwioo Ihe ,h lckoeso ohhe p;ecc, wi.hoo. crackln,. 

IG. n.e .. _ .i. apeel ... e ... , taken lro ... pIa,eo8lncheo 

'" 21 h .. :heo In wid'h , ohall ,100. .... inimu ... ullima'" ot""n&,h 

'" CS,(lOO pounds pet oq_ Inch, and • min,mum e"'~IP'ioo> 01 

15 pet Cen', In 8 Inches; pl ..... rrom 21 Ir>eh .. to 96 incl>a 

->de th.II ....... a ... lnI",um .. I.i"""e Ib'eIIC'h 0I.,(OJ pouD(!. 

peToq"'"" Inch, and elona"~ II) "". cen .. In 8 ir>eb .. ; plat ... 

_lI(Ilncha wlde ...... n .... ye .... ,nIm .... oIooptloa 018 peT 

oeo., h. 8 ,ncb .... 

] L Sa .. pI<S 01 plate iron ,haU .<aDd beDdiac cold <brouah 

90 d.,..... ,oa at ...... wl>ooe diameter Is "'" 0"'" <b_ .imeo ito 

. biclr._, ..J.hou, a-ack..... Wbno r.iclr.ed aDd beD! 00I<I , <be 

rn..:. .. rc III .... be: ...... ,], fibrou •• 

_. _ 12. Rint iroD ..... n .... y. the .... " pb~1 ~Dlrcm"D"" 

bia:h tc.t 'roD, apd, In .ddition, ohall bend cold ISO dq;1'eU .... 

....... _'-e .n..-u. .. equal 10 tbe .hlck_ '" <be rod 

oated, .. i.bon, alp of r""Clure on <he co" """ aide. 

--. 13. Spedllleoo .. kno frolll p:n Iro .. u<><l ... 4 Inch ... diame<er 

thaU bave a ",1"'III"m ultima:.: otrcnS.h of flO,OX! pounds p<. 

~ both, .. 0<1 doctpto 15 per """ •• In 8 Inches. R""IMl. 
0"".4 '""h .. dlame,er, havin&' minlm .. m .]""p.1on of 10 per 

«1>'. I" 8 IIIChes win be ... ~cry. 

H . FilII 0./.., pfua or lIat, ...... 1I<I .... "'I""'" iroa ..... on. 

4~ h",hcs ill ............ 1 ,_, , ball .... YiI "D. .. ltima .. ""'''I.h of 

&o.!,(al""""", per oq..arc Inch, and ."",tch I~X per oen'. in .h. 

t-Iy Of .I.e bu. 1.10. .. of • b~ Kdio ... 1 .. n .ha" 4X 

oquu<: I""hes, wUi boo allow.,.! a ""'uc."'" of 1,000 pound. per 

tlQUMC h"'h, doom to a mini",um of -MI,(O) pou"'" peT >qUire 

i""h,1I>d ""'tch 10 per oent . in tho body 01 lb. bar. 

15. The """'tio~ In c .... _ti ........ ...-e-i&bl 01 n>lled 

""'Iulal of ... ore than 2X per ceot. from that spcd6cd , ""'1 

1>0 .,.lIse r .... ,.,;.:dOII • 

... 
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mE4 I I SPECIlICATlO!l'S fOR WNSTRU{lT10NAL 

-.. 00 5.ul .... y be mad~ b)' eilM' ,be Open He~nh o. Iks· 
~~ Joe"",. procno. 

ru, .... c... 2 The .oll,.;le •• ~og.b, li",l. 01 elaltlclty and ductlli.y .hall 

be do.etntilled from" .. andnd tCOt piece cu. from . be finl.he<! 

ma.erial ~lId plan«! or tllmed ""rallel1 .h. piece.o ha~. as 

..... ~ oquare i",,11 oectwnol are~ .0 ponlble, and elonp.lon 

10 be nteasur.d 00 a .. oneiDaI le",. h of 8 Incbe.; lwo .co. 

pltc .... o be laken from each h .... o. hI<>_ 0/ &nlohed ",a.erial. 

One (or '<DUoD and ..... for Ixndinc. 

3. Eft.,. fioiabed pieoo ef •• eel .hall be II2"'ped "" one 

.ide ncar .he ... ;.!dl .. wi.h .he blow n ..... ber ~Dtlfy .... be 

_II; .Dd lleel fer pi .... hall han .M "",II nu ... ber .Ulntpod 

Oft .be .ndl. Riv .. and lad"ll: .. eel, aDd ••• n p""" for pin 

pIa.H aad Itl!!' ............. y be ihipped I" wadi .. """"rely wi .. d 

.08 .. h ..... i.h .h. melt .... ",ber on" IIteUlI .. , •• uched. 

,,,'.... 4. Flnl.hed bon mu" be (ree (rom Injurlotoo .. ams, "a ... 

er C",dr.1 and ha~e a workmanlike ~nllh . 

..... ..... "'. 6 5.eelshon be of ,h_ ""du: KlPT. "."'V". HICH. 

Il00'' a,,,.. 8. Specl"' ..... from /iDioM<! ma •• ml for tCOI. cuI .0 .ize 

.pecikd .bo~" .hal1 hu ..... ultl ...... "~lIllb 0/ f ....... M,OOO 

108:1,000 po.tI,ds".,. oquare I",,", cl.,,;.: lintl ..... ·half .he "hi-

.... , ••• ~lIllh 1 "'I .. i ........ elo"ll:a.1ooo Df::l(l pe."" .... I .. 8lnchco; 

... Ini ...... m:llldion of __ a. fraet" ... 6Ope.cen.. Tbilande 

ef .. eel.o bond cold 180 cJqnoco lb. 00 I_If, .100 .... ".ip of 

("'(lure On the "",.;,;Ie of .he beo. pOI'!;OO • 

... _, .. ", 7. Specimen. from finilbed .... '''ml for ' .". CUI '0 Ii ... 

• pecl~ed abo~". Iball have an uitim •• e .. ,..,ni:lh of 00.000 '0 

68,000 pound. ".,. oquare Inch; ela"le limit o .... nalf 'he uhi· 

rna.e .. reDllh; m; .. imum elonl'lion ~ per «n. , 108 Inch .. ; 

mlnlmu ... ~duetioQ of .,... at frae,ure, of(I ".,. ""n'. This 

C .. de 0( lleel.o beD<! cold ISO deifftl ' Q • dia •• le. equal.o 

.be 'hick ..... ef Ihe piuc ...... d •• hho." crack or h .. on 'he 

"",ok\e of ,be ben, ponioQ. 

~ 

\ 
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_ '''''' 8. SpeCh".". (rom linbhed "",.erial for '"t, em to , I •• 

.... ..... '-

.......... , . ......... 

• ~ lbo.<, IbtJl hav. an .. hi ....... ,,,,,,.u. of IIt,OOO 

pound. to 74,000 pounds patqua ... h.ch; cla .. k IIll'ii. on~balf 

,h. ulelIN'c It,..n,lb: mlnlm"'" tloop tlon 18 pc. "" .. t, 10 8 

11Id>es: mWIII ..... reducllon..r I.u. a. (ra<:to"" 113 pc. «0'. 
Thi. a:rade of "eel to bend cold ISO d.C ..... , .0 I diallK'or 

equaL .0 ,h_ d ..... II,. ,hlclt_ of tho {d' pi«c . .. ithou.. 

crack CIt b ... on 'he ou .. lde of tbo ben\ _,Ion. 

8. PI ... made of .lchor of ,be above ... o.1ooted p .. 
of .. «I, . hall, on oped", ... tnt pOe«t ""I from lint.hed """cr· 

lal , fill . he physlcol tequl ... mcn.1 of 'he cn.de of ._1 (rom 

__ hio:h it iI rolled, (or .. hi ........... ""b, eLutk limit and be""-
11Ii, but 'he elonp.lon .han be dec:"'''kd oS p« ceo,., and re· 

du<:tio .. "' ........ frac ..... 10 pet cot. from .ha •• pod6ed. 

10. The varlldon In ...... __ 110" o. _iah. ol """" than 

2", per «0<' from .ha. 1p<d6ed, will be .uSele ... cause (0. 

reject ion . 

....... " ' .... 11. FulL.w, ,a •• of Ited usotd fo, "To-t.n .hall """ be ... _ 

OfITlR - · qui ... d to .1.0 .... "'0'" ,"on 10 per ceo. , eion;a'ion In ' he body 

of .h~ boo" and ' u';'" o''''Ditb DO' more . ban 4,000 pou...a 
bolow d .... i .. I .............. '" '''''ncrh ~ui~] ... peclmen '''''', 
of ,h. , .. de of ... ,,] from ",Meh It i. rolled. 

SPEClJ'IOATlONS fOR CONS'rRUCTIONil OAST IRON. 

1. "f...l'OOp' wh.,.., clIi]Ied!.a .. I.opedlied,.n caJt l~," .h,lIbo 

to..,;h I"'Y iron, r..,., from iIIjurioua cold ohuts or blow holes, 

.rae '0 pattern ... <1 of . worlu ..... Uk. Ii ....... 5.",1']' p;ecn I 

Inch 1<] .... '" (I" f.om tho ... m. h •• , of ....,,,,] In sand mold • 

• han bo C1Ipahl. oloust.lfIIDe 011. dOl, .pan '" 4 r_ 8i-cbeo 

• c ... " .. lload of 600 pOUnd. wh.n , .. ,ed In .h. ""'Ih bar . 

SPEOIfI01TIONS ' OR WORKMANSHIP. 

1. IMpection of work .... ll bo ... .,j. as It ptOfP"HIU, and. t 

.. early .. period .. ,be .... ,...., '" ,he work "",rm;". 

, 
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-

1 ... _.... -. 

t. AU wod........rup .. aM be , ... cbao., All ."""Pc ..... 
r..ca 01 eomprtaion _ben, napt ""- 01 pb.c iPrdc: .. 
........ lb. jomu a"" Ii.illy oplicod, ....... boo pI&Dcd .,.. " • ..-J ... 

• ...,.. bearillll' U ...... ,bey ,hall be In....:b _taa .h""'l:bout 

u .... 1 be obtained by ouch ~ All ~ .. b.h.cl ... ri.""" 
...... 1>0 protecled by wh'", Le.ad aDd ... n .... 

a. TI>< rlyet boleo for tpl",," pla,,,, of .bo.ntlna; ",o",ben 

ohaU b< .., .ccu ..... ely .paced that ,.."" ... h. membcrs are 

broullb, IlIto ~'\on the lIoln ohall bo truly oppotl •• ber_ 

.he ri~.u an: driye". 

~ Rolle .. IIIUS\: be. 1iD~ pc"",ly ", .. Dd aDd roIl ... ·be<,b ....... 
5. Th. pitch ol rivdI i. all daMa of """"' oIull DCTcr u_ 

oted II lacbd, DO, 16 tl_ u... Ihl_ ouu.lde pb. ......... be 
1.,.. chua diamc<cd 01 tbe "¥et, TIM 1'1 __ IlMId ..... 11 , .... 

..... n,. be H. K aDd l' h.c~ d............ ThedlataDCO: "" • ...,.., 
'be ~ 01 any piece """- tbe «A ••• of" ri .... bol< mUI' "",',0< 
ba lea ,ba .. l)t lncbeo, cxoept. (or ban leu lhan 2.\11 IDe"". 

wide. Whe" pnctico.b1e It ohaU be U 1 ..... two diam .. en of 

tbe rive.. Rl.eu m .... """'plc'ely fill ,he hola, have full 

hnd. _tric ... 11b ,b. ri ..... of .. belli'" "'" lUI .lun .6 

.h. dia....,.u .. (,be r/...", and In full co.u"c ... i,1t ,b •• u,.r""., 

o. b. ..... o.cn .. nk wh~n _ ..qu,""" and B1I;hl ... -dri.en 

.he .. "". pn<.icablc 

e. Tho diamete. ",.he ",,""h ob~1L _ u:_d by mOte 

'M" ... 6 iBch .be dlauu: .... of tIM rI~ '0 be ..oed . ...... 

• IL hole. m .... be dean cut. .. Ithou. IOn> 0' ",gcd ~_ 

Rl_ ho"'" m .... be ootU", •• ly .paeed; .he \IN or drift pi ... 

will be allowed ooIy for bri~", 10000.bet .be 00""'" """" 

1'0l"1li1"-1 a "",,,,her, and they mu.t no' be dri.eo wl.h,,,,,h (""'" 

as 10 dl .... rh .he motal aboUI .be hoi .... 

7 . Hull. mcmbe ... m .... , ",hCl. finished, be.nUI " ..... froo ("'''' 

• ...u ... kink •• buckle.. 0< 01"''' join .. be.wceo "'" component 

,,,-. 
8. AU pIII·IooIa",~ be ...,....,. •• Jy boo'Od .1 riah. ~ .... to 

'he u;. "'tb~ ...... ben • ...!coo "'h ..... ioc ohown la the d .... _ 

• 

\ 
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lap. and I. p;..c ... _ a<ljalable ror .. nph "" ~ 01 

mO«l .ha~ '·3' ..... n inch..-Ill be .nowed in the l""lr'h bel....,"" 

anI ....... plll.l...&., .b. db ........... ebe pia-1toIeo o.h>JI .oe u· 

oeedtbal athe plas by """"' Ilwo '-3" Inch ..... by ...... d>u 

'·so h,,,b (or pint under Sj{ incbe. diameter, ~;y.,.bus "m" 

be 11ta!;'" Wore boriQa; the I. ........ at be in tile c ........... Ihe 

beado. and 011 the otnoer line ot ,"" ban. Wloene_ cye.ba ... 

...... 10 be packed ... "... than)4 of an jD<;h 10 ,1>0 foot of thei • 

.... th out of p>r.>.llel ...-ith ebe nio or the 11ntCtW'C, they m ... t 

"" _t..;th a a-" ca .... until the h ... d OUI><Ia.t riPt aftilet 
to Ih. pi" In 1M;" Intmdord pooition bel"..., hei .... bot'ed. All 

eye-baro belorcln,s- to the ... me po_I. when pbotd in. pi!., 

m ... t allow the pi. at ... d> eDd 10 pool .h""'ah at tho ... _ 

tj"", wilbout fu«;i"". No weldl .. ill be alla-ed in 'he body 

01 ,h. bar .... cy ... bus. "'t .... 1a or """'II .... uooP' 10 roc .... he 

Ioos- of Iaocnols. COIJn'''' """ oway n>do, ey ... oil ........ . 

o<icrupl. "uT rod. and cc, .... , .... m"iI be bored, pin. and ta,..,.1 

hoi .. m .... he finlohed perfectly rooDd and .tn4i;bt. and .he 

hoo' _ pony CODlnClitc to ereo:t the '"""" mutt "",ride pilot ...... 

wb .... D<CCSOa'l' '0 pracrvc .be ,,,",,,<is wblle .he plnl a"" 

helac dri...... Thimbl ... or ~ ......... "" IIOC<i w~ 

«qulred .0 fill the ncanl .poooeo ... pi ... or boIII. 

_ t. [0 all C&MI ... hotte a ..... [ pi .... I ..... hkh tber"ll ...... "Ilth 

..... " .... 

ionqllired boo '-- panla.Uy Ioca ..... he .. hoIe piece III ..... be 

oubMq .. entlY"III_Ied. All t....do 1 ..... .1 muot be mId.. cold. 

or If the <lqtft o( cu ...... '~'e Ia ... a;ra.' ... to ""Iuire """-'inK. 

,he .. hole plea mut. be ... hMqDcntly a.....,.Led. 

10. AU oun.._ i_ole aller ...... mblilllf ... ~ .. be .... 11 

p>l"'eIi or oiled before lho ports .......... mbled_ 

[I. The doc.illoD of .he eoacinccr I!WI .,...,,,,1 a. '0 'M i .. · 

t~tio ...... dr.lwiDp ... d Ipecil\co.tloDto d .. rtac u.. uecu.
tI ... of..."k .b ....... ltder. bul thlo Ibll1 _ ~pri .. c lhe con· 

traCtor of hto ria;lot '0 redress, af.er tb .. completion of lhe 

'"""", for "" i"'P"OP"r.s.ciaioD 



NOTES ON moN AND STEEL. 

I. The ........ ge "'eight of .... rought iron is .80 lb!!. per cubie 
foot. A bar I inch Mjuare and 3 feet long weighs, tbere{o«, 
euctly 10 lbs. lIen«, 

r .. fill" I'"~ Itrtilf"l1l Qna,rit'm ,',,. tNfG"'I'''' /1K1I.
Multiply by h. 
711 fi"d ,I,.. '!Wig'" ~r /iNN, m'm ,It, urhima/ arta: 
Multiply by y. 
2. Tbe .... eigbt of steel is :: ptt cent. greater tban that of 

.... rought iron. 
). The center load, at whkh • bar of wrought iron J inch 

lquRre and 12 inch~ center \0 center of Jloinl$ of $upport ,.ill 
give way. is "tty nnriy (Jill t,," (of 2,240 Ills.) 

4. Within the ela$l.ic limit, the extension and romprusion of 
WTOUgbt iron is very nearly nip of iu length for r. $train of 
ont f"" (of 2,240 I".) ~ MjUMC Inch. 

"'or CllSt iron Ibis ratJo is 'J-(n for tension, bU! beccmes ".ria. 
ble for compression. 

S. The contraction or upansion of , ... ought iron under 
chang" of temperature is .bout n1-n of iu length, lOr • vuia. 
lion of I So Fahrenheit. 

The: 51n.in thus induced, if the ends arc held rij:(idly fhed, 
... ill be about ()Ht 11m (of 2,240 Ills.) prr square inch of crou 
J«tion. 

6. The coefficient of cxpan5ion of ... rought iron, for 100" 
r-ahrmheil, iso.ooo686. Therefore, for II vuilllion in tem~8_ 
lure of 125°, a bar of wrought iron 100 f«t long .. ill ClIpand or 
contract 1.029 inches. 

Ct'IIwrttly: A change in Imgth of 1 inch per hundred f~ 
.... ould be produced by a variation in l empcratu~ of 121 S° 
Fahrenheit. 

1. The melting point or iron and st~l is about u follows; 
Wrought iron, 3,000" Fahrenheit. 
Cut iron, 2,000<' " 
SI~I. 2AOOo " 

8. The welding hHt of ... rought iron is 2,733° Fahrenheit. 

MISOELLANEOUS NOTES. 
I . Thnl!t of .reh per lineal foot: 

T IS"'!'. hOh ]... , ___ , __ , In W IC W = ........ per square oot, r "'" 

2. Approximately the radiUl of gyration for" box ~ion is 
y .... tbe Ieut side. l 
rise in arch in jnch~, and 1_!!pIll in fed. 

1 , 



WOODEN PILLARS. 

Extensi"e tesu hue ~n H12de at the "'atertown Arsenal, 
M .... to detmnlne the raiMance of wooden JX*.' to cr\I&hing. 
Thel;e testa. conducted partly by the U. S. G<lvemment and 
partly by l 'Tof. Lanza, furnish the InOIl reliable dat.a exi&tin( at 
puent on this aubject. 

l'Tof. l..anta'. experimentt were made upon short Tectllrlgulnr 
blocks and upon cLrcular poIU sucb as lU"e oommonly used in 
mills. in diameter the lauer raoaed from 6){ to IO~ inchu. 
in lOme ca_ tapering aliGhtly towardll the top. They were 
from 2 10 14 feet LJ\ length and were tested with ilat ends. 

The following are the ruullS thus oIxained: 

ULTIMATE RESISTANCE TO CO)IPRESSIO:-.'. 

lIUnTlnu. luau.. IJJIUI. m, 
Whit&Oak, "" ... .,,' Tellow Pille, • "" 86'. " .. 
The timbet' employed in theae tcIta ...... neither greell nor 

thoroughly ~ed. It " ... $elected &0 .. to fairly tepre5Cnl ilS 
eondition .. ordinarily used for COlllltructional purJlOKL 

Prof. Lanla made further a ICrieli of te611 UPOIl old and tbor-
OIl~b1y lCuoned mill pow of white oak • .orne n.rying from 6)( 
inc ell diameter at the base to 5~ehes at the top. and oChen. 
ha"ing a uniform diameter of • 10 inches.. They were ap-
proximately from 12 to 14 feet in length. For the ultimate 
relis\ance to eompression in this cue he obtained an a"erage 
value oi 3,957 poundl per square inch. It is 10 be noted that 
Ihis rtSL.Ilt is Only about 14 per cent in ueeu of the mean 
vBlue given above for similar po!>U of while ook of the cbanu:ter 
there described. 

In all the foregoing tests, failure took place by direct crushing, 
the bending of tbe post being too ineonsiderable to ma.leria11y 
alTe<:t the l"C$ult. 

The other ~rie. of te611 conducted at tbe WBleTlOWO Arlena!, 
WAI made upon rectangular posta wLlb flat end5 having a length 
of from 5 to 28 feet, and ranging in lectional area from 27 to t40 
&quare illebe.. 

The results may be .. eneralized AI follo"'I, calling} the ratio 

of !ength of poM to least side of ct()lS-fiCC!.ion, Ilrld f tbe ultimale 
re&istance 10 compreuioo, ill poundl per aquare ineb: 
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p,,", ... c .,., 
" 

-
WIIITK "'l'it( YP;U.oW I'IN':' - , 

1 I a.~01 1 
, 

! ! ...... - '"'- ..... • • -
1 1m ' 

- - ---o 10 10 1.00 o to iii 400II 1.00 
10 "83 ,OJ 15 " 80 """ 0." " ... 'M 30 M .foO 3000 '" .. ·OJ 1000 0.40 400 " '6 "'" , .. ..... llOOO 0.50 

50'" 1500 '" E~llerimcn~ u,,"," white ocr.k IIOMS of such lCIlI.<th. have up 10 
the prl5C'nl Ihne noc been made. 1'mI.bly value. from 7S per 
cent. to 80 per «'1\1. of thQ&e given lOr yellow "ine may be aaJcly 
..... med. 

WOODEN BEAMS. 
'Il1e following d a ~neral summary of the ..-1 .. obtained by 

Prof. l..anu from numerous experinlenta upon " 'oodcn beams. 
'nley .... ne of an .verage Rdion of about 12X4 incha and 

.. ere I""cd for mean spa.n kngtt.. of about 18 feet: 

lJJD or nno. 
~I.t • ~Iot __ ~ .. ~ D lIJI-.. ..-\ ..... I.r_or ___ - .l 1li0l .... ... 

!I~" .. '"'" "" 48" 
hite Pille, . "" I "" "Ol .... "" "" ""5 TtlIo_ Pille, • . '"'' "" "" The .bove l latemcnt of the muimum .nd minimum nlUeli 

doeI DOt COIlIidu the rew.lts obtained in " few ;,oJ"ted cues for 
which the oooditions were radically differeDt than for the OIhel'5. 
It ... found Ihlll the beam. fre<]lImtly £'o'"C ""Y through longi-
tudi~1 &hearing Deal' the neutml uiJ, though this Wall !KIt as 
rommon " lOUr« of failure all breaking KI'OIII the grain. 

For iipl'Uce, the mean intensity of the .heariug 1It"';1III, for 
I~ that fa.iled in this mauner, was 191 lb." and for yellow . 
I,ine 24B 11'01. For beams that failed othenll';.c, the ~1IJl inten, 
sity of Ihellf'ing Slraill5 at the moment of rupture was very nearly 
the .,ne, 

The concllllion appears, theref~, to be warnnted that for 
.oft timber there is IlII almO$l equal tendency for beamA to fail by 
shearing longitudillal!y at the neut"! 1Uif, as by the learing of the 
o~de fiben.. 

Owing to the wide range of the nsu lts obtained and the 
r::lly erratic beha.,ior of timbeT IUbjected to IItraiM, Prof. 

~nd5 the follo,,~n value5 lOr Moduli of Ru g 
to be adopted ill prKIice : .. 



Spruce Ilnd White pin.... 3,000 I ... 
Oak, . 4,000 " 
Yello,.. pine, 5,000 " 

lbese valul'$ Ill'(! lower than heretofore ill use and .. safety 
(,Ictor of 4, On Ihe bru.i~ of these VlIluC!l, m"'y be assumed all 
ample for an ~ 

"T1ie following lable h.'\$ bee" calculated for extreme fibre 
sImi1l5 of 750 1b5. per sqllllre '" .. h, 

SAFE LOADS, UNIFORMLY DISTRIBUTED, FOR REer· 
AXGULAR SPRUCE OR WHITE PINE BEAMS. 

os£ I "I 

,,) 
by K) 

".,. 
1710 t\l.lO 
1560 1780 
14"0 1640 
1340 1530 

1250 1420 
1180 1330 
1100 1260 
IQ.lO 1190 
990 1130 

11170 
102<) 

'10 

"" 800 

, i 
i Ihe reqllired-;-hi,;k"~ for any l03d; Di'l'ide by we 

load for I incb. '. 



STRENGTH OF MA'i'ERIALS. 

ULTIMATE: RESISTANCE TO TENSION 

IN LIlS. PER SQUARE INCl!. 

METALS AI.'\'D ALLOYS, 

Alulr.inum Bronze, 
10 per cenl AI. and 90 per cent. Ccpper, 

'}(" "98J( " 
DTa$$, caM, . 

" wire, 
Bronte or gun Uleta!, 

Copper, (&$t. 

" ,heel, 
00115, 
wire, (unannealed,) 

Jron, ca.&t, 13.400 10 29,000, 

" 

A\'I!R"Cr., 

85000 
28000 
18000 
49000 
36000 
19000 
30000 
36000 
60000 
16600 

.... rought, round or SI'13re ba:s of 
dhmeter, double refined. ' 

10 2 inch 
50000 to 64000 

wrought, spedmeru X inch 1Iqu&f<:, cut from large 
~ of double refined iron" 50000 to 53000 

wrought, double refined, in large bw's of aboul 7 

'~\W'I'! inchea section, 4 6000 10 4 7000 
wroo;:ht, uniYefSl,I mill plales, a."lea and other 

all&pe!I, 48000 to 61000 
"'1'OU&hl plllll:l o,'er 36" .... ide. 4BOOO 10 50000 

" 

" 

" 
The modulus of el:l.M.icilyof t:nion Iron Milia' double refined 

bar iron il 25000000 to 

e)e 1». .... 

27000000 from 11:115 made on finished 

I ron, wire, 
" wire rop6, 

Lead,abeet, 
Sted, 
Tin, cut, 
Zinc, 

---=, 

70000 10 100000 
90000 

3300 
66000 to 120000 

4000 
7000 to 8000 



STRENGTH OF MATERIAL8.- Continued. 

Tl~IBER, SEASONED, AND OTHER ORGANIC FIBER. 

T.bn largely from Trautwine'l pocket book, (edition or 1888.) 

Ash, Englilh, . 
" American, 

Beech, " 
Bir(:h, 

Cedar or ubatlon, 
" American, red, 

.-If IX' Spruce, 
llempen Ropes, . 
Hickory, American, 
l,fahogrony, 
Oak, American, white. 

,\\'1:""01-
. 17000 

16000 
UiOOO to 16000 

15000 
11400 
10300 
10000 

12000 to 16000 
. 11000 

8000 to 21800 
10000 to 18000 

.. European, 10000 to 19800 
I'ine, America.n, white, red and pitch, Memel, Ri!:a, . 10000 

" long leaf yellow, 12BOO to 19200 
l'oplar, 
Silk 61ler, 
'V.lnut, black, 

7000 
52000 
16000 

STONE, NATURAL AND ARTIFICIAL. 

Brick and ument, 
GIMS, 
Slate, 
Mortar, ordinary, 

200 10 300 
9400 

9600 to 12800 
50 

U LTI MATE R ES I STAN CE TO CO MPRES SI ON. 

Draa, cut, . 
Iron, " 

.. wrouaht• 

METALS. 

OM 

10300 
82000 to 14.6000 

36000 to 40000 



STRENGTH OF MATERIAL8.-Continued. 

TDlBER, SEASONED, COM I'RES.<;ED IN TilE 
DI RECTION OF THE GRA IN. 

T.kell largel) (rom Trautwine·. pocket book, (rdition of 1888.) 

AM!. American. 
lke(h, 

nirch, 
Cedar of I.ebanon, 

American, red, 
Cheatnul. 
On], red, 
Fir or Sl'r11ce. 
I l ickory. 
Oalc. American, ... ·hite. 

Brit~, . 

" Dantrig, 
l'ine, Americall, ... ·hile. 

long leaf yellow, 

W.IIIUI, black. 

AVKItAG"_ 

6800 
7000 
6000 
5900 
6000 
5300 
6000 
l5000 
6000 
7000 

10000 
7700 5_ 
6000 
6000 

STONE, NATURAL ,\ND ARTI FTCIAI_ 
Brick, .... e.l. 61K> to 800 

lllrong, . 1100 
fire. 1700 

Hrick"'QI"k, onIillary.;1I cen>eflt, 

"'", 
Grallit .. , 
LiIn\'jlOlle. 
Sa.ldalone, ordinary, 

300 to 600 
. 1000 

500010 18000 
4000 to 16000 
2600 to 1(x)()() 

ULTIMATE RESISTANCE TO .HEARING. 

Ml:.iALS. 
l roll, CUI, 

wrought, along the fiber, . 

TIMBER, SEASONED, ALONG T ilE GRAIN. 

White l'ine, SpniCe, Hemlock, 
Vellow Pine,loog leaf, 

o.k, 

260 to 600 
30010600 
400 10 700 



LINEAR EXPANSION OF SUBSTANCES 
BY HEAT. 

To find the increue In the kngth of a bar of any material due 
to an incnl.5e of temper:atu~. multiply the number or dcgT«S 
of increase of temperature by the coefficient for 100 degrees and 
by the length of the b:l.r , and divide by 100. 

N AMIt 01' SUIISTANCE.. 
~t tot too. \1ooA<I,al ror 180' 

Iw.u..~ '.mnMl~ or 101 ......... 
Baywood, ( in the direction of the { .00026 . 00046 ,. ,. 

pin, dry,)· - . .00031 .00057 
llras.s, (caM.) · .OOlM .00188 

(wire,) .(X)l07 ,00193 
Brick, (lire,) · .0003 .0005 
Cement, (R oman,) . .0006 .0014 
Copper, .0009 .(X)!7 

~al, (in the direction oflhe grain, { .0002' .0004< 
dry,) - - . . 

Glass, (EngliSh fli nt,) - .0004' .00061 
., (FrenCh white lead. ) .00046 .00087 

Cold, .0006 .0015 
Granite, (average, ) .00047 .00065 
iron, (cast,) · .0006 .OOll 

($Oft forced,) .OO<Y/ .0012 
(wire,) .0006 .0014 

l.eat!, .0016 .0029 

{ .00036 .00005 
Marble, (CIIITlU':l, ) • ro TO 

.0006 .0011 
Mer<:u ry, .0033 .0000 
Platinum. .0005 .0009 

{ .0005 .0009 
Sand~tonc. TO TO 

.0007 .0012 
Silver, .OOll .002 
Slate, (W.les.) .0006 .OOl 

Waler, (van" «Insidcrab!y with { 
the tcmP'"l':l.lUre,) - . , .0086 .0155 

L 

- ..... 



r 
CARNlIlOlE, PHiPPS &; 00 .• LlWTED. 

WEI GH TS OF FLAT R OLLE D IRON 
PER LINEAL FOOT. 

For Th icknesses f rom n In. to 2 In . a nd Width", 
f r om 1 In. to 12~ In . 

Iron weighing 480 lb... per cubic foot. 

"'- I " Hi "IIJ.6'1I l%,/I\~ 2~:!~~1 2~1I 12" "'-

1 
..,. .200 .313 .865 .41 I ". 2.60 _469, .521 
.417 .521 ,&2:6 .729 .833 .938 1.1)4 1.15 5.00 
.625 .781 .,,, 1.09 U5 1.41 '" 1.72 7.'" 
.838 1.0< 1.2.\ L4S 1.67 1.68 2.09 229 10.00 

h 1.04 I.SO 1.56 1)12 2.09 2." 2." 2.68 12.60 

J. 1.2.\ 1.56 1.68 2.19 2." 2>1 3.13 ". 15.00 
1.48 1.82 2.19 2." 2.92 8>8 •. " ·4.01 17.60 

I 1.67 2.09 2.'" 2.92 .... '.75 4.17 4.66 ".00 

!, 1.68 2." 2.81 , ... 3.75 <l, U9 5.16 1'2.60 
I 2.09 2." 3.13 .. " 4.17 4.69 5>1 5.78 ".00 
H 229 2.86 • .« 4,01 ' .58 5.16 5.711 '.SO 27.60 
t 2.'" 3.13 '.75 ..,8 5.00 5.63 '" 1!.118 80.00 

Ii 2.7\ '.39 4.06 ".74 5 .... 5.09 '.77 7.45 82.60 
2.92 S." '.88 5.10 5.68 6.56 729 8.02 85.00 

H 3.13 8.91 •. 69 5.47 '" 7.03 7.81 8.59 67.50 
1 '.33 -4 .17 5.00 5.83 '.67 7.50 8.68 9.17 40.00 

In '.54 ·4.4.3 5.31 '" 7.08 7.<1 .85 9.74 <2.50 

:,1, ' .75 4.69 5.63 6.56 7.50 8'« ,." 10.31 45.00 
'.96 '.95 5.0< 6.93 7.92 8.91 ' .90 10.89 <7.50 

1 t 4.17 5.21 ,.2.\ 7.29 8." ,." 10,42 11.46 ".00 

In 4.67 5.47 , ... 7.00 8.75 , .. 10.94 12.03 52.50 

:+ 
4.58 5.711 ,.83 8.02 9.17 10.31 11.46 12.60 ".00 
'.79 5." 7.19 8.68 '.58 10.78 11.98 13.18 57.50 
5.00 ,.25 7.50 8.75 10.00 11.2.\ 12.60 13.75 ".00 

I!, 621 '" 721 lUI ( 0.(2 11.72 ISJl2 14.32 02.'" 
11 5.42 8.T! 8.13 9048 10.83 12.19 13.54 1·1.90 55.'" 
11\ 5.63 7.03 8.« 9.84 11.25 12.66 14.06 15.47 67.50 
1 t 5.83 729 8.75 10.21 .. 11.67 13.1S 14.58 16.04. 70.00 

l it 6.04 7.55 ' .06 10.57 112.08 13.59 15.10 16.61 72." 
1 ; 6." 7.81 

9.38 10." 1".'" U.06 
15.63 17.19 75.00 

lH 6.46 '117 9.69 11.80 12.92 14.53 16.15 17.76 77.'" 2 8.67 8.33 10.00 11.67 13.33 15.00 16.67 " ... ".00 

• 37 



r: 
OARNlJXJl.B, PHIPPS .5; 00., LIMIT&D . • 

WEIGHTS OF FLAT ROLLED IRON 
, .PER LINEAL FOOT. , 

(CO:-'T1SUED, ) 

- - . 
4K"I4K" • ,."... 3J{1I 4 /1 ..... 3" 3~' 3.J.l1I ~, 12" 

- - -- - -- --- - - -- - - -

+ 
.... 

I:ll' 
.m .781 .833 ... ,,,. .990 'M 

1.25 1.4.6 I'" 1.67 1.77 1.88 I." '.00 
1.88 '.03 2.19 2." 2M '.66 2.81 "'7 7." 
'.50 2.71 2.92 3.13 .... . .. 8.15 .... 10.00 

X 
US • .39 .... ,91 •. 17 4,48 .... .... IBM 
'.75 • . Ol .... .. " '.00 6.31 5.6 • '.Of 15.00 .... ' .7' 6.10 5.4.7 , ... 61' '''' . ... 17 .. 

! '.Ol .... .,83 OJ. '.67 7.00 7M 7." ".00 

t '.63 ... .'" 7.03 ,.50 ,." 8." S.91 " ... .... '.77 ", ,>I , ... ... .... . ... ".00 ... , ... 8.1ll , .. 9.17 11.74 10.lt 10.89 "' ... ! , ... 8.18 '.75 , ... 10.00 10.63 11.211 "" 80.00 

It. 

8.13 8.80 "., 10.16 10.88 11.51 12.19 12.86 " .. 8.75 , ... 10.21 10.94. 11.67 12 .• 0 13.13 18 ... 85.00 , ... 10.16 10.94 11.72 \2M ".28 14.06 1-UW S7 ... 
10.00 10.88 11.67 \2.50 13.33 14.t7 16.00 .. ,83 ",0.00 

In 10.63 11..51 12.'0 ".28 14.17 \6.05 15.~ 16.82 ..... 
:A "'" 12.19 13.13 IH16 15.00 15,if. .... 17.81 45.00 

"" ... .88 18.85 ..... 15.83 1882 17.81 ".80 " ... I! IUD lUI I"" 15.63 16.67 17.71 18.75 111.79 ".00 

I,., 118.13 lUI! 15.31 16.'1 17 ... ".., ~.~ !'!.?, 62'" 

:J. 113.75 tUO \8.1>' 17.19 18.33 

~r 
.63 ¥7 ".00 

IU8 lUi' 16.77 17.97 
~f ... ~~ ... !' 57.60 

II -\5.00 16.!5 17'" .. 75 .00 21.211 .76 00.00 

II. 16.63 16.93 18.23 19.53 20.83 !.,14 23.44 ~r' 6!'" 
It 11i.,25 17.60 18.96 2(1 .31 ~r 23JJ2 ~r .73 ".00 
III " .. ".28 ~.~ 21.08 r.60 WI .31 ~:?' 67.60 
I I 17.50 18.96 .~ 1.88 .33 .79 6.26 .71 70.00 

II I 18.13 ~.~ 'Ll5 ~" ".17 1!! !"~" ~r " ... Ii 18.75 ~}' 21.88 F" 25.00 ~~ I!!:"" 75.00 
III " .. .99 12.60 .22~.83 .45 .06 .68 71.50 , 1Il·00 1.67 23.33 .00 26.67 .33 10.00 31.67 ".00 ... 

'--



I I 
CARNEGIE, PHIPPS & CO., LIMITED. 

1---

WEIGHTS OF FLAT ROLLED IRON 
PER LINEAL FOOT. 

(CONTINUED, ) , - ----

Thiokness 5" 5~" 5U" 5%" 6/1 6~" 6U/I 6%/1 12" in Inohes, 
- ,------ ---- - - -- - - -- --

-rI; 1.04 1.09 1.15 1.20 1.25 1.30 1.35 1.41 2.50 
t 2.08 2.19 2,29 2,40 2,50 2,60 2.71 2,81 5,00 
-h 3.13 3,28 3.44 3,59 3.75 3.91 4,06 4,22 7,50 

] 4.17 4,38 4.58 4.79 5.00 5.21 5.42 5.63 10.00 • 
h 5.21 5.47 5,73 5,99 6,25 6.51 6.77 7,03 12.50 
t 6,25 6.56 6,88 7.19 7.50 7.81 8.13 8.44 15,00 
1'\ 7.29 7.66 8,02 8,39 8,75 9.11 9.48 9.84 17.50 

] 8.33 8.75 9.17 9.58 10.00 10.42 10.83 11.25 20,00 2 

9 9.38 9,84 10,31 10.78 11.25 11.72 12.19 12.66 22.50 T6 
.~ 10.42 10,94 11.46 11.98 12.50 13.02 13.54 14.06 25,00 

.lJ_ 11.46 12.03 12,60 13.18 13,75 14.32 14.90 15.47 27.50 ] 6 
3 
f 12.50 13.13 13.75 14.38 15.00 15.63 16.25 16.88 30.00 

" 13.54 14,22 14.90 15.57 16,25 16.93 17.60 18.28 32.50 TI; 
.'- 14,58 15,31 16.04 16.77 17,50 18.23 18.96 19.69 35.00 , 

] 5 15.63 16.41 17.19 17.97 18,75 19.53 20,31 21.09 37.50 IG 
1 16.67 17,50 18,33 19.17 20,00 20.83 21.67 22.50 40.00 

11); 17.71 18.59 19.48 20.36 21.25 22.14 23,02 23.91 42.50 
it 18.75 19.69 20.63 21.56 22.50 23.44 24,38 25.31 45.0G 
1 " 19.79 20.78 21.77 22.76 23,75 24,74 25.73 26.72 47,50 TI; 
it 20.83 21.88 22.92 23.96 25.00 26.04 27.08 28.13 50.00 

11'1;- 21.88 22.97 24.06 25.16 26.25 27.34 28.44 29.53 52.50 
it 22.92 24,06 25.21 26,35 27.50 28.65 29.79 30.94 55.00 
1-(0 23.96 25.16 26,35 27.55 28.75 29.95 31.15 32.34 57.50 
q 25,00 26,25 27,50 28,75 30.00 31.25 32.50 33.75 60.00 

11'\ 26.04 27.34 28,65 29.95 31.25 32.55 33,85 35.16 62.50 
1i 27.08 28.44 29.79 31.15 32.50 33,85 35.21 36.56 65.00 
11 ] 28.13 29.53 30.94 32.34 33.75 35.16 36,56 37,97 67.50 TI; 
1£ 29.17 30,63 32.08 33.54 135,00 36.46 37.92 39.38 70.00 

1H 30,21 31.72 33.23 34.74 36.25 37,76 39,27 40.78 72.50 
if 31.25 32.81 34.38 35.94 37.50 39.06 40.63 42.19 75.00 
1H 32.29 33.91 35.52 37.14 38.75 40.36 41.98 43.59 77.50 
2 33.33 35.00 36.67 38.33 40.00 41.67 43 .. 33 45.00 80.00 
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OARNEOI ,PHIPPS & CO., LIMIl'ED. 

WEIGHTS OF FLAT ROLLED IRON 
PER LINEAL FOOT. 

(CONTIJ:lUED. ) 

1.46 1.51 1.56 1.61 1.67 1.72 1.77 1.82 
2.92 3.02 3.13 3.23 3.33 3.44 3.54 3.65 
4.38 4.53 4.69 4.84 5.00 5.16 5.31 5.47 
5.83 6.04 6.25 6.46 6.67 6.88 7.08 7.29 

7.29 7.55 7.81 ·8.07 8.33 8.59 8.85 9.11 
8.75 9.06 9.38 9.69 10.00 10.31 10.63 10.94 

10.21 10.57 10.94 11.30 11.67 12.03 12.40 12.76 
11.67 12.08 12.50 12.12 13.33 13.75 14.17 14.58 

13.13 13.59 14.06 14.53 15.00 15.47 15.94 16.41 
14.58 15.10 15.63 16.15 16.67 17.19 17.71 18.23 
16.04 16.61 17.19 17.76 18.33 18.91 19.48 20.05 
17.50 18.13 18.75 19.38 20.00 20.63 21.25 21.88 

18.96 19.64 20.31 20.99 21.67 22.34 23.02 23.70 
2D.42 21.15 21.88 22.60 23.33 24.06 24.79 25.52 
21.88 22.66 23.44 24.22 25.00 25.78 26.56 27.34 
23.33 24.17 25.00 25.83 26.67 27.50 28.33 29.17 

24.79 25.68 26.56 27.45 28.33 29.22 30.10 30.99 
26.25 27.19 28.13 29.06 30.00 30.94 31.88 32.81 
27.71 28.70 29.69 30.68 31.67 32.66 33.65 34.64 
29.17 30.21 31.25 32.29 33.38 34.38 35.42 36.46 

30.62 31.72 32.81 33.91 35.00 36.09 37.19 38.28 
32.08 33.23 34.38 35.52 36.67 37.81 38.96 40.10 
33.54 34.74 35.94 37.14 38.33 39.53 40.73 41.93 
35.00 36.25 37.50 38.75 40.00 41.25 42.50 43.75 

36.46 37.76 39.06 40.36 41.67 42.97 44.27 45.57 
37.92 39.27 40.63 41.98 43.33 44.69 46.04 47.40 
39.38 40.78 42.19 43.59 45.00 46.41 47.81 49.22 
40.83 42.29 43.75 45.21 46.67 48.13 49.58 51.04 

42.29 43.80 45.31 46.82 48.33 49.84 51.35 52.86 
43.75 45.31 46.88 48.44 50.00 51.56 53.13 54.69 
45.21 46.82 48.44 50.05 51.67 53.28 54.90 56.51 
46.67 48.33 50.00 51.67 53.33 55.00 56.67 58.33 

240 / 

2.50 
5.00 
7.50 

10.00 

12.50 
15.00 
17.50 
20.00 

22.50 
25.00 
27.50 
30.00 

32.50 
35.00 
37.50 
40.00 

42.50 
45.00 
47.50 
50.00 

52.50 
55.00 
57.50 
60.00 

62.50 
65.00 
67.50 
70.00 

72.50 
75.00 
77.50 
80.00 



, 
CARNEGIE. PHIPPS & CO., LIMITED. 

WEIGHTS OF FLAT ROLLED IRON 
PER LINEAL FOOT. 

( CONT1NUED. ) 

Thickness 9" 9~" 9Yz" 9%" 10" 10l" 10l" 1O~/1 12" in Inahes. 

- - -- -- -- - -- -- - -- -
h 1.88 1.93 1.98 2.03 2.08 2.14 2.19 2.24 2.50 
t 3.75 3.85 3.96 4.06 4.17 4.27 4.38 4.48 5.00 
-h 5.63 5.78 5.94 6.09 6.25 6.41 6.56 6.72 7.50 
t 7.50 7.71 7.92 8.13 8.33 8.54 8.75 8.96 10.00 

Ir; 9.38 9.64 9.90 10.16 10 . .\2 10.68 10.94 11.20 12.50 
t 11.25 11.56 11.88 12.19 12.50 12.81 13.13 13.44 15.00 
;,; 13.13 13.49 13.85 14.22 14.58 14.95 15.31 15.68 17.50 

1 15.00 15.42 15.83 16.25 16.67 17.08 17.50 17.92 20.00 ~ 

Ilf 16.88 17.34 17.81 18.28 18.75 19.22 19.69 20.16 22.50 
i 18.75 19.27 19.79 20.31 20.83 21.35 21.88 22.40 25.00 
H 20.63 21.20 21.77 22.34 22.92 23.49 24.06 24.64 27.50 
i 22.50 23.13 23.75 24.38 25.00 25.62 26.25 26.88 30.00 

H 24.38 25.05 25.73 26.41 27.08 27.76 28.44 29.11 32.50 
t 26.25 26.98 27.71 28.44 29.17 29.90 30.63 31.35 35.00 

ltt 28.13 28.91 29.69 30.47 31.25 32.03 32.81 33.59 37.50 
30.00 30.83 31.67 32.50 33.33 34.17 35.00 35.83 40.00 

ln 31.88 32.76 33.65 34.53 35.42 36.30 37.19 38.Q7 42.50 
it 33.75 34.69 35.63 36.56 37.50 38.44 39.38 40.31 45.00 
llr; 35.63 36.61 37.60 38.59 39.58 40.57 41.56 42.55 47.50 
l t 37.50 38.54 39.58 40.63 41.67 42.71 43.75 44.79 50.00 

l!lf 39.38 40.47 41.56 42.66 43.75 44.84 45.94 47.03 52.50 

j 
l t 41.25 42.40 43.54 44.69 45.83 46.98 48.13 49.27 55.00 
1;'; 43.13 44.32 45.52 46.72 47.92 49.11 50.31 51.51 57.50 
q . 45.00 46.25 47.50 48.75 50.00 51.25 52.50 53.75 60.00 

1/lf 46.88 48.18 49.48 50.78 52.08 53.39 54.69 55.99 62.50 
1 f 48.75 50.10 51.46 52.81 54.17 55.52 56.88 58.23 65.00 
ltt 50.63 52.03 53.44 54.84 56.25 57.66 59.06 60.47 67.50 
l t 52.50 53.96 55.42 56.88 58.33 59.79 61.25 62.71 70.00 

lH 54.38 55.89 57.40 58.91 60.42 61.93 63.44 64.95 72.50 I 

it 56.25 57.81 59.38 60.94 62.50 64.06 65.63 67.19 75.00 
lH 58.13 59.74 61.35 62.97 64.58 66.20 67.81 69.43 77.50 
2 60.00 61.67 63.33 65.00 66.67 68.33 70.00 71.67 80.00 

I I 
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CARNEUD'. PHIPPS '" 00 .. LJ)(l'r :0. 

WEIGHTS OF FLAT ROLLED IRON 
PER LINEAL FOOT. 

(COST INU £D.) 



-
c , .',.on , .,.' . 

r-
AREAS OF FL AT ROLLED IRON, 

For T hicknesses from ".. In. to 2 In. and Widths 

Ok __ 

1" ;"'1,.., 

f{ .063 
.125 

h .188 
\ .". 

h .S13 

+ 
.315 
.• 38 
.500 

)- .563 . .,. 
H .688 
I .750 

1A 

.813 

.315 

.'" 1.00 

If, 1.00 

:J, 1.13 
1.19 

1 \ 1.25 

I!, 1.31 

:L 1.38 
1.44 

1 \ 1.50 

I!, 1.50 
1 1 1.63 
III 1.59 
1\ 1.75 

111 1" 
II 1.88 
III 1.94 
2 2.00 

from I I n. to 12)( In . 
, , 

17.l" 1 1~" 1 
- - --, 

2" 2.!i" y.,,~ 
.m ,,,. 
.156 .188 

'" .381 
.813 .315 

.891 .• 69 

.'69 "" .5<7 .... 

.625 .750 

.708 .8« 

.781 .938 
,85, 1.08 
.938 Ll8 

1.00 \2' 
1.00 un 
1.17 1.41 
1.25 1.50 

1.33 1.59 
1.41 1.69 
I." 1.78 
1.56 1.88 

I." 1.97 
1.72 2.00 
1.80 2.16 
1.88 2.25 

1.95 2." 
'.03 2.44 
2.11 2.53 
2.19 2.63 

227 2.72 
2." 2" 
2." 2.91 
2.50 '.00 

10' 
219 

"" ... 
.125 .... 
.31' 
.500 

. .,. 

.750 

.875 

'47 
656 
780 
875 1.00 ... 
00 

.2<1 
8! 

1.18 
I. 1.25 
1 1.38 
I. 1.50 

I. " 53 
1.69 

I. 1.75 
I. .. 1.88 
I. 75 2 

1 .. 2 
31 2 I. 

2. '" 2 19 2 2. 

,. 80 2 

" 2 .52 2 
63 , 

,. , 
2. 

2. 73 , 
... . 
95 • 
06 • 

, 
2. ,. 

.00 

.18 

.25 

.38 

.50 

.69 

.75 

.88 

.00 

. 13 

.25 ... 

.50 

•• .63 17 8 
8.28 8 

39 • 
50 • 

75 
•• .88 ,. .00 

2'3 

--
.t4J 
.281 .. " .563 

.703 
-'« .... 

1.13 

l.2'I 
1.41 
1.05 
1.69 

1.88 
1.31 
2.11 
2.25 

2.89 ... 
2.67 
2.81 

2.95 
8.00 

"" 3.38 

'.52 
'.66 
'.80 
'.94 
'.Ol 
.22 U, 
'.50 

I 

2~1t 2~~" 12" 
-- ----

.156 .172 .750 

.313 -'« 1.50 

.• 59 '" 2>, . .,. .688 '.00 

.781 ... , S.7~ 

.'" 1.08 •. , 
1.00 1.2<1 5.85 
1.25 1.38 '.00 

1.41 1>5 '.75 
I." 1.72 7.50 
1.72 1.89 8.25 
1.88 2.06 8.00 

'.OS 2.25 9.75 at' 2.41 10.50 , ... 2.58 11.25 
'.50 .2.75 12.00 

'.66 '.92 12.75 
"I '.00 18.50 
2.97 '27 U.25 
3.18 3.44 \5.00 

• .28 3.61 15.75 .... '.78 16.50 
3.59 8.95 17.25 
3.75 4.13 \&00 

3.91 .... 18.75 
'.06 4.47 19.50 .... '.54 2<1 ... 
'.38 4.81 21.00 

.... '.98 21.75 
'.69 5.16 22.50 .... .... 22-" 
5.00 • .50 24.00 

I 
I 
, 

I 

, 

, 



-- ---- - -i-
'.,/, .0 

AREAS OF FLAT ROLLED I RON. 

( COli"INURD.) 

- -
4J.{"I 4}t"fI """'" 3" 3~" 3~" au"! 4" 4%11 12" imlDM. 

---- - -- -- -- - -- -- --
n .188 ... '" -'" ..., .266 .88, %II .,.. 
/ .1115 .• ,. .... .... .500 -53, .563 .,,, ,.50 

'i' .563 ... .... .703 . ,.. .7'1/ .... ... , 2-" 
.750 ... ..,5 .938 1.00 1.06 1.18 1.19 3.00 

/, .'38 1.10 1." 1.17 1.$ 1." 1.41 1.48 3.75 

{, 1.13 '''' 1.81 1..(1 '.50 .. , 1.69 1.n '.50 
1.81 1.42 I'" 1.64 1.75 1." 1.97 2.08 ,-" ,.00 1.63 1.75 1.88 2.00 2.18 2.25 2.88 '.00 

+ 
1.69 1.88 1.97 2.11 2.25 2." 2'" '.67 6.75 
1.88 '.08 2.111 2." 2.50 '.66 .. , '.97 7.60 
2." ". 2.41 ,.58 2.75 2.92 '.09 '.27 "" 2.25 2.« '.63 .. , '.00 .. , • .88 0;' , .. 

tI 2.~ 2.64 , .. , ... 8.25 8.45 8.66 8.88 '.m 
I 2." ,.84 .... 8.88 '.60 •. " 8." 4.16 10.60 
tI , .. 8." 8.88 8.52 3.75 '.88 • .22 '.,(5 11.25 

I 8.00 3.25 8.., 8.75 '.00 • .25 . .., '.75 .. 00 

II. 8.19 S ... '.72 ,." • .25 U2 '.n 5." 1~75 

~A '.88 8.66 •. " • .88 .... '.n 5.06 5." ,,.., 
'.56 8.86 4.16 4.45 '.75 5." 6." 6.64 '4.2, 

1 / 8.75 .... '.38 .... 6.00 5 .. 6." 6." 15.00 

1/, , ... 427 ... '.re 6.25 6.58 5.91 6.23 15.75 

1,1, 4.13 4.47 4.81 5.16 ,.50 6.84 6.19 ,.68 .. 50 
4.81 '.67 5.03 5." 6.75 6.11 6.47 ... 17.25 

1 / . .., '.88 5.26 5." '.00 '.88 6.75 7.18 18.00 

I!. .... 6." 5 . .(7 6.66 6.25 ... 7.03 7.42 18.75 
11 .... 5.88 6." , ... .... 6.91 7.81 7.72 19.50 
III 6.06 6." 5.91 • .33 '.75 7.17 ", '.112 20.26 
If 5.25 1i.69 6.18 ... 7.00 7." 7.88 8.81 21.00 

III U4 6.88 ... •. ., 7.25 7.70 &16 8.61 21.75 
1/ 5." .... .... 7.08 7.50 7.97 au 8.91 22.., 
' f! 0., •. ., '.n 7.27 7.75 .'" ." , .. 2"" 
2 '.00 . .., 7.00 7.., • 00 ,.., '.00 , ... 24.00 . , 



- ._-

AREAS OF FLAT ROLLED mONo 

(OO!'lTll'OUW.) 

!= lV' lSU" 6~" lS~~1I1 61/ O}i''' 6Jt" 6~~/I 
:---- - - -

! .tIS.828.au.359.375.39I .406.~ 
.tI2ti ~ .688 .719 .750 .7&1 .813 .au 
.938 .geu 1.03 US US 1.17 1.22 1.27 

t 1.26 1.31 1.38 1,4.4 I.bO 1.56 1.63 1.69 

12// 

.7liO I.., . ..., 
8.00 

I" :,J. 
II 

I t . 
:,J. 
I I 

It, I, 
I II I, 
III 
II 
III , 

1..56 1.54. 1.72 1.80 1.88 1.95 2.03 2.11 S.'l5 
1.88 1.97 2.08 2.16 2.25 2.34 2.« 2.53 '-SO 
2.19 UO 2.41 2.52 2.63 2.73 2.84 US 5.M 
!.liO US 2.75 2.88 3.00 s.t3 tu5 8.38 6.00 

2.81 2.95 8.09 8.28 3.88 8.52 3.&6 3.80 6.75 
8.!11 8.2:8 8.« 3.59 8.75 8.91 ".06 U!:2 '1.so 
8.« 8.61 8.m 8.95 -4.13 40.80 4.47 4.64 8.26 
3.75 3.if. 4.13 Ut ·4.50 "'.69 4118 5.06 9.00 

·tOll 4.27 ·U7 ".67 4.88 &,08 5.28 U8 9.75 
U8 ·4.59 .4.81 5.03 5.25 5.47 5.69 5.91 10.50 
4.69 ".92 5.16 6.89 5.63 5.86 6.09 8.83 11.26 
5.00 US 5liO 5.75 6.00 6.25 6.50 8.75 12.00 

6.11 U8 5.801. 6.t! 6.38 6.64 6.91 7.17 12.75 
6.68 6.91 6.19 6.47 6.75 7.03 7.81 7li9 131iO 
Ii.IM 6.23 6.58 6.88 7.13 7.42 7.72 8.02 14.25 
62S 6.66 6.88 7.19 '1.50 '1.81 8.13 8.« 15.00 

11.56 8.89 7.22 7.65 7.88 8.!(J 8.5S 8.86 15.75 
US 7.22 7.56 7.91 8.!6 8.69 8.94 11.28 16.liO 
7.19 7.65 7.91 8.27 8.63 8.118 9.M 9.70 17.25 
7./iO 7.88 8.2Jj 8.63 9.00 9.88 9.75 10.13 18.00 , .. ... ... 
'" 

... .... ... 
9.19 

8.59 ''' 19.38 9.77 10.16 tORi 8.9'- 9.84 9.75 10.16 10.!i6 10.~ 
918 9.70 10.13 10.505 10.97 11.39 
9.63 10.06 10.50 10.9'- 11.38 11.81 

9.00 9.52 9.97 
9.38 9.84 10.81 
9.69 10.17 lUG 

110.00 .10.50 11.00 

10.42 10.88 11.83 11.78 12.23 
10.78 11.25 11.72 12.19 12.66 
It.!' 11 .63 12.11 12.59 13.08 
11.50 12.00 12.50 18.00 IUO 

, , 

I'" ".., .,.25 
21.00 

21.75 .. .., 
23.25 
".00 



OARNEOlB, PHIPPS at 00 .• LlMITED. 

AREAS OF FLAT ROLLED IRON. 

( COl'o'TINUED. ) 

. .(38 . .(53 .469 . .(84 1iOO .516 .531 .547 

.875 .906 .938 .9611 1.00 U13 1.06 1.09 
1.31 1.86 1.41 US l.60 1.55 1.59 UU 
1.75 1.81 1.88 I.W 2.00 2.06 2.\3 2.19 

2.19 227 2.34 2.(2 2.50 2.58 2.66 2.73 
2.113 2.72 2.8\ 2.9\ 3.00 3.09 8.19 3.28 
8.06 3.17 8.28 3.89 8.50 8.61 3.72 8.83 
3.50 3.63 8.75 8.88 .(.00 4.13 .(.25 U8 

8.M U8 .(.22 U6 4.50 .(JU .(.78 4.92 
.(.38 .(.53 4.00 .(,84 5.00 5.16 5.8\ 5,47 
4.81 U8 5.16 5.83 5.50 5.67 5.84 6.02 
525 5.« 5.63 5.81 6.00 6.19 11.38 6.56 

.750 
1.60 
2." 
3.00 

'.75 
UO 
5." 
'.00 

6.75 
7.60 
825 
'.00 

5.69 5.89 6.09 6.30 6.50 6.70 6.91 7.11 9.75 
6.13 6.34 6.56 6.78 7.00 7.22 7.« 7.66 10.50 
6.56 6.80 7.03 7.'t7 7.50 7.73 7.97 8.20 11.25 
7.00 7.25 7.50 7.75 8.00 8.25 8.50 8.75 \2.00 

7.« 7.70 7.'17 823 8.50 8.71 9.03 9.30 12.75 
7.88 8.16 8.« 8.72 9.00 9.28 9.56 9.84. 13.50 
8.31 8.61 8.91 9.00 9.50 9.80 10.09 10.39 14.25 
8.75 9.06 9.88 9.69 10.00 10.31 10.68 10.M 16.00 

If .. 9.19 9.52 9.84 10.17 
II t 9.63 9.97 10.31 10.66 
-h 10.06 10.42 10.78 II.t4 

1 i 10.50 10.88 11.25 11.63 

10.50 
11.00 
11.50 
1>00 

10.83 11.16 
II.SoI 11.69 
11.86 12.22 
12.88 12.75 

11.48 
12.08 
12.58 
13.13 

16.75 
16.60 
1725 
18.00 

II. 10.94 11.33 11.72 12.11 12.50 12.89 13.28 13.67 18.75 
I t 11.38 11.78 12.19 12.59 13.00 13.41 13.81 14.22 19.50 
Itt 11.81 12.23 12.66 13.08 13.50 13.92 14.34 14.77 20.25 
It 12.25 12.69 13.13 13.56 14.00 14.44 14.88 15.31 21.00 

Itt 
I I 
III 
2 

12.69 
13.18 
13 ... 
14.00 

13.14 13.59 W)5 
18.69 14.06 lU3 
l·t05 114.53 16.02 
14.60 1".00 1,,·50 

14.50 
15.00 
16.50 
16.00 

IUS 15.41 
15.47 t5.W 
16.98 16.47 
16.50 117.00 

".8< 
16.41 
16.95 
17.60 

21.75 
22M 
2325 

"'" 



''''' 
AREAS OF FLAT ROLLED IRON. 

(CO:iTI~U&D. ) 

~1= 1 911 
I' I i j-

g~1I 1 9}i" 9'~1J 10" lOin 10"'101" 12" 

-- ---- - - ---- - - --
n -'" .,. .... ... .625 . '" .... .m .". 

~ 
1.18 1.16 1.19 I'" I ... 1.28 1 1.31 .... 1M .... .." .. 18 1.83 1.88 1.92 1.97 '.02 2.25 
2.26 I 2.31 .... 2." 2M 2.56 2.63 .... '.00 

I. 2.81 2.89 ... , 8.00 18.13 • .88 "" 8.36 '.75 

+ 
.36 8.47 .... 8.66 8.75 8." 8.94 '.03 '.50 
'94 .... 4.16 4.27 4.88 U • 4.59 4.10 , ... .... '.63 '.75 .... 1 '.00 S.tS , ... , ... '00 

l 
5.06 610 , ... US 6.63 '.77 5.91 .... '.75 
5.63 15.78 .... .... •. " ... . ... .." ,.50 
6.19 6.36 , .. 8.70 ... , ... '''' 7.39 .25 
6.75 6.94. 7.18 7 .. 7M 7." 7." ". '.00 

1/ 7.3\ , ... 7.'/2 7." ... 8.33 .... 8." '.75 

/1 7." 8." 8.81 8.63 875 8.87 9.19 9.41 10.50 
8.« 8.67 8.91 9.14 , ... 9.61 '.S< 10.08 11.25 
'.00 '25 '.50 9.711 10.00 10-" 10.50 10.75 12.00 

I" , ... '.83 10.09 10.36 10.63 10.89 tU6 lU2 12.75 

I). 10.13 10.41 10.69 10.97 1t.2li IU3 11.81 12.09 13.50 
10.69 1D.1111 11.88 11.68 1t.88 12.17 12.·f07 12.77 ,,-" 

It "'" "'" 11.88 12.1\1 1Z.50 12.81 13.18

1
IU", 15.00 

' I. 11.81 12.14 12.'7 12.80 1~.I3 lU5 18.78 '4.1 t 15.75 

I), 1.2.88 12.72 18.00 l1ut 18.75 14.09 lU4 14.78 16.50 
12.94 13.30 13.66 IU'12 IU8 I,GS 15.09 15.45 17-" 

I! t3.SD 13.88 ".25 14.63 115.00 15.88 15.75 18.18 1800 

II. 14.06 IU5 1.f..8t 15.23 15.63 16.02 18.41 16.80 187. 
I I 14.63 15.08 15.« 15.31. 16.25 11.66 17.06 17.47 " .. III 15.19 15.61 16.03 16.45 16.88 17.30 17.'12 IUfo "'". 
It 15.7li 16.19 16.63 17.00 17.50 17." ~ ... '081 21.00 

Itt 16.S1 16.77 171> 17.67 18.13 181i8 19.0S lU8 21.75 
, / 16.88 17.84 17.8t 18.28 18.75 19.22 19.G9 20.16 22M 
Itt 17.« 17.92 18.4J 18.89 lU8 19.86 .84 20" "'''' • 18.00 " ... 19.00 19.50 20.00 20.50 21.00 21M ".00 

.47 



- c ---

AREAS OF FLAT ROLLED IRON. 

( CO~'TINVEI).) 

-
""'- ll" IU!' llt" 11f" 12/1 12*,) 121" 121" iB~ .---:-'-i-I-:-'- ., " 

f 
.m £~ .",1 .'" .719

1 

.". .,.. .'" .781 
1.88 UJ 1.U 1.47 11iO \.58 1.66 1>, .x 
2.06 2.1 t 2.16 2.20 2.25 2.30 2.M '.39 il 2.75 2.81 2.88 2.94 3.00 3.06 3.13 lU9 

t 3.« '''' ,., 8.67 875 ,,. 3.91 '" 
~~ 
.x 

4.18 • .22 "-81 ·Ul .... .,9 4.69 '.78 1 ,-
4.81 4.92 '.08 5.14 ,.2.\ ,.,. U7 '.58 .-

! 5.SO '.63 5.75 , .. 6.00 6.13 6.2.\ 6." i~ n 6.19 6." 6.47 6.61 6.75 ,,. , ... 7.t7 

1 6 .. , ... 7.19 , ... 'M '.66 721 , . ., ! I , .. '.78 7.91 8.08 8.2.\ 8.42 , .. 8.77 .• ~ 
,.2.\ ,.« as, 9" 9.00 9.19 9.38 9.56 ~ ., 

tI ". 9.14 9." 9M 9.75 9." 10.16 10.86 ~l 
I 9.63 9.8< 10.06 10.28 10M 10.72 10.\1( 11.16 1! 

Itt 
10.31 10.505 10.78 11.02 1\.2.\ 11.48 11.72 1t.~ 
11.00 1\.2.\ II.SO 11.75 12.00 12'" 12M 12.75 

~ I 
In 11.69 11.96 12.22 12.48 12.15 18.02 13.28 13.55 " 

: ~ 12.88 12.66 12.9-1 1322 13.50 13.78 IU16 14.84 " 13.06 18.36 IS.66 13.95 ".2.\ 14.65 " ... 15.14 [,' 
1\ 13.75 14.06 tUB 14.69 15.00 15.31 15.63 " .. i ; 
1/, 1"''' 1'' 77 ".09 15.4' 1,,·75 16.08 16.<\ 16.78 g ~ 

I I HilS 1547 1581 16.16 1650 16.84, 17.19 17.53 H In 1581 1617 1653 1689 17.25 17.61 17.97 18.83 
II 16.50 1688 1725 17.63 1800 1888 18.75

1

19.13 

~~1 In 17.19 17.58 17.97

1

18.36 118.75 19.1' 19.63 19.92 
I I 17.88 18.28 18.69 19.09 19.50 11'.91 2O.S! 20.72 ,. ! -. tU- 118.56 18.98 11U1 19.83 ,20.25 20.67 21.09 '21.52 ~s .. 
I I 19.2.\ 19.69 ~.t8 ,,,.56 f l.OO 121 ... 121.88 22.81 .!!: as 

1"-IH 19.94 12O·S9 20.84 21.80 rl.75 22.20 22.66 23.11 - I 
I I 20.63 21.09 ~1.56 ;22.03 22.50 22.97 23." 23.91 ~~ ~ 
' ll 21.31 21.80 22.28 22.77 .23.25 23.73 24.22 24.70 l ~ 2 22.00 22.50 123.00 23.50 24.00 24..50 ,25.00 i25.50 

I 



CARNI!:OlE, PHll"PS & CO., LlMITlID. 

STEBL. 

WEIGHTS OF FLAT ROLLED STEEL. 
I"[R LINU. L FOOT. 

ror IbJeknesset from lJ, Ill. W 2 m. and Widths from 1 m.1o 12}.( in. 

"'- I" I",," I }{" I K" 2" 2",, " 2X" 2)(" 12" ,ui .. "" 

1: .63S .m . .,7 1.11 1.28 1.44 1.59 1.75 7.65 .... 1.06 1.28 1.49 1.7(1 1.91 ." '" to" 

~ 1.06 1.33 1.59 I." 2.12 '" 2." ." 12.75 
1.28 1.59 1.92 2.23 2.M 08'1 3.19 8.Sl 15.30 

U 1.49 '86 2.23 ... 2.98 3." 3.72 '.09 17.85 
1.70 '" 2.55 2.98 3.4(1 393 4.25 4.8'1 20.40 

Jt I." ,." >8, 3." 3.93 '.30 '.78 5." 22.95 ", , ... 3.19 '.72 4.25 4.78 5.31 5.84 "'50 
ti 2.M ". 3.51 '.09 '.8'1 5." 5.84 <4, "0; 2.55 "9 '.93 4.47 5.1(1 5.75 6.33 '.02 80.60 

ji <76 3.45 4.14 '.84 5.53 .21 6.90 7.60 sal5 
2.98 '.72 4.47 5.20 5.95 6.69 7.44 0" 35.70 ,. 
3.19 '.99 '.78 5.58 ." 7.18 7J" &71 .. 25 ," 3.40 4.25 [dO '.95 . ., 7." ... 9." 40.80 

lrr '" 4.52 U2 ." 7.22 '" 9.00 "', 43.35 >8, '.78 5.74 .70 7." &61 9.57 IG.52 .(5.00 :v '.04 '.05 6.06 'JYI &'" 9.09 10.10 11.11 .. " '.25 5.81 6." 7." & .. 9.57 10.63 11.6\1 51.00 

i* .U6 '.58 6.69 7.81 093 10.1).1 tUG 1221 58.55 
,.8'1 5.84 7.02 018 9.35 10.52 11.69 12.85 5610 

In-
'.89 '" 7.34 0 .. 9.78 11.00 1>2' 13.« .... 
5.10 5." 7.65 093 10.20 11.48 \275 14.03 61.20 

~a 
5." 6.64 7.97 9.30 10.63 11.95 13.28 14.6\ 63.75 
... 2 6.90 &" 9.67 11.05 12,43 18.81 15.19 66.30 

iU 5.74 7.17 &61 10.04 11.47 12.91 14.34 15.78 .. 25 
'.95 7.4,( &" 10.42 11.90 13 . .(0 1<98 ,<3, 71..(0 

itt '16 7.70 9." 10.79 "93 "" IUO \695 73.£5 
6.38 7!!1 9.57 11.15 12.75 14.34 15.114 17.53 7<" II! ." 0" 9.88 11.53 13.18 14.83 16.47 18.12 79.05 , ,., & .. 10.20 11.90 18.60 15.30 17.00 1&70 81.60 ... 



CARNOOIE. PHIPPS & 00 .• LIMITBD. 

STEEL. 

WEIGHTS OF FLAT ROLLED STEEL. 
~J:II LINEAl. rOOT. 

(OO~"INIJ~D.) 

....... '" 1)(" IYs" 31(" ." ')(" 'X" '¥" 12" ..... -
J'1 

1.91 .,7 '.33 ,." '.55 ." '87 .... 7.66 
2.05 ." ... 3.19 "0 3.61 ... •. " "00 

* 
3.19 ... '.12 ." .. " '.52 .. " ... ,>75 
'.83 U5 4.41 .." 5.10 5.42 5.74 .00 15.80 

~ 
4046 '.83 ,." '.53 '.95 6" 670 7.f1/ 11.85 
6tO 6.53 '.95 . " ... 7.22 7." ... 2MO 

n .,. .... 670 7.17 7.65 ." ." ' .00 22." 
63' 69' 7." 7.'17 '" , ... 9.57 10.10 "'" 7." 7.60 ." .76 ,." , ... 10.M! 11.11 .. 00 U 7.65 ." ... 9.57 ,." 10.~ 11.(8 12.12 , ... , 

U ." ." '.67 10.36 1 1.00 11.14 12.43 13.12 "15 ... 9.67 10.41 11.16 11.00 .. " "'29 14.13 3.1.70 
,II '" 10.36 11.16 11.95 12.75 13.M 14.34 15J.l sa" 

'0.21> 11.06 11.90 ,." "60 14045 15.30 16.15 ,,1.1,' 

h'l 10.84 11.14 12.65 13.M 14.4.'i 15.$ '62' 11.16 "" 1 1.48 12.43 13.39 14.M '''' 16.25 11.22 18.17 .. " 11} 12.12 13.12 14.13 15.14 16.15 17.15 18.17 19.18 .... 
,." 13.81 14.87 \5.94 17.00 1&118 19.13 20.19 51.00 

la "" 14.50 15.62 ttm 11.85 1&" "' .. 21.20 53." 14.03 15.20 18" 17.53 18.70 19.87 21.Cl' 22." "'to 
l~ "'66 15.88 11.10 1&" 19.55 20.11 21.99 23." "''' .. " '85' 17.85 19.13 20.40 21.68 22.95 ,.." 51.20 

IS 
.... 17.27 .. " 19.92 21.25 22.53 28." ..... .m , ... 17.96 19.34 "'12 "to 23.48 ".87 '62' '''' 17.22 .. " .... 21.51 22.95 '<.3' .. " 27.26 ,as, 
17.85 19.34- 2083 22." "" .. ". "" 28.27 71.40 

1M 18.49 "' .. 21.57 23.11 , ... , .. " 27." 29.27 "''' 19.!3 2012 22.3, 23.91 .. '" 27.\0 28.69 30.28 "50 
1/1 19.11 21.41 "'118 24.70 ,." 28.00 ".S< 31.~ 79.0' • 20." 22.tO 28.83 25.'" ".20 28.00 "" "" 81.60 

2M 
L 



- - f-
OARN . Y-' . 

- .-
STEEL. 

WEIGHTS OF FLA T ROLLED S TEEL. 
PER LlNt~L rOOT. 

(COSTINUED.) 

.. - ." 5X" liM" 6;1(" 6" 6,1{" ax" 6;1(" 12" iii .... 

V 3.19 "15 3.51 8.67 '.83 '.99 4,1.4 '.80 ?" '.25 .u6 '.67 '.83 6.10 5.31 '.53 ". 1<120 

t. 5.3\ '.53 5.84 6.11 6.38 ". 690 7.17 m5 
Ii 638 '" 7.112 ? 84 ?" ?9? & .. &61 15.30 
I, ?« 7.8\ &1' , .. &" 9." '.67 10.04 t7.Bfl 
!< '" &93 9." 9.77 10" 10.63 11.05 11.48 00.4.0 

~ 
,., IO.M lo.s2 11.00 t us 11.95 12.43 12.91 22.95 

10.63 11.16 11.69 12.22 12.75 13.28 13.81 14.34 2>.511 
II 11.69 12.27 I." 13.44 14.03 lUI 15.20 15.78 "'" JI 12.75 13.39 14.03 14.67 15.30 1,84 1'" 17.22 90." 

II 13.81 14.50 15.19 I'" 16.58 17.27 17.95 1&" 33.15 
14.87 Hi.S! 16.36 17.10 17.85 1 .. ' 19.34 20." 85.70 

II la.W 16.74 17.53 1'93 1.9.13 19.92 20.72 2t.51 "" 1 17.00 17.85 18.70 19.55 .... 21.25 "'10 "''' '0" 

1 I'''' "116 I'" 19.81 20.77 21.68 22." 23.48 ".W 43.85 
1" 19.13 ..... 21.fU 21.99 "''' ""1 24.67 25.82 45.90 
Ii'..: 20.19 21.20 ""I "" ..... 2>.23 ,..24 ,.,'" 4&40 
1" 21.25 22-" 23.93 24.4-4 25.51) 26.56 "'.62 "" 51.00 

!~ 22.32 23.43 " ... 25." 26.78 "'.90 29.01 30.12 53.56 
23.38 ".54 25.71 ..... '&1>1 29.22 80." '1.56 "10 If: 24.·" 25.66 26 .. 2&10 29." 80.55 31.77 "'" "" l' 25.51) ,.,. 28.115 29.38 30.00 31.88 :tal' 34 . .f3 61'" 

! ~ 26.57 ,., ... 2.9.22 80.55 31.88 ".20 ".53 " .86 63.75 
"'.69 29.01 80.39 31.77 83.15 .. .53 35.91 87.29 116.80 

:U "69 30.12 31.55 82.99 34.43 35.86 87.80 38.73 .. 85 
".75 31.24 82.73 ".22 ".70 37.19 38.69 .f0.17 71.40 

:l! SO.81 32.35 83.99 35.43 8698 38.52 40.05 41.60 72.95 
31.87 38.47 ".116 3C." 38.25 ".85 .fI.U 43.00 ?OJIII 

111 82.94 34.59 '62' 37.88 ".53 .f1.17 "" «.46 79." , " .00 " .70 37.40 3ll.10 .f O.ro .fUO 4.f.2O 45.90 81.60 

-... I 



r: 
CARNE:r.~ ppn> ..... " ·~I~BD. 

STEEL. 

WEIGHTS OF FLAT ROLLED STEEL. 
PIlA LlN ';"L rOOT. 

• (OO!iTI~U£I).) 

.... - 7" 7:4" 7Ya,, 17.l(lf l ." 8.J( fI 8){" .)(' 12" ...... 
0 

!1 4.46 •. " '.18 494 6.10 , ... , ... .,. 7.65 , ... 0" 0 .. 6.S8 6.SO 7.01 7.22 7.43 to'" 
~ 7." 7." 7.'11 ." 8.60 &76 .... . ... "76 ... .... .. , '.88 '''''' 

,.., to" 11.18 15.30 

~ 
10.41 10" 11.18 11.53 IUO "" "" U!.O! 17.85 
IUIO , .... "" 13.18 !aSO lUIS if.« U.87 ~.40 

a " .. , .... 14034 "82 "" 15.78 ''''' 16.74 ... .. 
14.87 15.40 , .. , 16.47 17.00 ".53 '"06 18.69 """ "36 "94 ".68 18.12 18.70 IU8 Ii'" "''' .". u " .. 18.49 19.13 19.77 "'10 21.04 21.68 ,." 31160 

II 19.34 "' .. ".72 IlL41 ,." ,." 23." 24.17 33.15 
20" 21.67 ... " ".'" ".SO ".56 25.80 ".M 85.70 

, ft .... 23." 23.91 24.70 ... " 26.SO 27.10 27.89 ,." .... ..... ..... ..." 27." .. '" .... ".76 40.80 

tn ..... .. Ii 27.10 ..00 .... ".80 10.70 31.61 ... " .. " 27.13 .. " ".M 311.60 31 ... !2..12 "'47 .... 
t~ .. '" .. " ..... 3129 32.3 • 33.S1 ... " ..... .. " ".75 30.8' 31 .. "94 ".00 ... 06 . ,,' " ... 51.00 

:~ 31'" .... .:U. 34", ..." .... , " ... S9.00 53.55 
.m .189 35.06 36.23 ".10 ... " I~m 40.91 56.10 

t~ 8UI .... 36." 37.88 39.10 40.82 UM un 58.65 

... " ... " ..... 89.53 .080 .M • ..... «.63 11.20 

:a 
37.19 .," ".84 4J.l7 41150 43.83 ~.16 46.49 63.75 
33.67 40.05 4t.H 42.82 44.ro 45.58 46.96 .... 66.30 

, I 40.16 41.59 48.08 41..(7 0.90 47.33 48.76 60.20 118.85 
1)( 41.65 43. 14 « .63 46.12 47.60 49.($ ".58 62.07 71.40 

1" 43.14 ..... . ." 47.76 " ... .. 84 ,U8 53.92 13.95 
'ii 44.63 4a.2! 47 ... 49.40 51.00 "'00 64'" 55.79 1 7tU.O 
'll I'''' I 47.76 

49.41 5Ufi 52.70 54.36 "00 57.114 79.06 , 47.60 49.30 51.00 "''' 54.40 : M10 67.80 69.50 81.60 

.5. 
'-

, i 



+--------------+ 

, 

STEEL. 

WEIGHTS OF FLAT ROLLED STEEL. 
"EA LINEAL rOOT. 

(COSTINUID.) 



~ 
tI 
~ 

a ~ 

H I I 

:J1 
:~ 

:~ 
:~ 

:il 
:~ 

:~ 
1M • 

PI. c UTE.O. 

STEEL. 

WEIGHTS OF FLAT ROLLED STEEL. 

11" 

,." , ... 
11.88 
14.03 
IU8 
1&70 

P~R LIIU:,.,L rOOT. 

(cm.-rINI1r:D.) 

12" 

12.22 
IUS 
17.12 
".66 
8800 ..... 
8888 
29.83 

81.76 
S4.21 ..... 
8&10 

..... .. ... 
" .00 .... .... 49."6 
.. 88 .... 
61.82 ... 67 .. " ,,,., ,.,1 69.87 
'&65 ..... 
6UO ..... 
8354 67.88 
8398 711.29 
1113." "-.. ,. .. , ... , 
,." 78.00 
75." 80.70 
78.00 "' .. 

&" 
1'" 



CAHN",OIE , PRIPPB & CO., LIMITED. , 

WEICHTS AND AREAS OF 
SQUARE & ROUND BAllS OF WROUGHT IRON 

And Circumferences or Round Bars. 

One cubic foot weighing 480 IUs. 

'""'- cr~f "'''Plof "" .f "" . ...... -
",D~ 0'" 0" 0" '0" 
i. IIl<Ioa o.a hoi. !oq:. OlIO hM Loac. im ... ilItMo. ill ... ilI<MI. la.i ...... 

0 

t .013 .010 .0009 .0001 .1963 
.05' .041 .0156 .0123 .3927 
.117 .09' .0352 .0276 .5800 

f 
.• 08 .164 .0625 .0491 .78M 
.326 .256 .0977 .0767 .9817 .... .S68 .1406 .1104 1.1781 
.638 .501 .1914 .150S 1.3744 

Z 
. 833 .... .2500 .1963 1.5708 

1.055 .828 .3164 ..... 1.7671 
1.302 1.023 .3906 .3068 1.9636 
1.576 1.237 .4727 .3712 2.1598 

! 1.875 1.473 .5625 .4418 2.3562 

X 
2.201 1.728 .6602 .5185 2.5525 
2.552 '.00< .7656 .6013 2.7489 
2.930 2.301 .8789 .6903 2.9452 

1 3.333 2.618 1.0000 .7854 3.1410 
;, 3.763 2.956 1.1289 I .8866 3.3379 

). 4.219 3.313 1.2656 .9"'" 3.5343 
4.701 3.692 1.4102 1.1075 3.7306 

). 6.208 4.091 1.5625 1.2272 3.9270 
5.742 4.610 1.7227 1.3530 4.1233 

!. 6.302 ... 50 1.8906 1.4849 4.3197 
6.888 5.410 2.0664 1.6230 4.5160 

t 7.500 6.800 2.2500 1.7671 4 .7124 
8.138 6.392 2.4414 1.9175 4 .9087 
8.802 6.913 '.6406 2.0739 5.1061 
9.492 7.455 2.8477 2.2365 5.3014 

! 10.21 8.018 3.0625 2.4053 5.4978 

Ii 10.95 8.601 3.2852 '.6302 5.6941 
11.72 9.204 3.5156 2.7612 5.8005 

II 12.51 9.828 3.7539 '.9483 6.0868 

I 20. 



CABNEGIIl, PH!PP~ 41 00 .. LDoIlTm), 

SQUARE AND ROUND BARS. 

(CO:-'"TINU IW.) 

fti·n.1 d~1 of I .. ,;pI 01 ~. .~. "'""'-or Di_1or .... 0 au O k 0 " of 0 .... 
I. III<ko.. I 0... loolloq:. OlIO '001 loDr. a It. i1IoMo. a lt·; ...... i.i ...... 

2 13.33 10.47 4.0000 3.1416 6.2832 

1 14.18 11.14 4.2539 3.3410 6.4796 
15.05 11.82 4.5156 3.64.66 6.6759 
15.95 12.53 4.7852 3.7583 6.8722 

J. 16.88 13.25 5.0625 3.9761 7.0686 
17.83 14.00 5.3477 4.2000 7.2649 ,. 18.80 14.77 5.6400 4.4301 7.4613 
19.80 15.55 5.94.14 4.6664 7.6576 

t 20.83 16.36 6.2500 4.9087 7.8540 
21.89 17.19 6.5664 5.1572 8.0503 
22.97 18.04 6.8906 6.4119 8.2467 
24.08 18.91 7.2227 6.6727 8.4420 

t:, I 26.21 19.80 7.6626 5.9396 8.6394 
26.37 20.71 7.9102 6.2126 8.8367 

I 27.55 21.64 8.2666 6.4918 9.0321 
1I 28.76 22.59 8.6289 6.7771 9.2284 

3 

I 
30.00 23.56 8.0000 7.0686 9.4248 

h 31.26 24.55 9.3789 7.3662 9.6211 

). 32.55 25.57 9.7656 7.6699 9.8175 
33.87 26.60 10.100 7.9798 10.014 

,t 36.21 27.65 10.563 8.2968 10.210 
36.58 28.73 10.973 8.6179 10.407 

,t 37.97 29.82 11.391 8.9462 10.600 
39.39 30.94 11.816 9.2606 10.799 

). 40.83 32.07 12.250 9.6211 10.996 
42.30 33.23 12.691 9.0078 11.192 

It 43.80 34.40 13.141 10.321 11.388 
45.33 35.60 13.598 10.680 11.585 

\' 
46.88 36.82 14.063 11.046 11.781 
48.46 38.05 14.536 11.416 11.977 
50.05 39.31 15.016 11.793 12.174 

1I 51.68 40.59 15.504 12.177 12.370 

.56 



CARNF.(;IF. Pii!T'~ '" CO., LIMIT!!lD. 

SQUARE AND ROUND BARS. 

(co:msulID.) 

" ... d~~ Voirkl ~r .... ' .. ~f am".r ....... ....... 0" 0 " 0'" .f 0 Bar 
1. 1 ...... hi rflO!. Jouc. Omo'oK Jnc. im",.~ ill ... ~ illi .... 

4. 53.33 41.89 16.000 12.666 12.566 

1 55.01 43.21 16.504. 12.962 12.763 
56.72 44.55 17.016 13.364 12.959 
58.45 45.91 17.535 13.772 13.165 

t 60.21 47.29 18.063 14.186 13.362 
61.1)9 48.69 18.598 14.607 13.548 

). 63.80 50.11 19.141 15.003 13.744 
65.64 51.55 19.691 15.466 13.941 

t 67.50 53.01 20.250 16.904. 14.137 
69.39 64.60 20.816 16.349 14.334 
71.30 66.00 21.391 16.800 14.530 
73.24 57.52 21.973 17.257 14.726 

! 75.21 59.07 22.563 17.721 14.923 

1 77.20 60.63 23.160 18.100 15.119 
79.22 62.22 23.766 18.665 15.315 
81.26 63.82 24.379 19.147 15.512 

5 83.33 65.45 25.000 19.635 15.708 
h 85.43 67.10 25.629 20.129 15.904. 

t 87.55 68.76 26.266 20.629 16.101 
89.70 70.45 26.910 21.135 16.297 

). 91.88 72.16 27.563 2 1.648 16.493 
94.08 73.89 28.223 22.166 16.690 

,t 96.30 75.64 28.891 22.691 16.886 
98.55 77.4f> 29.566 23.221 17.082 

,} 100.8 79.19 30.250 23.758 17.279 
100.1 81.00 30.941 24.301 17.476 
105.5 82.83 31.641 24.850 17.671 

II 107.8 84.6. 32.348 25.406 17.868 

I 110.2 86.56 33.063 25.967 18.064 
\I 112.6 88.45 33.785 26.535 18.261 
I 115.1 00.36 34.516 27.100 18.457 
tI 117.5 92.29 35.254 27.688 18.653 

257 



OARNl'Ofll 'IPl "00 L~TKD. , 

SQUARE AND ROUND BARS. 

(CO:;TISUED.) 

...... dk~ Y"'~t of 'N" .... """"'"'" • .- 0" 0 " 0" "0" ....... 0..'" loq'. 0.. loot l1li(. i .... moM.. i.D. It. ID.cIMo. iA iIIWL 

--
• 120.0 94.25 30.000 2S.274 lS.850 
n 122.5 96.22 36.754. 2S.seO 19.046 
I 126.1 9S.22 37.616 29.465 19.242 

n 127.0 100.2 38.285 30.069 10.439 

), 130.2 102.3 39.063 3O.0ao 19.035 
132.8 104.3 39.848 31.290 19.831 

). 135.6 106.4 40.641 31.919 20.028 
138.1 108.6 41.441 32.648 20.224 

,I. 140,8 110,0 42.260 33.183 20,420 
143.0 112.7 43.006 33,S24 20,017 

I 146.3 114,9 43.891 34.472 20.813 
tI 149.1 117,1 44.723 36.125 21.009 

A 161.9 119.3 46.663 35.785 21.206 
164.7 121.5 46.410 30.450 21.402 

I 167.0 123.7 47.206 37.122 21.598 
tI 160.4 126.0 48.129 37.800 21.795 

7 163.3 128.3 49.000 38.485 21.991 

'7 166.3 130.6 49.879 39.176 22.187 

I 
169.2 132.9 50.766 39.871 22.384 

n 172.2 135.2 51.660 40.574 22.680 

,t, 175.2 137.6 52.563 41.282 22.777 
178.2 140.0 53.478 41.997 22.973 

t 181.3 142.4 M.391 42.718 23.169 
n 18H 144.8 55.316 43.445 23.360 

I 187.5 147.3 66.250 44.179 23.562 

! 190.6 149.7 67.191 44.918 23.758 
193.8 152.2 68.141 ~.664 23.956 , 
197.0 154.7 59.098 40.415 24.151 

I 200.2 157.2 60.003 47.173 24.847 
tI 203.5 169.8 61.035 47.937 24.544 
I 206.7 162.4 62.010 48.707 24.740 
tI 210.0 164.9 63.004 49.'" 24.936 

258 .. 



OARNEOIJ!:. PlUPPB & 00., LIWTBD. 

SQUARE AND ROUND BARS. 

(CO:-ITINUI!.D. ) 

r\lcn- I crt ot Woiptot "". ... . ......... 
... DUM au 0'" 0 '" 0" " 0 " 
t..1 ....... OIIO'a Ioq'. OlIO roOl Loaf. i .... w.... ia ... iAoMo. iaiAoMo. 

8 213.3 167.6 64.000 50.265 25.133 
h 216.7 170.2 65.()()4 51.064 25.329 
I 220.1 172.8 66.016 51.849 25.525 
h 223.5 175.6 67.035 52.649 25.722 

+ 
226.9 178.2 68.063 63.456 25.918 
230.3 lSO.9 69.098 64.269 26.114 
233.8 183.6 70.141 55.088 26.311 

i, 237.3 186,4 71.191 65.914 26.507 

1 240.8 189.2 72.260 66,745 26.704 

h 
244.4 191.9 73.316 67.683 26.900 
248.0 194.8 74.391 68.426 27.096 
251.6 197.6 75.473 69.276 27.293 

I 265.2 200.4 76.663 60.132 27.489 
tI 258.9 203.3 77.660 60.994 27.685 

II 262.0 206.2 78.766 61.862 27.882 
266.3 209.1 79,879 62.737 28.078 

8 270.0 212.1 81.000 63.617 28.274 
h 273.8 216.0 82.129 64.604 28.471 
I 277.6 218.0 83.266 66.397 28.667 
h 281.4 221.0 MAIO 66.296 28.863 

). 285.2 224.0 86.663 67.201 29.060 
289.1 227.0 86.723 68.112 29.256 

J. 293.0 230.1 87.891 69.029 29.452 
200.9 233.2 89.066 69.953 29.649 

). I 300.8 236.3 90.250 70.882 29.846 , 
304.8 239.4 91.441 71.818 30.041 

I 308.8 242.6 92.641 72.760 30.238 
II 312.8 246.7 93.848 73.708 30._ 
I 316.9 248 .• 95.063 74.662 30.631 
1.1 321.0 252.1 96.285 75.622 30.827 

{I I 
326.1 266.3 97.616 76.689 31.023 
329.2 268.6 98.7M 77.661 31.220 .,. 



OA. .. '. ,to'!!. PHlP?6 & 00. Ll '" 
SQUARE AND ROUND BARB. 

( CO:-'TINUIID.) 

""'-I [f" Yoipl ll .... .... ....,... .- .. 0 " 0 " 0" of 0 .... 
I. beM. ... 1M J.(. ho1MJo.c. m ... mM. it. ... i..- i i i ..... 

--
10 333.3 261.8 100.00 78.M<> 31.416 

1 337.15 265.1 101.26 79.525 31.612 
341.7 268.4 102.152 SO.516 31.809 
346.0 271.7 103.79 81.1513 32.005 

). 31SO.2 275.1 105.00 82.516 32.201 
3 .... 278.4 100.315 83.15215 32.398 

J. 3M.8 281.8 107.64 ..... 1 32.694 
363.1 286.' 108.94 86.562 32.790 

1 367.6 288.6 110.26 86.590 32.987 
371.9 29!U 111.57 87.624 33.183 
376.3 2915.5 112.89 88 .... 33.379 

tI 3SO.7 200.0 114.22 89.710 33.576 

I:' 
385.2 302.' 1115.56 90.763 33.772 
389.7 300.1 116.91 91.821 33.968 
394.2 309.6 118.27 92.886 34.166 

II 398.8 

I 
313.2 119.63 93.956 34.361 

11 403.3 316.S 121.00 95.033 34.658 

1 407 .• 320.4 122.38 96.116 34.764 
412.6 324.0 123.77 97.205 34.950 
417.2 I 327.7 125.16 98.301 35.147 

t 
421.9 331.3 128.66 99.402 36.343 
426.6 335.0 127.97 100.61 35.539 
431.3 339.7 129.39 101.62 35.736 
436.1 342.' 130.82 102.74 35.932 

i: 
440.8 346.2 132.26 103.87 36.128 ..... 360.0 133.69 lot1.oo 36.325 
460.15 353.8 135.14 100.14, 36.521 
455.3 357.6 136.00 107.28 36.717 , 460.2 361.4 138.00 108.43 36.914 

II 465.1 365.3 139.64 109.69 37.110 

I. 470.1 369.2 141.02 110.75 37.306 
475.0 373.1 142,50 111.92 37.503 

"'" 



CARNEGIE. PHIPPS &: 00 .. 1,lllITED. 

WEIGHT OF RIVETS, and ROUND HEADED 
BOLTS WITHOUT NUTS, PER 100. 

Length trcm under head. On~ cubie foot weighWg .so 1b6.. 
--= 7~/I If if 11<" ']11 1 111 I 1~ 1/ I Hi" 

Do. ,. 11.. Dm. D~. D~. D~. D~ -------- -
'); ••• 12.6 21.5 28.7 43.1 65.' 91.5 '28. 
' )0 62 13.9 23.7 31.8 47.3 70.7 " .• , ... 
'k 6.9 15.S 25.8 ".9 51.4 76.2 '05. 14' • 7.7 16.6 27.' 87.9 " .• 81.6 tl2. '50. 
'); 8.' 18.0 ".0 41.0 59.8 87.' tl9. '59. 
')0 .. 19.4 33.' 44.1 63.0 92.5 12 •• '67. 
'k 10.0 ".7 " .• 47.1 "., 92.0 '33. ,,. 
• 10.8 22.1 " .• ",. 12.' '03. 140. '''. 
8k ,1> 23> 88.6 59.S 76.5 '09. 147. 198. 
Sji 12.S ".8 40.7 " .• 0).7 114. '''. " .. Sk 13.1 25.' 42.8 59.4 ".8 '20. 161. 210. • ,,. 27.5 " .0 .,. ".0 '25. '67. 218. 

. Ji 14.6 28.' 47.1 65.6 93.2 t31. m. 227. 
'ji 15.4 SO.S <9. ".6 97.' IS'. t81. 236. 
'k 16.2 31.6 51.4 71.7 '02. 142. '88. " •. • 16.9 33.0 63> 74.8 '06. t47. '95. 253. 

:~ 17.7 " .• 56.' 77.8 ItO. '59. '02. 251. 
18.4 35.7 57.7 0).' W. '08. "'. 270. 

' k t9.2 87.' 59.9 ".0 118. '63. ". 218. • 20.0 38.5 62.0 87.0 '22. '59. m. "'. 
6ji 21.5 '12 55.S 93.2 131. '0). .". SO .. 
7 23.0 43.9 7" 99.S '39. 191. 250. 32 .. 
7)0 ".6 46.6 74.8 106. 147. 2<12. '''. S38. • 26.1 49.4 73.0 112. 156. 213. 278. 355. 

')0 27.6 52.1 83.' ,ta '''. m 292. m. 
9 29.' ".8 87.6 '''. 173. "'. "". "'. 9)0 OJ.7 57.6 91.8 ISO. 181. "5. 819. .06. 

to 322 60.' 99.1 '''. 189. '56. 333. .". 
to)O 53.8 63.0 101. 142. ,"- '67. " 7. «0. 
11 85.' 65.7 105. 14< 206. 278. 361. .". 11)0 ".8 ".5 109. 155. 214. "'. 87 •. m. 
12 88.' 71.2 113. 161. m. OO. 328. 491. 

Hu. I.. '.7 10.9 13.4 1'2.2 38.0 57.0 32.0 .., 



CAR'll" UPl- & 00., l.lMITIID. 

WEIGHT OF 100 BOLTS WITH SQUARE 
HEADS AND NUTS. 

-
~k DUII'!IR 0' BGUs. 

.... 
fill. /~iD. •. in. , 10 poi:L i, in. lill. tin. tin. .. in. I ill . - --~ ... , .. '0. '0. '0. , .. , .. , .. 

:ii ••• 7.0 11).1> 15.il '" W., "" ...... - ... -•• " 11 .3 IG8 23.8 41.8 00., i09:o , ' .S S, 120 i7A 25.~ ".S 00' '" ill 6.~ "' 12.8 IS.5 26.5 ,.., 7"10 1111.8 ,,. 
••• ,., 13.6 19.6 ~.S "., 7/;.0 111.6 17 1 
'.S 11.1. 11,$ "'. , "'., 00.' 78.0 Jill,S ". " '.S '" 15 I) 21.8 00. M.' 11i .0 1:.'6.11 I~; 

.~ " 11.0 16.5 ill.O "" M.' '" 1'\-1,8 ,., , '.S H, IS,I) "" "'. OO .S 0.., 142 .6 "" :~ 8.5 1~.0 19,5 " ... "' .. &;0 "., 1 .... 10 "S ,. 14.0 :li 0 ." U,l 00.' 1(» 2 100,6 2"211 

.~ 100 '" "' .. "., '" 7:1 .5 ilLS 16110 '" • 10.8 16.0 21.0 $5.0 46.4 77 .8 1I1.S 176 .6 Z';I 

l" 251> "., '" '" I~H 1&;.0 "" 27 .0 ,. . 51.1 SU 1"'9,( 1\111 . 7 273 
~}O ... ~. 41.8 M.' .,. 13.;.0 2012 I) '" ... ...... 00.' 43 .S ro.' " .. HUi 210.7 m , ..... ...... 46.0 IH.9 loo.a 163.6 2:..'7.8 '" " 

,., 70.2 Il1.S 165.7 2"JI.S .. 
" "'., 75,6 12l),S 177.8 2619 ".. 

" ...... '" m.' 1238 189.9 278.9 '" " " ... .... OJ.> 137.8 ro'J 0 l.'OO.O '" " .... 111.4 1151:1 214.1 8180 "" " ...... 00.' 154.8 2l6.2 8,..,. 1 '" " ...... ...... 102 0 162.8 ZI>l.8 3-17 . 1 47\1 

" ...... 107,~ liLO 2iOA 00.., '" " lIZ.S 1i\l,5 .... 881.2 ." " .... .. 1179 ISS.O ZH.7 lIOi.3 ... 
'" ...... ...... IZl.2 

~ :.wl . 8 41f,.S .. ~ 
Pe. ill' U " .. , " ••• ., 

12.8 16.7 ~18 adoliu-J -
WEIGHTS OF NUTS AND BOLT-HEADS, IN 

POUNDS. 
For calculating the Weight or Longer Bolt!!. 

-
~.~,. ~"",,- Li Yo ~ ~ " " ;~ 

WeIgh. or Huq:on Nu. 

I 
-

and Head. . ... 01, .0;;; .12S '" I "I ~ W~lgb. Qr Squ.o.., Nut and 

'" .161 Hcad. .. . ......... .. "" ~; Llio:Mtt. or &n j~ lIIelo1. , IJ{ 'Yo IV. , 
-_. 

g 76' 171-: 
Weight of Hexagon Nu 

2.14 , .. and Hcad .................... 1.10 3.78 
W.i~bt or Squar<: N'u. and 

2 00 Head . ......... un ~ . ~2 " 106 21 86 4 

262 



OARNEOIE, PHIPP8 &: 00 .. LlMITIID. 

SIZES AND WEIGHTS OF HOT PRESSED 
SQUARE NUTS. 

rw •• on'" -.I ~,"'IM tn&klia [ ... 11110 ......... JoIl nifl..'" 
.... onwlMuImMI l l1. no~lIon ooblalM,_."lMwop. .. II1L 

.. ot .""" of 
~1 ...!!!..!·iII _ 

-::t nm. I .... ot I Dwr-L , ... oll." ia 
__ ollhl..~. _ IMI .. 

U 1.' 

ft 
U )( .71 8800 

~ I 
2 .• 

~ ~ .BB 3480 
4 .• 1.00 2060 

i. 7.7 1I i' J~ 1." 1290 
Jt B.6 t. " y. 1. .. 1170 
Jt U.8 i. Jt 1 1.41 850 

S 
10.7 )( jz '" 1.59 600 
17.7 i 1', !.li9 670 
22.8 Ji 1)4 1.77 «0 

11 32.3 'I " n, 1. .. 310 
" 

~ 39.8 

It ' I 11.; 2.12 261 ,. '3. J> '" 2.30 190 , 
63. , . , 

1~ 2.47 16. 
" " 

1 OB. Y. 1 1~ 2.47 140 
1 94. II 1 2 2.83 108 
1 " 103. 1), 2 2.83 97 
1 1, 137. 1)1 2U 3.18 73 

1~ 145. Ii. l U 2U 3.18 69 
I li 186. In Iii 2)( 3.64 6. 
1" 247. In u, 2' .. 3.89 41 , 
I Jt 319. In 1)( 3 .... 31.3 
1" 490. Ii. 1" g~ 4.60 24.B 
H. 600. UI '~ 4.96 19.9 
1" 020. I' 3~" 6.30 10.2 " 
2 750. 'tt 2 • . ... 13.4 
' J> 760. lA 2J> • 6.00 12.8 ." .30. 2 2U 'U 6.01 10.7 

' Yo 960. 2J> 2Yo :~ 6.01 10.4 
• Jt 1130. ." 2~ 6.36 B .• 
'U 1370. 2i. 2~ 4'. I 6.72 ,7.3 

3 1610. 

~U 
3 • 7.07 0.2 

~~ 
2110. 3U ' )( 7.78 4.7 
2760. 3)( 8 8.49 3 .8 

- I-
'" 



CARNEGIE, PHIPPS It CQ" LIlollTED, 

SIZES AND WEIGHTS OF HOT PRESSED 
HEXAGON NUTS. 

Ii ... f '/i'ml • f ~. ru ... ... ,,:I.. I ... I.~II In .. " 100 ~ ... .rh~ Oi.-, 1001\10. 

)< 1.3 I. )< 

~ 
.58 8000 

)1 
2.4 n J1 .72 4170 
4.1 .87 2410 

I. 8.8 I. " 1.01 1480 
/0 

Ji 7.1 

~ 
Ji ?, 1.01 1410 

Ji 9.8 Ji 1 1.15 1020 

I. 140 n 1" 1.30 710 ., 

~ 
14.7 n 

U 
118 1.30 680 

19.1 ::: 1)< 1.44 520 

" 
22.9 1)< 1.44 440 

l, 27.2 

II 
l, 1)1 1.59 370 

~4 39. J' Hi 1.73 258 
), 44. " 1% 1.88 228 

50. " 198 )i 1 '" 1.88 

1 57. )i 1 1% 2.02 176 
1 64. )i 116 U4 2.02 156 11, 96. II 1)< 2 2.31 104 

Il l' 1 ... In u, 2)< 2.60 75 1], IBO. In 1', 2Ji 2,89 56 
I ~f" 235. In '" 2 " 3,18 42 .. 
1% 300. II. I V 3 3.46 33.4 
1" 370. in IY. 3)< 3.75 26.7 ., 
I;i 460. 2 3Ji 4.04 21.5 

2 450. 'I' 2 3" 4.04 22.4 
2J> 560. 2!6 3" 433 IS.O l Yo " 2)< 560. 2 2)< 3~4 433 17.7 

2)1 680. 2% 2;; 4 4.62 14.7 

2" 810. 2)< 2 " 4~{ 4.91 12.3 
2% 980. 21. 2,t 4" 5,20 10.2 , 



CARNEQW. PHlPPS & OO~ LDUTBD. 

UPSET SCREW ENDS FOR ROUND AND 
SQUARE BARS. 

Standard Proportions or th& K&ysion& Bridg1! Com!l8.DY. 
-- --.... ROUND BARS . SQUARE BARS. ...... -

ald •• f .... .... I._ of .... D, ... f .... 
lloeIi" II""" •• 

~~ 
,,.. Icro ... , ""'" .... ~ ..... ...... ._-.... "". .. ,,.. ....... ... ., "" ... ....... ... .. .. ...... •• ... .... . .. , .... ..... " .... ~ ... .... , .... _ ... 

~ ... " 
)0 )< .62' \0 54 ~ 

.600 \0 21 
I. )< .600 \0 21 .7S1 9 " U Yo .7S1 9 " I "" 8 " I .837 8 " I "" 8 17 

'Ii I "" 8 " 1)0 .94' , 23 
If 1)0 .94' , 

" IYo 1.006 , 35 

Yo lYo 1.006 , 
" IV, 1.160 6 " 'I lYo 1.065 , 
" IV, 1.160 • 211 

I IV, 1.160 6 35 IJ( "'I" 6 " It. Us 1.160 6 !9 1)< 1.389 6), 
" 1)0 1)0 1.284 6 30 1)< 1.389 6J( .. 

I I. 1)0 12" • 17 1% U90 6 " IYo 1% 1.389 OJ( " IYo 1.615 0 " It. 1'Ii U90 0 " lYe 1.615 0 Ii 
111( 1% 1.490 5 18 , 1.712 4), 22 
It. lYe 1.615 0 " ')0 """ ')0 " 1% , 1.712 ')0 30 2l, 1.887 · " 

18 
In , 1.712 .)0 20 274 I. .. ')0 " 1% ~ 1.837 ' J( " 211( ... 187 '" 30 
Iii 1.287 ' 1> 18 '11( ... 187 ' 1> .. 
1'Ii 'Yo I." H, 20 21> 2.175 • 21 
Ilf 'Yo I." ')0 17 211( 2.300 • 20 

1Jj\ '11( ' .087 ' )0 ,. 
2/§ 2.300 • 18 

III ')0 !.I75 • 20 2" 2.425 • " , ')0 2.175 • 18 2Jj\ 2.05<1 • " 2{, '11( '.300 • .. 'Yo 2.05<1 • 20 

<;> I ~~ ~. 300 • 17 , 2.629 ')I '" 2h ''Ii I 2.42' I , " 3)1 2.7M ')0 " I , 
266 



F. -
CA PHIPPS &I 00 .. LlMITKD. 

UPSET SCREW E N DS. 

(CONTINUED.) 

--- -

... " ROUND BARS. SQUARE BARS • ..... 
Di.&. of I Sidt of .... .... " DiuI' '"" 

..... 
' .... ..... ""'" ..... ,,., ..... ...... 1t0di .. 

~- ~" ~" ... .... ~of per loa. ....... .... .. ," .. , ... ....... .... ..... ... .... ...... ... , ... .... , .... .... Jar • " ... ID< • 
.... ..... ..... .. ... / . 

- - ---- - - -- --------2l, 2Ji' 2.550 • 28 ". 2.'" 8), 18 .,., 2Ji ' .550 • " 3)i 2.879 'J> " 2Yo 3 , . ." ". 23 3~8 •. ,.. ' )1 " .,., ')1 2.704 ')1 28 3), •. ,.. 'J> 19 

')I ')1 ,.,.. 8J> 21 '" S.I00 8J1 21 .,., 8ii 2.879 8)1 " 3% 8.225 , , " 2Yo 8ii 2.879 8)1 20 ',\ 8"" 9), \9 

2tl 'Yo 8.'" 8J> 25 3)4 3.817 8 20 

2,. 'Yo 3,I)G4, I 3)1 \9 3% 8.«2 8 23 
'II ')1 8.100 3ii " 3% ..... 8 18 

2.% 'Yo • .22.1 8ii 26 • 8.567 , 21 

'II 3Yo .-'" 37.1' 21 ·i' .... 8 " 8 3)( 3.317 • 22 ". 8.6\12 , \9 

' )1 lira 3.«2 • 21 ' % '.923 2% " 9), • 3.567 8 20 ')1 .... 2,. 21 
8Yo ')1 '.6\12 , 211 ' Yo 4..153 2,. \9 

' )1 'Ii 8.m 2% 18 
'% 'J> .. 1l28 2,.. 23 

3)~ '% 4..153 2~ 23 

I 3Ya .f.)~ .'" 2 • 21 . 
REl{ARQ._,o\. u~tt.h." reduceo t~ At"'''IIth of 1m". b&ra 

blvll1ll tbe I&III~ dlameur ot rool 01' thread .. that of U:.e .... In-
TIorlably break h. the ":l"6w eDd, when !elite<! to deoolrncUOD, withD"~ 
developing the tuJl Itzenatb Of tbe boo... u II Ib~..,(o .... neena..,. to 
rnUa up tor thIs 10M III otreuKtb by IU e:u:e •• of metal III the upeet 
ocr •• end. over t hot In the hal". 

The 100..8 table II the raul! of n umerOUI teat. MI IIDJ.b6d bani 
made at the IItJUo". BrLdlJ'l t:ompan,'a W" . h h> P1 tl.lbullIh, .... d gh~a 
PI'OJKlrtlona tba, will .,.". .. the bAr to b_1I In the bod:r In pref .. rellCfl 
to the upo.et end. 

Tb .. at ..... tbre.da In abo ... tabla a~ 1M F'ruIldln IndUu t" .l.IDdard . 
To make ou. u~t ~nd for ~I length of tb,..,ad illlo'Ir &It leU¥th of 

r<>d ""dillonai. 

26. 



CARNKOlZ. PBlPP8 & 00 .. 1 .. 1MITl!:D. 

STANDARD SCREW THBEADSJ, N:¥TS AND 
BOLT HEADS.-Recocmeuded. J.ylht nawiD lnsIibi~ 

SCREW THREADS. 

J( .186 20 

~ 
.240 18 
.294 16 .... 10 

~ .400 13 

~ 
.... 12 
.007 11 
.620 10 
.731 • 1 .887 8 

1~ .940 7 
1>( 1.066 7 
1% 1.100 6 

~~ 
1.284 6 I.'" .~ 
1.<80 • U, 1.615 • 

2 1.712 O~ 
2J( 1.962 O~ 
2~ 2.1715 • 2,.- 2.42. 0 
3 2.629 3~ 
3J( 2.879 3~ 
3~ 3.100 3J( 
3% 3.317 3 
0 

l~ 4}, 

Nut. and Bolt Heads 
the M· 

I<~:::~ ~:~:.' ~:::~~':!,PPI" to If Nat. 

no 

rough Dtlt 
.,. 

orbol~ + 1.1&ID. 

dla.orboll + ~tD. 
or lint,heel b"" 

abo ... It&Ddardl ,~ 

thrMd .. nllta aDd boLt 

1ta.n<.lar4 ror 

'" .. , 
h,. the 

to =a&l t.t:e 



OARI D. 

WHITWORTH'S STANDARD ANGULAR 
SOREW THREADS. 

}( 

~ 
i. 

g 

i 
I 
I }i 

I}( 
Iii 
IYo 
IJI 
1)( 
Iii , 
' J> 

Angle of thread SS G. 
Depth of thread _ pitch 

ofK1'ew. 
}t. of df'l'lh il rounded off 
top and bottom. '"""":o<j, __ threadi ... J{ the nUDl· 

I , • I~i '}( 'Ii I, ,~ ' Ii Iii .,( 2){ 

I' I ~ , 3 '" II Iii , 
' }( S;'; 

10 I}( 5 .~ '}( , Iii '" ')( 3 

STANDARD 
As lIWluOietured bylbe 

------:1-



OARNEGIE, PHIPPS &; CO., LIMITED . . 

STANDARD PIN-NUTS. 
As manufactured by the Keystone Bridge Co. 

PINS. PIN-NUTS. PINS. PIN-NUTS. 

1 ~ 1,l( 8 2,l( 2,U ~ 0.85 3~ 3,l( 6 5 5j( 1,l( 4.74 
2,Ji 1Yz 8 2Yz 2~ H 1.03 4,Ji 3X 6 5Yz 6Ys 1,l( 6.19 

2,l( 1,U 8 2Yz 2~ 1 
2Ys 1j( 8 3 3Yz 1 

2Yz 1~ 8 3 3Vz 1 
2,U 2 8 3 }~ 4 1 

0.97 4Ys 3Yz 6 5Yz 6Ys 1,l( 6.19 
1.50 4,U 3j( 6 5 Yz 6Ys 1,l( 5.37 

1.37 4~ 4 
2.06 5,Ji 4 

6 6 6H 1,l( 6.63 
6 6 6H 1X 6.63 

2j( 2,Ji 8 3Yz 4 1 1.96 5Ys 4;.( 6 6 6M 1}{ 5.82 
2,% 2,l( 8 4 4,U 1,l( 3.38 5,U 4Yz 6 6j( 7H 1,l( 8.53 

3 2Ys 8 4 4,U 1,l( 3.22 5~ 4j( 6 6j( 7H 1,l( 7.59 
3,Ji 2Yz 8 4,l( 4~ 1,l( 3.63 6,Ji 4j( 6 6j( 7H 1,l( 7.59 

3,l( '2,U 8 4,l( 4~ 1,l( 3.41 6Ys 5 6 8 9,l( 13( 13.06 
3Ys 2j( 6 4Yz 51

3"[ 1,l( 4.09 6,U 5,l( 6 8 9,l( 1,Vz 14.86 

3Yz 2~ 6 4j( 5Yz 1,l( 4.63 6~ 5Yz 6 8 9,l( 1Yz 14.00 
3,U 3 6 5 5j( 1,l( 5.25 i ,Ji 5}.( 6 8 9,l( 1.Vz 13.10 

All dimensions given above are in inches. Weights refer to untapped nuts. 

WOOD SCREWS. 
Diamete=numberX 0.01325+0.056. 

No. Diam. No. Diam. No. Diam. No. »iam. No. Diom. 
-----1- -- ---1---1------

o .056 6 .135 12 .215 18 
1 .069 7 .149 13 .228 19 

2 .082 8 .162 14 .241 20 
3 .096 9 .175 15 .255 21 

4 .109 10 .188 16 .268 22 
5 .122 11 .201 17 .281 23 

.293 24 .374 

.308 25 .387 

.321 26 
.334 27 

.347 28 

.361 29 
30 

.401 

.1 4 

.427 

.453 

.44Q I 
-+~---------2-6-9----------~ 

1-



OARNEGIE, PHIPPS & CO., LIMITED. 

SPIKES, NAILS AND TACKS . 
. - -

STAnARD srEEL WIRE NAILS. 
STEEL WIRE SPIKES. COMMON IRON NAILS. 

!f ,;j Common. Finishing. .. 
Diam. No. per Diam. No. per Diam. No. pe ;Z; ~ Length. Size. Length. No. per 

Inches. pound. inches. pound. inches. ~. lb. 

2d 1/1 .0524 1060 .0453 1558 3/1 .1620 41 2d 1" 800 
3d 1)(" .0588 640 .0508 913 3~" .1819 30 3d 1'/11 400 /+ 
4d lX" .0720 380 .0508 761 4/1 .2043 23 4d 1~" 300 
6d IJlII .0764 275 .0571 500 4VzII .2294 17 5d l U " 200 
6d 2/1 .0808 210 .0641 350 5/1 .2576 13 6d 2/1 150 
7d 2)(" .0858 160 .0641 315 5~" .2893 11 7d 2)(" 120 
8d 2VzII .0935 115 .0720 214 6" .2893 10 8d 21LII 85 / 2 

9d 2U" .0963 93 .0720 195 6~" .2249 7~ 9d 2U " 75 
10d 3" .1082 77 .0808 137 7" .2249 7 10d 3/1 60 
12d 3)(" .1144 60 .0808 127 8/1 .3648 6 12d 3)(" 50 
16d 3~" .1285 48 .0907 90 9/1 .3648 4~ 16d 3~" 40 
20d 4" .1620 31 .1019 62 20d 4" 20 
SOd 4~" .1819 22 30d 4~" 16 
40d 5" .2043 17 40d 5" 14 
SOd 5~" .2294 13 50d 5~" 11 
\lOd 6" .2576 11 60rt 6" 8 

TACKS. 

Title. Length. Number Title. Length. Number Title. Length. Number 
oz. in. per pound. oz. in. per pound. oz. in. per pound. 

- - ----- - - ----- - - -- - -
1 Ys 16000 4 lr; 4000 14 H 1143 
1~ r'r; 10666 6 tl 2666 16 ~ tOOO 
2 )( 8000 8 2000 18 

1H 
888 

2~ Ps 
6400 10 tl 1600 20 800 

3 5333 12 1333 22 ly 727 
24 l}I 666 

WROUGHT SPIKES. 
Number to & keg of 150 lbs. 

Length. 1-4 inch. 5-16inoh. 3-S inoh. [Length. 1-4 inch. 5-16inoh, a-SinChf"16inOh' 1-2 inch 
n. No. No. No. lB. No. No. No. No. No. 

f---- 1-----
S 2250 7 1161 662 482 445 306 
3~ 1890 1208 8 635 455 384 256 
4 1650 1135 9 673 424 300 240 
4~ 1464 1064 10 391 270 002 
5 1380 930 742. 11 249 203 
IS 1292 868 570 'f! 2gS 180 

270 
"-



___ L 
0) 'N co D. 

WEIGHT OF SHEETS OF WROUGHT IRON, 
STEEL, COPPER AND BRASS. (From Haswell. ) 

Weighla pel'Square rool Tbickoeu hy Bi1'miII(lwn Gallp. ..... ~.. I I ~ II I...... Iron. Ste&L Copper. Blaa 

0000 .454 18.22 18.46 20.67 19.48 
000 .426 17.05 17.28 19.25 18.19 
00 .38 16.25 15.45 17.21 16.26 
o .34 13.64 13.82 15.4.0 14.65 
1 .3 12.04 12.20 13.59 12.64 
2 .284 11.40 lUiS 12.S7 12.16 
3 .259 10.39 10.53 11.73 1l.09 
4 .238 9.55 9.68 10.78 10.19 
5 .22 8.63 8.95 9.97 9.42 
6 .203 8.15 8.25 9.20 8.69 
7 .18 7.22 7.32 B.15 7.70 
B .165 6.62 6.71 7.47 7.06 
9 .148 5.94 6.02 6.70 6.33 

10 .IM 6.38 5.45 0.07 5.74 
11 .12 4 .82 4.88 5.44 5.14 
12 .109 4.37 4.43 4.94 4.67 
13 .095 3.S1 3.se 4.30 4.07 
14 .083 3.33 3.37 3.76 3.65 
16 .072 2.89 2.93 3.26 3.08 
16 .065 2.61 2.64 2.94 2.78 
17 .058 2.33 2.36 2.63 2.48 
18 .049 1.97 1.99 2.22 2.10 
19 .042 1.69 1.71 1.90 1.80 
20 .035 1.40 1.42 1.59 1.60 
21 .032 1.28 1.30 1.45 1.37 
22 .028 1.12 1.14 1.27 1.20 
23 .025 1.00 1.02 1.13 1.07 
24 .022 .883 .895 1.00 .942 
25.02 .803 .813 .006 .856 
26 .018 .722 .732 .815 .770 
27 .016 .642 .6tn .725 .686 
28 .014 .562 .569 .634 .599 
29 .013 .522 .529 .589 .556 
30 .012 .482 .488 .544 .514 
31.01 .401 .407 .453 .428 
32 .009 .361 .366 .408 .385 
33 .008 .321 .325 .362 .342 
34 .007 .281 .285 .317 .300 

_ 35 _ .006 .201 .203 .227 .214 

&ecilie Gra.vity, I 7.704 1 7.806 1 8.698 1 8.218 
Weight ORbit J'oo~ 48\,,25 487.75 543.6 613.6 

" .. Inch, .2787 .2823 .3148 .2972 ., 



,-
01 RNI··, , , '&00. .n. 

WEIGHT OF SHEETS OF WROUGHT IRON, 
STEEL, COPPER AND BRASS. (From Haswell.) 
Weitbta per Sq. Fool. ThiekDtIIII lIy American (BrowDe& Sharpe', ) Gagp. 
- ... ~-n;.k_ 1ro S I Co B ~ II. i...... II. tee . pper. rasa. 

0000 .46 18.46 18.70 20.84 19.69 
• 000 .4096 16.44 16.66 18.66 17.53 

00 .3648 14.64 14.83 16.63 15.61 
0 .3249 13.04 13.21 14.72 13.90 
1 .2893 11.61 11.76 13.11 12.38 
2 .2576 10.34 10.48 11.67 11.03 
3 .2294 9.21 9.33 10.39 9.82 • .2043 8.20 B.31 9.26 8.74 

• .1819 7.30 7.40 8.24 7.79 
6 .1620 6.60 0.69 7.34 6.93 
7 .1443 5.79 6.87 6.04 6,18 
8 .1285 5.16 5.22 5.82 '.00 • .1144 4.59 4.65 5.18 4.00 

10 .1019 4.09 4.14 4.62 4.36 
11 .0907 3.64 3.69 4.11 3.88 
12 .0808 3.24 3.29 3.66 3." 
13 .0720 2.89 2.93 3.26 3.08 
1. .0041 2.57 2.61 2.00 2.74 
16 .0571 2.29 2.32 2.69 2.44 
16 .0508 2.04 2.07 2.30 2.18 
17 .0463 1.82 1.84 2.00 1." 
18 .0403 1.62 1.64 1.83 1.73 
1. .0359 1.44 1.46 1.68 1.04 
20 .0320 1.28 1.30 1.40 1.37 
21 .0280 1.14 1.16 1.29 1.22 
22 .0263 1.02 1.03 1.15 1.08 
23 .0226 .908 .918 1.02 .... 
24 .0201 . 907 .817 .911 .880 
2. .0179 .718 .728 .811 .766 
26 .0169 .640 .... .722 .682 
27 .0142 .570 .577 .643 .608 
28 .0126 .007 .514- .573 .641 
2. .0113 .462 .458 .510 .482 
30 .0100 .402 . 408 .... .42. 
31 .008. .368 .363 .404 .M2 , 32 .0060 .319 .323 .360 .340 
33 .0071 .284 .288 .321 .303 
34 .008. .253 .256 .286 .270 
3. .005. .225 . 228 .... .240 

it IMro "'" """1 ::'ti i~ -.ihUr 1I'11III eodo tIM, oM ..... 1110 ~ of l oertaim apociW pa.,r.: .. B~w.. on IlOl __ Ik ... blo.u .... ar-. .... 
or<Ionf"" ..u.c. . Yin~ 01"'1'11110 !io1,..;p.1 pot OI{UI'I OG~orlk ~ 
in tMuuoIlb of u ,w. 

l - - . 

" I 



WROUGHT IRON WELDED STEAM, GAS AND WATER PIP!!!. 
Table or SIaDdard DimeuioDa, u DWlUflctmd liZ KatioAal Tulle Work! lmI~r I 1 ___ ' L I "' ....... OWL I ~'1~;r~-0iI ...... C ..... I 
I " kl- _ t _ t . 1 . ~ PiJo- ........... -... 

0 • • ... ... .108 1.600 1.1-44 m .1041 .1201.9 7.1l7li 10.49 1"'-' ... !8 ! 
.675 .• " .091 2.121 1.652 .3.\8 .1917 .1603 6.667 7." 761.2 '" !8 Ii .8< .623 .109 2.689 1.957 .OM .30<, '''' 4.W7 .13 472.4 .837 I< 

1.05 "'" .113 S.", ... 9 .866 .5333 .8327 S . .., '.635 27'. 1.116 " ~ "I ' 1.315 1.048 .13< 4.131 3.'" 1.3.\8 .8626 .• OS< .... 3.646 166.9 1.008 11)~ 
;j 1,( 1.66 1.38 .1< 6.215 ..... "2.164 1.496 .008 2.301 <766 ,.." ..... II!> • 

I " 1.9 1.611 .145 6.'" 5.001 2.635 '.038 .7'1/ 2.01 .. " 70.66 2.678 ll ii • ," '.376 "., .15< 7.461 6.49-1 ".43 8.3[.6 1.074 I." U"' -42.91 .... II!> " 2y' . ." "" .!114 '.982 7.753 .. " U84 1.7<11 I.'" 1 .. 7 30.1 6.'" , 
~ • .. 3.007 '" 10.996 '.635 9.621 7.388 .... , 1.091 I .... 19> , ... , 

3)~ •• .... .... " ... 11.146 12.566 '.1187 !On .90S 1.077 IU7 9.001 , g • ... <11,' m 14.137 12.k8 " .. 12.73 3.m .. , ... , 11.31 10.6f.Ii 6 
4)$ • <608 ... 6 15.7<11 1".162 19.6a5 15.961 "" .'" ... 9.~2 1!.84 6 g 6 6.'" 6 "" 

.." 17.471 16.849 """ 19.99 ".3t6 .687 .'" " l4..Ii02 6 
.62S 6.065 ... 20813 19.064 34.<472 "'''' ... 8< >77 .63 ".!IS 1S-7C! 8 
'.62S '.m .'" " .... ".1J63 " ... ... '" "" >01 .... 3." 2lI.f71 6 .625 '.982 .322 27.096 21Hl?6 ".26 LO.04 .'" ... , .. " .. 8 "'117 8 
9.626 .,,, .34<4 80.238 "''''' 72.76 ''''' 10" ]97 .m '" 83.701 8 

10.75 10-019 .866 ".m 31.477 90.763 78.839 1 1.924 "" .382 , 1.82 40.066 8 



~~-----------------+ 
CABNEOIB:, PHIPPS ".. 00" LIICT1ID. 

WEIGHT OF A CUBIO FOOT OF SUB
STANOES. 

Nuns OF SuBSTANCES. 

Ah,minum, 
Anlhncite, solid, of Pennsylvania, 

" broken, loose, 
" moderately ,baken, 

heoped bushel, loose, 
Alh, Amerkan white, dry, 
Asphaltum, 
Brau, (Copper and Zinc,) C&${, 

.. rolled, 
Brick, best prased, 

" common hanl, 
" $OR, inferior, 

Brickwork, preued brick, 
.. ordinlUJ', 

Cement, hydraulic, ground,loose, American, Rosendale, .. " 
" " 

Cherry, dry, 
Chestnut, dry, 
aay, potters', dry, 

" 
" 

.. in lump, 10000, 
Coal, bitumiI>OU$, 5Olid, 

" 
" 

" " broken, loose, 

" Lou;'ville, 
Enalish, Portland, 

" " heaped bushel, lonR, 
Coke, lOOle, of good coal, 

.. "heaped bushel, 
Copper, cut, 

rolled, 
Earth, common loam, dry, loose, 

" " " moderately rammed, 
" as a 1101\ flowing mud, 

Ebony, dry, 
Elm, dry, 
}1int, 

274 

~~ 
"" 162 
.3 
64 
68 

(60) 
38 
87 

604 
634 
160 
126 
100 
140 
11. 

66 
60 
90 
42 
41 

110 
63 
84 
40 

(74) 
62 

(40) 
642 
646 

76 
05 

106 
76 
36 

162 

I -



c I I IITY.D. 

WEIGHT OF SUBSTANOES-Continued . 

NAloiD OF SUISTANCES. 

Ghus, «Immon window, 
GneiSl, oommon, 
Gold, east, pure, or 24 carat, 

" pure, hammeTed, 
Granite, 
Gravel, about the .. me as sand, which see. 
G)'pIum (plaster of ~). 
i-femloc:k, dry, 
H ickory, dry, 
Homblende, black, 
I~, 

Iron, cut, 

hory, 
I~ad, 

wrought , purest, 
average, 

lignum Vim:, dry, 
Lime, quick, ground, loose, or in Imaillump', 

" thoroughly.hahn, 
per struck busbel, 

Limestones and Marbles, 

...... 
'I'~: 

,.7 
168 

.204 
1217 

170 

142 
2' .3 

203 
6S.7 
460 
48. 
4SO 
114 
711 

83 
.3 
7. 

" " 100IIe, in irregular fragments, 

(66) 
168 
.8 

109 
' 3 
3. 
4. 

Magnel.ium, 
Mahogany, Spanish, dry, 

" H onduras, dry, 
lohple, dry, 
Marbles, see Limestones. 
Muonry, of granite or limestooe, "ell d.reSIed, 

" "mortal" rubble, . 
" "dry "(welllCabbled,) 

.. aandlitooe, .. ell drtSled, 
Mercury, at 3zo Fahrenheit, 
Mica, 
Mortar, \,ardeoed, 
Mud, dry, c\Q5e, 

16. 
'.4 
138 
144 
84. 
183 
103 

80 to no 



WFoIGHT OF BUBBTANOE8-0ontinued. 

N,uu:s or Suusn.t(C7.S. 

Mud, wet, fluid, maximum, 
():.k, I;"e, dry, 

wbite, dry, 
" otber kinds, 

Petroleum, 
Pine, wbite, dry, 

" yeUow, Northern, 
" .. Southern, 

Platinum, 
Quam, common, pun, . 

Rosin, 
Salt, coane, SyRCUJe. N . Y .• 

U Li .. erpool, fiDe, for table 11$e, 

Sand, of pu!l' quartz, dry, loose, 
" well . baken, 
" perfectly wet, 

SanWiones, fi t for building, 
Shales, red or black, 
Silver, 
Slate, 
Sno .... freshly f .. llen, 

moistened and compacted by raio. 

Spruce, dry, 
Steel, 
Sulphur, 
Sycamore, dry, 

Ta" 
Tin, cast, 
Turf or I'eat, dry, unpressed, 
W.lnut, black,dry, 
Water, pu!l' rain or distilled. at 60" Fahrenhei t. 

" sea,. 
Wu, beei, 
Zinc 01' SpelteT, 

~~ .. 
120 

•• 
.0 

32 to 45 

•• 2. 
34 

•• 
1342 
166 
6. 
•• •• 

90 to 106 
99 to 117 

120 to 140 ,., 
162 
6.' 
17. 

5 to 12 
15 to 60 

2. 
'90 
12. 

37 
62 

••• 
20 to 30 

3. 
621i .. 
80.' 
43.7 



OABNBGm, PHIPPS -'t 00., LllIllTJtD. 

AREAS and CIRCUMFEREN CES OF CIRCLES. 

for DiMneier1 from n 10 100, advancing by 'l'eDths. 
- ---

Diam.. I A~ I Oiream.. Diam.. A~ Oircum. 

0.0 ' .0 " ..... I' ..... 
.1 ...... .814. 16 .1 1'- 1'_ • .031416 .l12li82 • 13.85« 13.194.7 • .07_ .""8 • I..,,", 13.5a38 ., .I"" I.,"" ., 15>053 13.8230 

• .I"" 1 .5~ • 15.9043 14.1372 
. 8 ,.,'" "886(1 •• 16.6190 14.4.513 
.7 ."'"' 2.1991 .7 17.3494, 14.7655 
.8 ..... 2.5133 • 18.0966 15.{1796 

•• .68617 2.8274 •• 18.8574. 15.8938 
1.0 .785< 8.14.16 '.0 19.6350 15.7080 
.1 .Il50l ... '" .I 2:0.4.282 16.0221 • 1.1810 8.7699 • 212372 16.8363 , "3273 HlWI •• 22.0618 16.6504, ., 1- '.3982 ., 22.9022 16.9646 

• 1.7671 4.7124, • 23.7583 17.2788 
.8 2.0106 ,."'" .8 24,.6301 17.5929 
.7 "'" 5.8407 .7 25.5176 17.9071 
.8 2M47 5.6549 • 26.4208 18.2212 

•• '.II35S '.9690 •• 27.3897 18>354 

'.0 3.14.16 8 .... 6.0 28.2743 18.8496 
.1 3.4686 6>'" .1 29.2247 19.1637 
2 8.8013 6.9115 • SO.I907 19.4779 

•• 4.1MS 7.22fj7 •• 81.1725 19.7920 ., ,."" 7."" ., 82.1699 20.1062 

• ' .9087 7.8540 .5 33.1831 20.42G4. 
.8 5.8093 8.1681 .8 3Ut19 20.7845 
.7 ,."" 8<823 .7 85."" 21.OW • 6.1515 8."" • 86.3168 21.8628 ., 8 .... 9.1106 ., S7.S928 21.6770 

'.0 7._ 9.424.8 7.0 38.4.8(5 21.9911 

•• 7.5471 9.7389 .1 89.5919 22.'" 
2 ,."" 10.0531 • 40.711iO 22.6195 

•• ,- 10.3673 •• U .... 22.9336 ., •. am 10.6814 ., 4S.1lO84 23.<78 

• 9.6211 10.9956 • 4.4.1786 23.5619 
.8 10.1788 11.S097 .8 45.8646 23.8761 
.7 10.7521 11.6289 .7 "...., 24.1003 • 11.8411 11.9881 ., 47.7836 " ..... •• 11.9459 12.2522 •• 49.0167 24.8186 

.77 



OARNlIGIlI, PHIPPS 4f 00., LnaUTEO. 

AREAS and CIRCUMFERENCES OF CIRCLES. 
(CO:-'''INUf.D.) 

Diam. A~ 

1

0

-

Di.a.m. A~ Oircum. -- --
8.0 50 ..... 25.1327 12.0 113.0973 37.6991 

.1 ,,- 25.4469 .1 114J)9(I1 88.0133 • 52.8102 25.7611 • 116.8987 88.3270&. 

.S W.I061 26.0702 .S 118.8229 88.6416 

•• 55.4177 26.3894 •• 120.7628 88.9567 

• 56.70&.50 26.7085 • 122.7185 ".,.,. 
.8 58."" 27.0177 .S 124,6898 89.&8(1 
.7 &9.4468 27.3319 .7 126.67$ 89._ 

• 60.8212 27.6460 .8 128.6796 40.2124 ., 622114 fl.'" ., 130.6981 0&.0.5266 

'.0 63.6173 282743 \3.0 182.7823 40.8407 
.1 65.1lll88 ,,- .1 134.7822 0&.1.1549 • 66.0&.761 ".9\12'1 • 1S6,Sm 41.4690 
.3 67.ml 29.2\68 .3 138.ml 41.7832 

•• ".8978 29.5310 •• 141.0261 ".om 
• " .... 29.84.51 •• 143.1888 42.4115 
.S "".,. 30.1593 .S 1452672 .f2.72b7 
.7 78.8981 30.0&.734 .7 147.4114 43.0398 • 75."" 30.7876 •• 149.5712 43.8640 ., 76.9769 81.1018 .S 151.7468 43.668\ 

10.0 78.6898 81.4159 14.0 \53.9380 43.9823 
.1 80.1185 31.7301 .1 15tl.l4M ".m • 81.7128 .2.0«. 2 158.3677 «.6106 

•• ... "'" 82.3.'i8( .8 160.6081 44.112018 

•• " .9487 32.1l72tl •• 162.8600 " ..... 
•• 86.5901 82.9867 .S 165.1800 45.0531 

•• 88.473 ".- .S 167.4165 45.8673 
.7 89.- 33.6150 .7 169.7167 46.1814 

• • 91.6088 ".9292 • 172.0336 46.4956 ., 98.3182 ....... ., 174.3662 46.8097 
11.0 ""'75 16.0 176.7146 47.1239 

.1 84.8717 .1 179.0786 47.4880 
2 85 .1858 •• 181.4584 47.7622 

I .8 85.6001) •• 183.8539 48.0664 

•• 85.81(2 •• "..,l15li 48.3806 

• 103.8689 00.1283 • 188.$19 48.6947 
.S 105.6832 ... - •• 191.1846 49.0088 
.7 107.6182 00.7666 .7 193.5928 49.3230 

•• 109.8588 87.0'708 .8 196.0668 49.6372 ., 111.2202 37.3850 .9 198.5566 49.9518 .. .7 • 
-



eARN] ill PHlPl' & CO. Lo. (I'~ :0. 

AREAS and CIRCUMFERENCES OF CIRCLES. 
(COl'1Tl l'OUF.D.) 

- --,w.. !AL I Oircwn. ,w.. ""- """'. 
16.0 201.0619 00.2666 20.0 31'.1693 62.8319 

.1 203.f>8:!1 00.6796 .1 317.3037 63.1460 

.2 206.1199 00.8938 • 320.'739 63.4602 

. s ",.om ,11, .. .s S23.6M7 63.7743 
•• 2112407 61..5221 •• 326.8S1!1 64.0885 

• 213.8246 61.8363 • ..,.- 6H026 
.6 216.420 52.1S04. .6 833.2916 6"7168 
.7 219.0397 52.'646 .7 "'.5363 66.0310 • 221.1>708 ".ms • 839.794.7 6li.34S1 
.9 

I 
224.3176 63.0929 .9 843.0698 66.6693 

17.0 226.9801 
I 

sa.4071 21.0 846.3606 65."" 
.1 229.6683 sa.7212 .1 lW9.66'71 6628/6 

•• "".- 54."" • 302."" 66.6018 
.8 236.0618 54.lW96 .s "'...,. 66.9169 
•• 237.7871 54."" •• 359.6809 67.2>11 

• UO.6282 54."" • "'."" 67._ 
. 6 2(3284.9 ,,- .6 366.'354 67 .... 
.7 2-46.0674 " .... .7 "'.8361 68.1'726 • U8.84M "."" .8 373-"" 68.4867 
.9 2S1.&494 66.2346 .9 376.68(8 68.8009 

1&0 2SH690 " ..... 22.0 380.1112'l 69.1150 
.1 2S7.3043 "...,. .1 388.6963 69.'292 • 260.IMS 67.1770 • 887.0766 69.7'34 .s "'.0220 67.4911 .s 390.6707 70.0f17S 
•• 265.9/)" 67.8063 •• ~.081' 70.3717 

• "'.8005 68.1195 ., IW."'" 70.6858 
.6 271.71U 68.4836 .6 401.1000 71.0000 
.7 27'.&459 68.7478 .7 4/)(.7078 71.3142 • 277.6911 69.0019 .8 '08..2814 71.t\1!83 
.9 2:8O./i052\ 69.8761 .9 411.8707 71.9425 

t9.0 "'."'" 69.6903 23.0 416.4756 ,,-
.1 286.5211 60.00« .1 419.0963 72.6708 • "'."" 60.3186 • 422.7327 72.8849 
.s "'.6630 60.6:127 .3 426.3Sl8 73.1991 
•• 295.6925 60.9469 •• 4SO.1l526 73.6138 

• 2\18.1)(77 61.2611 ., 438.7361 73.827' 
.6 301.7186 6t.6752 .6 437.4364 74.1'16 
.7 804 .... 61.8894 .7 441.1503 1HM7 
.8 307._ "....., .8 444.8809 14.7699 
.9 311.0265 62.6177 .9 448'l73 15.0841 

2'7P 



C I I Pf '" D. 

ABEAS and CIRCUMFERENCES OF CIRCLES. 
(COSTISIJIW. ) --, ... , A~ . ili=m. .... I - OirGam. 

".0 452.8893 75 .... ".0 615.752f 

i! .1 ~.t671 75.7124 .1 620.I!i8Z • t59.9!106 76.0265 • .... 5800 
.S 463.7698 76.8(07 .S 629.0175 
•• 467.5947 76.6549 •• 63:1.'707 

• 47U8.52 76.9690 • 637 . ..., 89>'" 
.S .75.2916 712'" .6 M2 .. tUS 89.8496 
.7 m.l6S6 77.5973 .7 646.9'246 90.1637 • 483.0518 77.9115 .8 651.«07 90.4779 
.9 486.11547 78.",,7 9 666.97U 00."" 

".0 490.8739 18.5398 29.0 660.5199 91.1062 
.1 494.8087 78.8540 .1 .... - 91.4203 

•• 498.7692 7'9.1681 •• 669.66:9 91.7345 
.S "'.7255 79."" .S ""'''' ".-•• 60&.7075 79.7965 •• "'- ... m 
.S 510.7002 80.1 100 • 683.4928 
.S 514.7185 OJ ..... .6 688.IU5 
.7 518.7476 OJ."" .7 6\12.7'919 
.8 522.79U 81.0681 .8 697.4650 ., b2B.S529 BUIll?'.! .9 702.1&38 

".0 ~.9292 81.681,& ".0 706.8588 !W.2478 
.I r.s5.02U 81.9966 .I 711.5786 94,5619 

• 6311.1287 82._ •• 716.3145 94.8761 
.S 543.2521 82.6239 .S 721.0EWl2 96.1903 
4 547.8911 82.9380 •• 726 .... 95 ..... 

.5 661.5459 8""'" • 730.6167 95.8186 

.6 65li.7163 83.5634 .6 785.4154 96.1327 
.7 559._ 83.88IXi .7 740.2299 96.«89 
.8 564.10«- SI.I!W7 • 745.0601 96.7611 
.9 "'''''' ,. ..... .9 749.9060 97.0752 

,,"0 672.5553 ".8230 31.0 754.7676 97."" 
.1 1i76.8Gl3 85.1872 .1 759.64S0 97.7035 • 581.0690 85.4513 • 764.6380 98.0177 
.3 585.84.94 85.7655 .S 769.«67 98.3319 

•• .... 64M 86.0186 •• 70'4.3712 98.6460 

• 593.957.4 86.8928 • 779.3113 98.9602 
.6 598.2319 86.7080 .6 784.2672 99.2'743 
.7 ".6282 87.re21 .1 ""'" 99_ 
• 606.98'71 87.8363 • 79""0 ".0026 
.9 611.3618 87."'" .9 "'- 100.2168 

"OJ 



OARNEGIB, PH1PP8 • oo~ LllIlTBD. 

AllEAS and CIRCUMFERENCES OF CIRCLES. 
( colm~u&D.) 

Di>m. ..". Oi=m . Di>m. u... Oi=m. - -".0 '0"'''' 100.5311! ,6.0 1~.81" 113.01173 
.1 809.2821 lOO.Wi1 .1 t .538'/ 113.4116 

• 814.8322 101.1S93 • 1009.2172 113.72/)7 

• 819.3980 loum • tOM.911S 114.0398 

•• 821.4'(96 101.7876 • 104.0.6212 1140.31)4,0 

• 829.5768 Ire.1018 • 104.6.3467 114.6681 

•• .... 6898 1re.4169 ., 1002.0880 114.9823 
.7 839.8185 102.7301 .7 1067.8«9 116.2965 • "'.9628 103.0442 • 1063.6176 115.6106 
.9 850.1229 103.8584. .9 1069.4000 116.9248 

".0 855.2986 103.6126 ".0 t075.2101 116.2389 
.1 800.4902 103.9867 .1 1081.re99 116.5531 

• 865.6973 1000.m • t086.86M 116.867! 

• 870.9202 104..11160 • 1092.7166 117.1814 

•• 876.1566 104..9292 • 1098_ 117.4956 

• 881.4181 1062434 • U04..4662 117.8097 

•• 886.6831 105.5675 • 1110.8M6 118.1239 
.7 891.9688 106.8717 .7 1116.2786 118.4880 

• "'2103 106.1868 • 1122.2t183 118.7522 
. 9 """' . t06.WOO .9 1128.1588 119.06M 

".0 907._ 106.8142 88.0 1134.1149 119.3805 
.1 918.2688 107.1283 .1 tI~.0918 119.6947 

• 918.6381 107.4425 • 1146.08« 120.OMS 

• 92..0131 107.7566 • 1152.0Il27 120.8230 

•• 929.4088 108.11710 • 1158.1167 120.6372 

• .... 0l02 108.3849 • 1164.1564 120.9513 
.8 9<0-"" 108.6991 •• 1170.2118 121.2655 
.7 ~.690t 109.0183 .7 1176J!880 121.5796 • 951.1466 109.3274 • 1182.3698 121.8938 
.9 956."" tOO.6U6 .9 1188.4724 1"'_ 

85.0 962.1128 109.9557 ".0 1190&.5906 122.5221 
.1 961.6184. 110.2699 .1 1200.7246 122.8863 • 978.1397 UO.68(1 • 1206.87(2 123.1504 • 978.6768 110.8982 .S 121s.o396 123.4646 

•• 9 .... '96 111.2124 •• 1219.2207 128.?788 

• ..,.- 111.5265 • 11!21i.U7S 124.0929 

•• .... """ lIUW07 ., 1281.6300 124.4071 
.7 1000.9821 112.15(9 .7 12:f/'.8582 124.7212 
.8 1006.5,." 112.4690 • 1244.1021 125.(1854. 

• 1012.2290 112.7832 • ItM.3617 125.34~ 

os, 



~ 
OAB.MBOIB, PHIPPS &- 00" LIlI4lTJtD, 

AREAS and CIRCUMFERENCES OF CIRCLES. 
(CO:iTINU£O.) 

-
Dam. I Diom. ""- Ci=m. !no. Ili=m. - -

40.0 1266.637\ 125.6637 ".0 1520.5308 138.2301 
.I 1262.\1281 125.9779 .I 1527.'500 I"' ..... • 1269.2348 126.2920 • 15840.3863 \38.8584 
.8 t275.5573 126.6062 .8 1541.8360 139.1726 
•• 1281.8966 126.9203 •• 1548.3025 13U867 

• 1288.2493 1272345 • 1555.2847 1"_ 
.8 121M.6l89 127_ .s 1562- 140.1 1M 
.7 1301.0042 127.8628 .7 1569.2962 140.4292 • t30'H052 128.1710 .8 1576.3255 140.7484 
.9 1313.8219 128.4911 .9 1583.3708 UU1575 

"to 1320"'" 128.8063 45.0 lli9UStS 141.3717 
.1 \326.1021 129.1195 .1 \597.5077 u'1.6868 • 1338.1663 t2U386 • 1604.5999 142.0000 
.8 1339.6458 129.1478 .s 1611.7071 10&2.3142 • 1346.1410 130.0619 •• 1618.8313 142.6283 

• \352.6S20 130.3761 • 1625.9706 142.9425 
.s 13.S9.1786 130.6903 .s 1633.1266 143.2566 
.7 1365.7210 131.00« .7 16402962 10.5708 
.8 1312.27'91 131.8186 • 16(7.4826 143.8849 
.9 1378.8529 131.6327 .9 1654.6817 1«.1991 

".0 1385.«24 131.9469 ... 1661.9025 1«.5133 
.1 1392.0m 1322611 .I \669.1860 1«.8274 • 1398.668.5 132.5752 • 1676.8863 145 .• 416 
•• 1405.3051 132.889( .s 1683.6502 145.0&557 
•• Im.9574 133_ •• 1690.9308 145.7699 

• 14l8.6254 133.5177 • 1""= 14.6.0841 
.s 10&25.3092 133.8318 .8 1705.5392 1'6.11982 
.7 1432.0086 134.1-460 .7 1112.8670 1-46.71U 
.s 1-438.7238 134.4602 • 1720.2100 U'l.0265 
.9 I«U546 184..7743 .9 172'7.569'7 14'l.~ 

0.0 1452.2012 135.0885 -47.0 1734.94.(5 U'l.6550 
.1 1458.96311 135.4026 .1 tu2.3351 U'l.9600 • 1-465.7415 135.7168 • 1749.7414 1-48.2832 
.s lm.5352 136.0:110 .s 175l.1635 1-48.59'73 
•• W9.8«6 lM.SCiI ., 17M.6012 148.9115 

• 1486.169'7 136.1'.693 • 1712.C6I6 149.2257 
.8 1-493.0100 136.97U .8 1779.5227 1-49.5398 
.7 1499.8670 13'1.2876 .7 1787.0086 1-49.SMO 

i, .s 1fi06.?89S 13'1.6018 • 179'-5091 151).1681 
.9 15tS.6272 1S7.9159 .9 tS02.02M 1S(J.-48\!3 

II ... 



-- - '-
CAlINlI'" n " "" D. 

f- . 

AREAS and CIRCUMFERENCES OF CIRCLES. 
(COSTINUW.) 

Diam. .1m. """'. DiAm. Area. Oircum. 

".0 1809.55n 150.7964 ".0 2123.1166 163.8628 
.1 1817.1050 151.1106 -' 2131.8926 163.6770 
2 182&.6684 151.0&248 2 2140.1J!43 163.9911 

•• 1882.2475 151.7389 •• 2148.2917 1114.0053 

•• 1839.8'23 \52.0531 •• 2t56.5a9 tM.6195 

• 1847.4628 152.sm • 2161.7537 161.9336 

•• 1855.0790 152.681' •• 2173.1X£! 166.2479 
.7 1862.1210 152.9956 .7 21812785 165.5619 

• 1870.8786 153.8097 •• 2189.56.f4 165.8761 ., 1878.0519 153.6239 ., 2197.8661 166.1903 

49.0 188S.7.f.G9 153.9380 ".0 2206.18M \66.5044 
-' 1893.«57 "",22 .1 2214,5166 166.8186 
2 1901.t6lm IM.SSM • 2222.'" 167.1827 • 1003.9024 154.8805 .S 22"_ 167.«69 
•• 1916.6WJ ISS.HU,7 •• 2239.6100 167.7610 

• 192U218 tSS.5Il!8 • 2248.0059 168.0752 . 

•• 1932.2051 ".- •• 2256.4175 168.9894 
.7 t!WO.oou. 156.1872 ., "" ... " 168.7035 • 1947.8189 15tU518 • ""'- 169.0177 ., 1956.6493 156.76b.5 •• 22.81.74.66 169.3318 

60.0 1963.4954 157.0796 ".0 2200.2210 169.1W.60 
.1 t97t.S572 157.8938 .1 2298.7112 169.9602 • ""'-"'-' 157.7080 • 2307.2171 170.27.(3 

• 1987.1280 158.0221 •• 2315.7386 170.6885 

•• t99li.0370 158.8363 •• '3'U'" 170.9026 

• 2Om!.9617 158.800( ., ""'- 17t.1!t68 ., 2010.9020 168.\16(6 ., 2341.3976 171.5310 ., 2018.8581 1592787 .7 234.9.9820 171.8'51 

• 202Il.Il299 159.5929 •• 2358.5821 172.1593 

•• 2034.8174 159.9071 •• 2367.1979 172..4135 
51.0 ., .. - 160.2212 ,'-' .,"""" 172.7876 

.I 2050._ 160.53M .I 2384.4767 173.1017 

• WiS.8742 160.~95 2 2393.1396 173.4159 , 

•• .... ".. 161.1637 •• 2401.8183 173.7801 
I •• 2074.9905 IBUm •• 2410.5126 174.0442 , 2093."" 161.7'92(1 • 2419.2227 174.85!U 

.6 2091.1697 162.1002 .6 2427.Q.l&5 174.6726 

.7 ""- 162.4203 .7 2436.6899 174.9867 

• 2101.4118 162.m5 • 2«5.4471 175.3000 
.9 2115.5568 153.om" •• 2454.2200 175.6150 

20 , 



~ 

OAllNl UIJl! PHIPPS &: OO~ LIMIT8D. 

AREAS and C1RCU'J[FERENCEB OF CIRCLES. 
(CO~"Il"\1I.D.) 

..... !nL ""'"'. - ..... """'-... ........ 175.1129! "'.0 !8!7 ..... 188.4956 
.I 2471.8180 17W33 .I -- ,88.8007 , "" .... 176.6515 , 2846.31« 189.1239 

•• m9.4687 176.8717 •• "".718< tBU380 

•• 24.98.3001 177.1858 •• ""."" 189.7022 

• 2507.1873 177_ • 287.4.7536 190.0064 ., 2618.0701 177.81.(1 •• "" ... " 190.3805 
.7 ..... i!87 178.1283 .7 2898.7917 190.69017 

• .... - 178._ • ..,.. .... 191.0088 

•• 2M!.81!9 '78."" •• 291!.8926 191.se:30 

".0 1!66\.1l& 179.07{S 151.0 ........ 1111.8372 
.I "".1!00 179.3849 .I .... .,., 1111.9513 

• 2588.6871 1i9.6991 , !N1.&617 , ....... 
. s .. 78.6899 ISO.0133 J "', ..... ,....". 

•• "" ..... tSO.I!7.f. •• !9IIO.I1I97 II ....... 

• tli96.7227 180.6(16 • 2910.,,, '''...,. ., "".16U 180.9557 ., "".". 1113m! 
.7 26140.8188 1812699 .7 ""."" , ...... 
.8 "".8896 181.68(1 • 2999.6241 19(.1604 

•• """"., 181.8982 •• ""'.m 1901.46411 

18.0 ..... "" 182.2124 ".0 8019.0'706 tW.7787 ., 261ium ' 82.6265 ., .... '78 195.0929 , 1!66O.8321 ,"""" , .... '" 196.4071 

• ..... ""' 183.1549 • ""'- 195.7212 
A M18.6(76 18.'1.4000 •• ... ,'" 198.1),\')( 

• ""' .... ,"''''' • 11067.96111 198.M95 

•• Ml7.02S9 184.0973 •• 1077.78&9 , ... -
.7 "" ..... 184.40116 .7 w."" 198.W19 

• 2715.WO 184.i'!66 • 8097.4847 ,,,-
•• 272-&.7112 185.0398 •• 8107.8571 t97.fI06! 

611.0 2733.9710 

ii~ 
63.0 3t17 .2453 t~.9203 ., 2748,24,66 ., 3127.1492 "8>,,, 

• 2752_ • 8187.0688 , .. ...., 
• 2761.8448 • 8147.00f,0 , ...... 
•• 2771.1675 •• 3166.11550 ll19.1?70 

• mo . .., 186.9248 • 3166.9217 ' t91U911 

•• .,....., ,,, .... •• I 8176.1IIU3 ,,, .... 
.7 

"" .21!117 I 
t87.MSt .7 8186.9023 I 2OO.l1J6 • !9lI.Sl1i2 ,,,..,. • I 8196.9181 2OO . .f.SS8 .. !B18.016li 188.1814 •• .... "" 200.7478 

• 29< I I 



CARNEGIE, PHIPPS & 00 .. LUdlTED. 

AREAS and CIRCUMFERENCES OF CIRCLES. 
(OONTINUIID.) 

Diam. Am. Circtun . .... M~ 0"""'-- ---
".0 8216.9909 201.0600 68.0 8631.6811 213.6283 

.1 8227.0518 201.3761 .1 3642.3761 213.9426 

• 3237.1285 201.6902 • 8653."" 21U.566 

•• ''''''''' ".00« .S 8668._ 214.5708 

•• 8257.3289 202.8186 •• S'U_ 21U8(9 

• 8267."" ".m • "" .... 215.1991 
.6 '271'''' 202.9(69 .6 8696 .... 216.6183 
.7 8287.7474 203.2{iIO .7 8706.8859 216.8274 
.8 8297.9183 203.5752 B 3717.6851 216.1416 

•• 8308.1619 """" •• sm._ 216.4556 

".0 8318.30?2 .... "" 69.0 """'" 216.7699 
.1 832&.5253 204.5176 .1 3750.12'70 217.0841 

• 8338.7590 204.8818 • 8760.9891 217.8982 ., 3349.0085 205.1460 B 3771.8668 217.7124 

•• ", • .2786 205.4602 A 8782.7603 218.0265 

..5 8668."" 205.m3 • 3793.6695 218.3407 

.8 3379.8510 2OO.1l885 .8 880 .. ", f I8.6M3 

.7 3390.1633 200.- .7 3815.5350 218.9690 
B 3400.4913 206.7168 B 3826.4913 219.2882 

•• 8410.8350 W'.0310 •• 3837.4633 219.59'73 

66.0 3421.1944 2(J7.S451 70.0 3001.4510 219.9115 
• 1 3431.5695 207.6593 .1 88S9 ..... ""2ll56 • 8441.9603 ""."... • 8870.4786 "" .... ., 6452._ 21)6.287, B 886'- ""-"', 
•• 3462.'7891 208.6017 A "".6590 22t.t681 

• 3473.2270 208.9159 • 6903.6262 221.4823 ., 3483.6807 2092901 .6 8914.7072 221.796(. 
.7 3494.1500 209 ..... .7 "".,.. ~.1106 
B 8561.6.'?51 209.8584 B 3936.9182 122 ..... 

•• 3515.1359 210.1725 •• ",,"0473 222._ , 

67.0 9525.6524 210.4867 71.0 3959.19!1 223.0631 
! .1 3536.1845 210.8009 .1 3970.3526 .... -• 3546.7324 2t1.1150 • "'1.5289 !:!23.8814 

•• 3557.296<l 2t1.4292 ., 8992."" .... -
•• ,,81._ 211.7483 •• 4003.9284 224.8097 

• 3578.4761 212.0575 • 4015.1518 224.6290 
.8 S589J)811 212.3717 .8 4026.3008 "'.9380 
.7 3.S99.?075 212.6858 .7 4037.64.56 "...,., 
B 3810.3(97 213.0000 B 4048.9160 "' ..... B 862t.00'7ti 213.3141 •• 4060.202R "" .... 

, .. 



r:: 
O.&.BNBG ,., PHIPPS .,. (If.l. LlllITBD. 

AREAS and CIRCUMFERENCES OF CIRCLES. 
(CO~TlNtnD.) ..... "'" """"'- Dim. !no. """"-

".0 «l7t.!Of, I 2M.l1k7 7<0 .... "" 238.76IQ 

•• 4~.8217 ....... .I 4M8.4~7 .... -• 4004.1660 ......, • 4680.3lI7S ........ 
•• 4t05.bGf.O 227.1371 •• 4572.8446 "'.7030 .. 4116.8G87 P27.4513 •• "".8377 240.0171 

• 4128.2491 227.7&>5 • 4596.341U 2010.3318 
.S 4189.6%2 .... - .S 46Ge.87<W3 240.6460 
.7 4161.0m 2211.8988 .7 4620.4110 240.96re • 4t6U846 "'.707'> • 46SU669 241.!1.a 
•• un.1Im 229.1l!!21 .9 ......... ... -

78.0 4185.3868 "" .... 77.0 4666.6257 2-I1.~ 

•• me.8615 "'.6004 •• . .... "., 242.2168 , ~8519 il!9.9646 , 41!8O.8414 2(2.5310 

•• 4219.8579 ,.,,,,., •• 4592.8818 ...... , 
•• ~1.3797 ""- .. 4705.1119 243.1592 

• rn!.91i'2 2SO.9O'l1 • 4717.wn U3.4~ 

•• 4!bi.47o. 231.2212 •• 472\1.4792 243.7876 
.7 .fo266.03lU. ,,,...,. .7 4741.6766 2«.1017 
.8 4m.62fO 231.84.95 .8 4759.88S4. 2«.4J69 
.9 4289.2243 232.1637 .9 '766.1181 2«.7301 

74.0 '300.8403 !8Um 78.0 4718.86'A 245.GU2 
.I 431U121 232.7920 ., 4190.6220 245.8f& , '324.1195 238.1062 , ..,..." .... .". 
.8 4335.7827 ....... .8 4815.1891 .... -•• -'347.4616 .... ,... •• ..., .. '" ...... 
.5 '~.I" , .... ,," • .....81 .. 246.6150 
•• . ..... ........ •• .as2.1684 246.W9! 
.7 ........ 23U710 .7 486'-6128 247.!foSS • 4894.8341 2M.Wlt • "' ..... 247.5675 
.9 -«06.0916 ....... .9 'S89J!685 247.8'117 

75.0 «17.8647 2S5.6HU 79.0 4901.6699 .. ,,'" 
.I ......... ........ •• 4914.0871 1485000 • 4«1..f680 """" •• m6.lil9\! US.8141 • "".2783 286.5619 • 4988.9685 249.1283 
•• 4466.1141'. ... .n, 

• • 4l1li1.4828 249.4425 -
• «7U669 23'7.ti02 • 496S.!l127 2411.7566 
. S "" ..... "' .... •• 4!176.~ ... . .". 
.7 4600.7168 23'7.8186 .7 4988.11118 ........ • 4.512.6161 238.1927 • MIOI.0U69 250.6991 

~ 
. 9 .......... ""«" •• 5013.11897 251.0133 ... 



CARNEGIE' PHIPPS & CO .. LI1a1lTBD. 

AREAS and CIRCUMFERENCES OF CIRCLES. 
(COSTINUEl). ) 

..... ",. Ilim>m. -I ""- ..... 
116.0 6006."" 2li1.S2'U ,..0 S&t1.7ti94 262.8988 

.I 5039. 1225 251.6416 .1 ""."" ... ..", , 6061.7124 251.9557 , .... 1 .. .... ," 
•• 6064.3180 252.2699 •• 6581.~2 "'."" •• 5a76.9lm 252.5840 •• M;i(u' .6"739 265.1514. 

• 5089.6764- 25>.8'lS2 ., ""'."" 265.4.646 

•• 5102.2292 253.2124. •• 6621- "'.7187 
.7 51 14.8977 253.Ii26/i .7 6634..5171 "'.0929 • 5!!!7.5819 253.8407 .8 5647.8296 266.4071 ., 5140.2818 2M.1S48 ., 6661.1578 200.7212 

81.0 5152.9973 2501.4690 85.0 5674.5017 267.1l3S4 
.I 5166.728'7 "'.,.. .1 6687.861' 267.3495 
2 5178.4757 "'.\1973 2 5(1)1.2367 267.""' 
. S 5191.2384 255.4115 •• 571'.6277 267.977'9 
•• 52G1.I)I68 ""."" •• 5728.0345 '68_ ., 6216.8111) "'.0399 J; 574.1.4.569 262.""" 
•• 6229.6200 256.3540 •• 5754.895\ 268.9203 
.7 624.2.«63 256.6681 .7 5768.3490 269.1"" 
.8 5256.2876 2M."'" • 5781.8185 26'_ . , 6268.1«6 "7.2006 •• 6796.8038 269.8628 

82.0 5281.0173 257.6106 ".0 ... .8048 271).1770 
.1 5293.9056 257.9247 .1 5822.8215 270.491 I 
2 .... 0l97 2.18."" 2 "".""" 270.8053 • 5319.7295 258.5531 .S 1iS19.'aw 27t.tI(u' 
•• 5332."" 25&8""' •• 6862.9659 271.4336 

• 534.5.6162 259.181' • 5876.5404 

I~ •• "".5882 259.'956 •• 589!l.U07 
.7 5371.5658 "0>097 .7 6903.7516 • 1iSSI.56H 200.1239 • 5917.11783 ., "".,82 200.4.880 •• 5931.11206 

'0.0 MIO.6079 269._ ".0 5M1..6787 273.3186 
.1 ""."" 261.= .I 5958.3525 273.6327 
2 MOO.7I4.6 261. , 5972.0421) 273'45' 
•• 5449.7915 261.8947 •• 5985.7472 27'.2610 
•• 0462.8840 262 .... ., 5999.4.681 274.5752 ., 0475.9923 2112:.3230 • 0019.2047 274.889( 

•• 5489.1163 262.6371 •• 602tl.9510 275.2035 
.7 ""'-"'I 262.95\3 .7 0040.7250 275.5177 • &ilii.4,::S 263.2665 .8 ""'- 275.8318 

•• "".6826 I 263.67116 I 
, ...... 276.1460 ,,' ,.., 



'" OABNBODi., PHlPP8 at 00 .. LDIlTBD. 

AREAS and CIRCUMFERENCES OF CIRCLES . 
( CO""fIS"I1I:D. ) 

-
Di>o. !~ Cim.II. Ow.. - """'. sa, 1\CI32.12Sf. " ..... "-, 6647.6101 "'."'" .1 1Im6.~! 276.7143 ., 6M2."" 289.SW7 • 6109.8!m 277.08&1 • 6876.M41 289.664.8 

. S 6128.6631 277.4026 .S 6691.03(7 "' .... •• 6137.5411 277.7168 •• 6705.M10 2"",,, 
• 616HMB 278.0809 •• ""'. "'" 290.5973 

•• 6166.3«2 278. ... , •• 6731 ..... 290.91\5 
.7 611'9.2693 m.6593 .7 6749.1M2 """. • 6193.2101 218.9740 ., "".7289 ", .... 
•• 6.'!07.t 866 "....,. •• 6778 .... 1!91.8540 

89.' 6221.1889 279.6017 "., 6702.9007 !9!.1681 
.1 6Z:86.1!fl8 !?Ut59 .1 6'0""" ........ • 6U~.t1Ol "' .... , • _'689 .... "" 
•• 15263.1498 280.5«2 •• "''',<6 293.1106 
•• 62'77.184.9 2''',,, •• 6851.4680 293.4248 

• "', ..... 1!81.1i'25 ., 6866.1471 m."" 
•• 6SOrI.302t 28U867 •• 6880.8419 ~.~1 
.7 6819.8843 ", .... .7 6896 .... "'."" ., 6833.4822 282.1150 •• 6910.2786 294.6814 ., 6U7.6958 282."" ., 61J25.0205 "'.-

00.' IiS6I.?!M 282.7.a3 "., "".7182 295.8007 ., 637:i.870\ 283.0675 ., ~.MI5 "'."" • "".0809 283.3717 •• 6969.1106 .... 9880 
. S ........ "'.0l58 .S 8984.1463 "' ..... •• 64.18.3995 "'.0000 •• _"" ........ 
• ""."'" 28UIU •• 7013.801~ "'.88l6 ., ... ,- "'.m •• _1!618 29?.1N1 
.7 8461.0701 "'."" . 7 i'o.U!lfo "' .... • 847U~$1 285_ ., ".. ... 7 "' .... .. ........ 285.5708 •• "" .... 298.1371 

91.0 6608._ 285.8849 95.' 7088.2181 298.0&513 
.1 6518.1843 286.1991 ., 7103.1.a8 298.7655 • 15532.6001 286.6183 • 71 18.1~ "'."" •• ........ "'.,,. •• 7183.0668 "'."" •• 6M1.1s.8 287.1418 •• 1148.03(3 "'.71l7Il 
•• ." ... " 28'7.0&557 • 7163.0276 800.0221 
•• "" . ..,. 287.7699 •• 7178.0366 800 .... 
.7 .... - ""0" .7 7191.0612 800 ..... • 11&18.7188 ",,'" • 12(@.1016 1OO.~6 

•• 1I&3U6&6 288.712f. •• 7223.Um 0)'.2'/87 .. .88 I 



CARNBQTE. PBlPPS & 00 .• LJMlTZJ). 

AREAS and CIRCUJ(FERENCES OF cmCL E S. 
(COSTlNUEO. ) ..... !no. l]imlll. ""'. !no. """'---- - - -

".0 ""- 301.51129 ".0 7M!.96tO 807.8761 
.t 7268..3170 301.9071 .1 ""."" 31)3.1902 • 7268.4202 ..."" • 7578.7880 ""-.S ms.~1 802.5SM .8 7689.!161 908.8186 ., "".6137 802.8405 ., 7604.6IWI 809.18Z7 

• 7313.8240 803.1637 • 7620.1298 809.«69 ., '1lI!8.9001 803.4779 ., 7635.6091; 809.7610 ., ?3I4·t718 "".mo ., 7661.1~ 810.07S2 • "',..., 1104.1062 .8 7666.&170 310.3894 
.8 """'" .0 ... ,,", •• 7682.1444 310.~ 

".0 7389.8113 "".71145 ".0 71W7.~ 311.0177 
.1 7406.OM9 ... "'" .1 7?l3..2.461 311.3318 • 7420.3162 ...... • "" .... 311.6460 • 7435.6Q22 ... om .s 77«.4107 311.9602 ., ""- 306.9911 ., 1'80.01" 3122748 

• 7466 1913 ...... •• 7176 .... 312.5885 
.s 7481.5144 lI06.61~ ., n""" 312.9026 ., 7496.8582 806.9386 .7 7806.Il284 313.2168 

•• 75122078 30""" .8 7822.5971 813.0809 

•• "".,,, S07 .5619 •• 7838.2811i 313.8451 

100.0 '1853.9816 314.1593 

To to'"pule 1M QI'i'U Dr ei~tn~ of a diameter greater 
tJcalJ 100 alld leu than 1 1; 
Take Ottl the area or circumference from table as though Ibe 

numhrr had oue decimal, and move Ihe decimal {'Oinl 1..-0 places 
10 the righl for the area, and one place for the C1rc\lmference. 

wnt._'W .. w "" ... &IIi ~ til 517. fb IIkb.r .... ror Sa..? 
II 15U1I&7j'" ......... l7$.t!83. ftorI6n ... 1 ... ", _ Wtu7 ... 
~ _ I7It.!83. 

To tompul~ IhI QfflI or eircu.m!mnee of a diameter greater 
thall 1000; 

Divide by a factor, as !, ~ 4, Ii, ele., if pnctic:able, t&.at will 
leave a ~uoticnt 10 be found 1ft table, then multiply the labula.r 
area or I e quotient by the lfWlr( of the ractor, or the tabulaT 
circumrerence by the factor. 

W~'I' .. w 1M ............... " Itot. Ii~.,.a. .... ~ • :A Iw QId 1M ..... SSstSeM oM 1M _____ """"" ... 
"II _ *t~ X i_ UW7.51 ............ _12OI..W X 1_1IZ5.U, 

""" 



OAll'N -Ill PF!Pl'" "" 00 LlllITBD. 

AREAS OF ANGLES VARYING BY oN' rn 
THICKNESS. 

, . 



OA..BNBGm. PHIPPS at 00., LIWTlm. 

. LOGARITHMS OF NUMBERS. 

No. 

10 

11 
12 
13 

" ,. 
16 

17 
16 
19 

20 I~~I~~ 
21 I"',,""' I! 
~~ I;;';' 1 ii6.ii iiiii2 1ii?ij I iii;; ;;,11<;. 
24 

2. " '50 I "~ 26 I ' 

27 Iil!I~: lil;lil~i~li!il 28 2. 
20 

31 
32 
33 1'18' I"" lbiii II";; I';;; I;;; 
34 
3. 
36 

37 
38 
39 

No. 

,.n 



OARNEGIE, PUIPPS 41 00., LIWTED 

LOGARITHMS OF NUMBERS- Continued.. 



CABNl!!GIE, PHIPPS ar 00 .. LIHITl!lD. 

LOGARITHMS OF NUMBERS- Continued. 

No. 

70 

71 

72 ,;C,;; 1;;0;; I "" 
73 '" 
7. 
7. 
7. 
77 78 
79 

: I;I;I;~~I;I~I;I~I;I~I 82 
83 

E !!!!!!:i!=Ii360 I;3ii lmoll:If:lmmml 

87 1~~!j~I~~~; li~I ~~li~1 2~li~I~1 : II! ii;; I iiii 

91 
92 
93 .. 
9. 
96 

97 I!!!"! I ~I '!!T' 
98 
99 

No. 



f'_ 
CARNKOIIt. PHIPPS ~ 00., LfloUTlIlD. 

N A T URAL SINES, TANGENTS AND SECANTS, 

Advanch1g by 10 min . 

- -
"". ... Sin~. TugeDl' Secazil "" . .... SiD •. """" """ - - -'-- I- f-

0 00 .0000 .0000 1.0000 • 00 .Il87l! . ."" 1.0038 
to .... .... 1.0000 10 .0001 .- 1.0041 .. .... .... 1.0000 .. .0929 ."" 1.0013 

10 . .., . .., 1.0000 10 .- .0963 UlO46 

" .0\16 .0118 1.0001 " .0987 .- 1.00t9 

" .Ot~ .OI~ 1.()(l01 " .10t6 .1"" 1 .... 

1 00 .0175 .om I._ a 1111 .101> .1001 1 .... 
10 ..... ..... I._ 10 .IOU .1 .. I. ... 
10 .\033 .- 1.1111I\S " .1103 .I tiD 1.0081 

10 .- .- 1.00\13 10 . 1182 .1139 I. ... 

" .112111 .112111 1.0001 " .1161 .I 169 1.0068 , 

" .- .0020 1.0000 " .1190 .1198 1.111112 

2 00 .03<9 .03<9 1.11111\6 7 1111 .1219 .1"" 1.111175 
10 .0818 .1\818 1.I\0Il7 10 .1248 .1257 1.1111'/9 .. .,." .- 1.- .. .1278 .1287 I. ... 

111 .0'" .0487 UlOID 111 .1106 .1817 I. ... 

" .,." .,." 1.0011 " .I'" .1846 1.000\1 

" .,." .,." 1.0012 " .1868 .1378 1.0001 

S 00 ..... .... 1.0014 a 00 .111112 .1405 , .... 
to ..... .... UIOt5 10 .lUI .1'" 1.O111! 

" ... 1 .... l.(IOt7 10 .1«9 .1465 1.0107 

10 .0610 .0612 1.11019 1< .1478 .1496 1.0111 

" ."" .06<' 1.11021 " .1007 .1'" 1.0118 

" .0669 .1\670 I. ... " .1'" .1'" 1.0120 

• 00 .0668 . -I. ... 9 00 .I'" .'''' 1.0125 
10 .07'lI .07!11 I.'" to .'098 .1814 1.0129 

" ."" . "" I. ... " .1622 .1'" 1.0131 

111 .",. .07ff/ 1.0031 '" .1660 .1613 t.Ol~ 

" .1fI14 .0816 '.0033 " .1619 .1'" l.ot44 

" . "'. ."' . I. ... " .1"" .1183 1.014') ... 



CARNEll1&. PHlPPS & 00., LIMITED. 

NATURAL SINES, TA NGENTS AND SECAN TS. 

( OO:'"flNUIW.) 

- -, , I 
o..~. Sial. I Tl.IIgtlIl SeeM\. .... "" . Sinl. ""'" """ - '-'-- ----- l- i--
10 00 .1'" .1763 \ 1.0154 , . 00 "" $I' 1.0363 

10 .1765 .1793 1.0160 10 .2616 2711 1.0361 

" I .1'" .1823 11.0165 " "" 2742 1.-

30 .1822 .1853 1.0170 30 ...,. 27'13 I.,,", 

" .1851 .1883

1

1.0176 " 2700 .... I."'" 

" .1880 .1914 1.0181 " .2128 ... , I."" 

11 00 .I.- .1944 1.0187 1. 00 .• ," -"67 1.1W03 
10 .1937 .1974 1.0193 10 .2784 ..." 1.1W12 .. .1965 2004 1.0199 20 .2812 .29'1 1.0(21 

30 .1'" .2035 I. ... 30 -"" .2962 1.04211 

" .... .... 1.0211 " """ ..... t.1W39 

" .061 .2095 1.0217 " .... . .", I.-

I. 00 ..,. .2126 I. .... 17 00 .2m .3007 1.00>7 
10 2108 .2156 I."", 10 .." . .,., 1.1W66 
20 .2136 .2186 I.- " .297'J .8121 1.Gf.76 

30 .21" "'17 1.()2(3 30 .3007 .3153 1.Gf.85 

" .21" "'., 1.()2(9 " ."" .8185 1.1W95 

" J!221 J!278 I."" " .3062 . 3217 I. ... 

,. 00 . .". ...., 1.0263 18 00 .- .,.., UXi 16 
10 J!278 "'" 1.0270 10 .3118 ."'1 I. ... 
20 .m . ..,0 I.Il277 20 .3Wi .8314 I."" 

30 .... -"01 1.0284 30 .3173 .... , I.""' 
" I .2362 -" .. 1.0091 " .3201 .M I."'" , 

" .2391 -"" I. .... " .- .3m I."" ,. 00 -"19 ... " 1.0306 ,. 00 .m ... " 1.0576 
I 10 .. .., .2.\24 1.0314 10 .3262 .8476 1.0587 

" .'" .2555 1.0321 20 .3811 .,.,. 1.0598 

30 J'6OI .258fi 1.0329 HO .3232 .85<1 I."'" 
" ..... .2617 1.- ., ..... .8574 t.0619 

" .2560 ..... I."" " .... .3007 1.0631 

"'. 



CARNEGU!l. PHIPPS &J 00 .• LIWTED. 

NATURAL SHiES, TANGENTS AND SECANTS. 

(co:mNuw.) 

.... IIio. SiDe. ITangeDl i Secaul Des~~1 SiD&. T&Il(eDl """ - - -- _ _ , ______ 1 __ _ _ 

20 00 ."" .... 0 1.0642 2' 00 ..... ..... 1.1034 
\0 .... , .887S "0863 \0 ..... ..... 1.1049 
20 ... " .3108 .. "" 20 ."" .. '" 1.1064 

80 .... .8739 1.0676 80 .... . .nO 1.1079 
60 .8529 .sm .. "'" 60 .4331 .... 1.1095 

" .865' .8808 1.0700 " .. '" .411.t1 1.1110 

21 00 . "" ..... 1.071 1 2. 110 ..... .' 817 1.1 t26 
\0 .3611 .387ll .. om \0 .-«to .4913 1.1 1.t2 
20 .8638 ."" .. "" 20 ..... .• "" t.t 168 

80 .m .S939 1.07.t8 80 ."" ..... um 
60 .- .sm 1.0760 60 .«88 .... 1.1190 

" .3719 .• "" .. om " .0&51 4 ... , 1.1207 

.2 00 .3746 .4040 .. 078.\ 27 00 .4UO ."" 1.1223 
\0 .3773 .4074 .. 0798 \0 ." .. >182 1.1240 
20 .80lIl .4108 1.0811 20 ."" >189 1.1257 

80 .31127 .4142 ...... " .4617 .... 1.1274 
60 .8IIM .4178 .. .., 60 .4M3 .... , 1.1291 

" .... 1 . .t210 ..... " .• .., .... 1.13(11 

23 00 .m .4245 .. 11166 28 110 .• '" .631' US26 
10 ."" ."" .. 007 10 .4720 - 1.1343 
20 .8081 .4814 1.0891 20 .4146 .6392 1.1361 

80 .'"" .41148 .. "" 80 .• m .M" 1.1379 
60 .4014 .• '" 1.0918 60 .• '" ... " 1.1397 

" .6061 .-«17 .. "" " . "" ... 1.1415 

24 00 .• 007 . "" Ul946 2 • 110 ..... ..... 1.1434 
10 .• '" ."" 1.0961 10 ."'. >021 I.UCIZ 
20 .4120 ."'" "0070 20 ."" .681' U471 

80 .m? .4M7 .. "" 80 .. '" .• '" 1.1490 
60 .4173 ."" 1.100. 60 .4950 .5696 1.1509 

" .. '" .• '" 1.1019 " .4971'; I .57S/i 1.1528 ... 
L-



' ,"" , 

CARNEGm, PHIPPS & CO~ LIMITED. , 

NATURAL SINES, TANGENTS AND SECANTS. 

(CONTINUED. ) 
I 

- I 
Sine. !Tangent. Deg· IMin. Secant. Deg. Min. Sine. Tangent. Secant. 

~I; .5000 .5774 1.1547 35 00 .5736 .7002 1.2208 
10 .5025 .5812 1.1566 10 .5760 .7046 1.2233 
20 .5050 .5851 1.1586 20 .5783 .7089 1.2258 

30 .5075 .5890 1.1606 30 .5807 .7133 1.2283 
40 .5100 .5930 1.1626 40 .5831 .7177 1.2309 
50 .5125 .5969 1.1646 50 .5854 .7221 1.2335 

31 00 .5150 .6009 1.1666 36 00 .5878 .7265 1.2361 
10 .5175 .6048 1.1687 10 .5901 .7310 1.2387 
20 .5200 .6088 1.1707 20 .5925 .7355 1.2413 

30 .5225 .6128 1.1728 30 .5948 .7400 1.2440 
40 .5250 .6168 1.1749 40 .5972 .7445 1.2467 
50 .5275 .6208 1.1770 50 .5995 .7490 1.2494 

32 00 .5299 .6249 1.1792 37 00 .6018 .7536 1.2521 
10 .5324 .6289 1.1813 10 .6041 .7581 1.2549 
20 .5348 .6330 1.1835 20 .6065 .7627 1.2577 

30 .5373 .6371 1.1857 30 .6088 .7673 1.2605 
40 .5398 .6412 1.1879 40 .6111 .7720 1.2633 
50 .5422 .6453 1.1901 50 .6134 .7766 1.2661 

33 00 .5446 .6494 1.1924 38 00 .6157 .7813 1.2690 
10 .5471 .6536 1.1946 10 .6180 .7860 1.2719 
20 .5495 .6577 1.1969 20 .6202 .7907 1.2748 

30 .5519 .6619 1.1992 30 .6225 .7954 1.2778 
40 .5544 .6661 1.2015 40 .6248 .8002 1.2808 
50 .5568 .6703 1.2039 50 .6271 .8050 1.2837 

34 00 .5592 .6745 1.2062 39 00 .6293 .8098 1.2868 
10 .5616 .6787 1.2086 10 .6316 .8146 1.2898 
20 .5640 .6830 1.2110 20 .6338 .8195 1.2929 

30 .5664 .6873 1.2134 30 .6361 .8243 1.2960 
40 .5688 .6916 1.2158 40 .6383 I .8292 1.2991 
50 .5712 .6959 1.2183 50 .6406 .8342 1.3022 
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CARNEGIE, PHIPPS & CO., LIMITED. 

NATURAL SINES, TANGENTS AND SECANTS. 

( CONTINUED. ) 

Deg. Min. Sine. Tangent. Secant. Deg·IMin. Sine. Tangent. Secant. 

- - - --

45 [; 

- - ----

40 00 .6428 .8391 1.3054 .7071 1.0000 1.4142 
10 .6450 .8441 1.3086 10 .7092 1.0058 1.4183 
20 .6472 .8491 1.3118 20 .7112 1.0117 1.4225 

30 .6494 .8541 1.3151 30 .7133 1.0176 1.4267 
40 .6517 .8591 1.3184 40 .7153 1.0235 1.4310 
50 .6539 .8642 1.3217 50 .7173 1.0295 1.4352 

41 00 .6561 .8693 1.3250 46 00 .7193 1.0355 1.4396 
10 .6583 .8744 1.3284 10 .7214 1.0416 1.4439 
20 .6604 .8796 1.3318 20 .7234 1.0477 1.4483 

30 .6626 .8847 1.3352 30 .7254 1.0538 1.4527 

. 1
40 .6648 .8899 1.3386 40 .7274 1.0599 1.4572 
50 .6670 .8952 1.3421 50 .7294 1.0661 1.4617 

42 00 .6691 .9004 1.3456 47 00 .7314 1.0724 1.4663 
10 .6713 .9057 1.3492 10 .7333 1.0786 1.4709 
20 ' .6734 .9110 1.3527 20 .7353 1.0850 1.4755 

30 .6756 .9163 1.3563 30 .7373 1.0913 1.4802 
40 .6777 .9217 1.3600 40 .7392 1.0977 1.4849 
50 .6799 .9271 1.3636 50 .7412 1.1041 1.4897 

43 00 .6820 .9325 1.3673 48 00 .7431 1.1106 1.4945 
10 .6841 .9380 1.3711 10 .7451 1.1171 1.4993 
20 .6862 .9435 1.3748 20 .7470 1.1237 1.5042 

1

30 .6884 .9490 1.3786 30 .7490 1.1303 1.5092 
40 .6905 .9545 1.3824 40 .7509 1.1369 1.5141 
50 .6926 .9601 1.3863 50 .7528 1.1436 1.5192 

44 00 .6947 .9657 1.3902 49 00 .7547 1.1504 1.5243 
10 .6967 .9713 1.3941 10 .7566 1.1571 1.5294 
20 .6988 I ~9770 1.3980 20 .7585 1.1640 1.5345 

30 .7009 .9827 1.4020 30 .7604 1.1708 1.5398 
40 .7030 .9884 1.4061 140 I .

7623 11.1778 1.5450 
50 .7050 .9942 1.4101 50 .7642 1.1847 1.5504 

i i I 
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OARNEGIE, PHIPPS &. 00" LIW'l'ED. 

NATURAL SINES, TANGENTS AND SECANTS, 

( COYfl/<iUW. ) 

!leg. ixa.1 Sine. ITangeDl
'

8eeazJ1. .... 1_ 1 Sio •. "1""",1"",-;:-

60 00 I .7660 1.1918 11.5557 

-,---:----
55 00 .819ll 1.4281 I.UU 

to .'''' 1.1988 1.56U to .8208 1..(370 1.7507 

" ., .. "''''' 1.- " .822.\ 1.«60 1.7581 

30 .7716 1.2131 1.5721 SO .8241 I.- 1.7655 

" .77115 I"'" urn " .821;8 l..(64J 1.77» 
00 .7753 "'2,. I.- 00 ..,,< l..(733 I."" 

6' 00 .Tn! 1.2349 1.59'JO 6. 00 .8290 l..(826 1.71183 
I' .77» 1.2<23 1.59.(8 I' .8307 1.4919 1."" 

" .7808 1.2<" I."" " ."'" 1~13 1_ 

80 .782Il 1.2572 I. ... 30 .... 1.5108 1.8118 

" .7844 I .... ' 1.6\23 " .8365 1_ 1.8198 
00 .71183 1.2723 1.6183 00 .8371 1"'1 1.8279 

62 00 .7280 1.2729 1.6243 67 00 .8387 1.5399 1.8361 
I' .7898 I."" 1.6303 I' .2<" 1.54" 1.8«3 

" .79\6 1.2'l54 1.111165 20 .841' 1.65" 1.8527 

80 .7934 1.3082 1.6427 80 .8434 1_ 1.8612 

" ."'1 1.3111 1.6489 " .8400 1.5798 1.8&99 
00 .7969 1.3190 1.6653 00 .84" 1.5900 1.8783 

6. 00 .7280 1.32711 1.6616 68 00 .1141111 1.6003 1.8871 
I' ."" 1.8351 1.6681 I' .8496 1.6107 I ... ' 

" .8021 1.3432 1.6746 " .8511 1.6213 1. ... 

OJ .8039 1.351,( 1.6812 " .8526 1.6319 1.9139 

" .8066 1.3597 1.6878 " .8M2 I."'" 1. .... 
00 .8072 1.'" I."" 50 .&15, 1.6634 1._ 

M 00 - 1.8764 1.7018 60 00 ."72 1.6643 1.9416 
I I' .8107 1.88(8 1.7081 I' .1I58Z 1.6753 t.951t .. .8124 1.8934 1.7151 20 .8601 1.686< 1._ 

" .81<1 11.<'19
1
1."'" I OJ .8616 1.6977 1.9708 

" .8158 1.4106 1.7291 
l ~ 

.8631 1.7090 1.9801 
00 .8175 1.4193 11.7362 .8646 1.72110 11.9000 

I 

1 ",. 



r 
CARr...,""- :- ""PP'" .y 00., LIMITBD. 

NATURAL SINES, TANGENTS AND SECANTS. 

. (COSTlNUI[D.) 

.... boo. Sine. ITangen , """ .... .... Sine. ""'" """ - - ------ - - ------
eo 00 .... 1.7321 '.0000 6. 00 .- 2.1«5 ,."" 

10 ..." 1.7437 2.0101 10 .9075 2.1609 2.8811 ,. • 8689 1.7556 , ..... ,. .... f.rm 2.3961 .. .810< 1.7675 '.OOl8 .. .9100 2.1943 2.411'" 

" .8118 1.7796 2.lMt3 " .9112 2.2113 2.4269 
50 ..", 1.7917 2.0519 50 . 9124 , .... ,.-

61 00 ...,46 '.8040 2."'" 66 00 .9185 '''00 2.4586 
10 .8700 1.8166 '.0736 10 .9147 >2'" 2.4148 ,. .8". ,.829, 2.0846 20 .9159 2.2817 2.4.912 

I .. ...". 1.8-1.18 2.0957 .. .9171 2.29\18 '.5078 

" .... 1.8M6 2.1070 " .9182 2.8183 2.5217 
I 50 .8816 '.8676 2.1185 50 .9194. 2.3369 2.M19 

"" 00 .... ,- 2.1301 67 00 .9205 2.3559 2.5593 
10 ..... 1.8940 2.1418 10 .9216 2.3'750 U770 
20 .8857 1.9074 2.1537 20 .9228 2._ 2.b941l .. .8870 1.9210 2.1657 '" .923'l U141 2.6131 

" .... 1.9347 2.1786 " .92.\Il 2.43(2 2.6316 
50 .88117 1."'" 2.1902 50 .926' 2.4M5 2."'" 

6S 00 .8910 1._ ,- 6. 00 .9272 2.4751 2.6695 
10 .8923 1.9768 2.2103 10 ."'" 2,4960 2 .... 
20 .8936 1.9912 '''''' 20 .929' 2.5172 2.7085 

'" .... , .00;7 2.21.12 '" .1I11Il4 ,."" ,."" 
" .- '.020< , .... , " .9315 2.5606 2.7ol88 
50 .8975 , .... ':om 50 .... 2..,' 2.7695 .. 00 .891111 2.0503 2.2812 6. 00 .9336 2.6051 ,.-
10 .000' 2.0655 '294' 10 ."" '.627'l 2.8117 

'" .9013 ,."'" ... '" '" .9356 2.6511 ."" .. .0026 '.0961i '.3228 .. .9867 2.6746 '''''' - " .... 2.1123 2.8371 " .9377 '.6985 '.8771> 
50 .905, 2.1283 2.8515 50 . 9387 ,.ms , .... 
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OABNBGIE. PRIPPS 45 00., LUIlTBD. 

lfATURAL BINES, TANGENTS AND SECA1fTS 

(CONTINUED.) 

.... ' ... .1 Sio. T&IIgu. , ""'" .... IIio . Sine. "-,""" _ 1 _ _ -

70 00 .9397 t.7475 2.ms 7. 00 .965' 3.7321 '.8637 
10 ."07 •. "" 2.Gm 10 .0067 8.7l60 8.9061 ., .9417 •. -2.9718 '" .967' B."'" .,," 
80 .9426 .- 2.9957 30 .9681 •. -•. "" 
" .• ". •. "" S."" " .... 8.9136 •. -
00 .944B 2.8'170 0.01$ 50 .9696 8.9617 4.0859 

71 00 ."55 '.0042 :3.0716 7. 00 .97OS 4..01(11 4.1336 
10 ."" 2.9319 '.11977 10 .9710 4.0611 4.1824 ., .9-(74 2.!1B1l11 3.12« 20 .9'717 4.tl26 ."'" , 

30 ."" 2.00II7 3.1616 30 .om 4.1653 "'137 1 

" .9492 8.0178 3.1792 " .11730 '-2193 ..... 
" • 9502 S.IU75 S.207' 00 . .,., 42747 4.8901 

7. 00 .9511 B.1T7'I7 3.2361 77 00 .9'744 4.8315 ...... 
10 .9.20 S.I($( 3.2663 10 .9750 '.S1J37 .. "'" 
" ."'" S.l897 3.2951 20 .m7 U494 '.5604 

30 .- S.171B a."" 30 .9763 UIIJ? 4.6202 

" .954' ''''I S."" " .9763 .. '" 4.6817 
00 .- ,m1 3.3881 00 .9775 ..... '-1448 

73 00 .IW 8.2709 3.4203 7. 00 .9781 4.'1046 4.8097 
10 .",. B._ a ..... 10 . .,., ..,'" 4.8766 ., .- S.SoIO! 3.4867 " ."" 4.8430 

' "" 
80 .9588 •. "" S."" '" .9799 UI6Z 6.0169 

" . "" 3.4121 S.S5li9 " ."" ...... 5 .... 
50 .m 8.4495 3.5915 00 .9811 5."" 5.\636 

7. 00 .9613 3.4874 S."" 7. 00 .9816 5.1«6 '-"OS 
10 .. ," 8.5261 S."" 10 .- 5-""7 5."" ., .11628 ,."'" S."'" ., ."'" 5."'" 6.4026 

'" .9636 •. .., 3.7420 80 .m 5.3955 5.4874 

" .9644 S.6470 3.7817 " .... 5.tSl5 6.5749 
50 .9652 8.6891 •. "" 50 .984' 5.57M •. -

so, 



• 
OABNEU1E. P!HPPS_& 00., LIMITED. 

N A. TUBAL SINES, TANGENTS AND SECANTS. 

(co:ml'luED.) 

• ~,I s..., .... ,1Ii. Des. KID.. SuI .. . sm. . ....... , s..., 
1---- -'-

80 00 ..... '·""1'·"" 85 00 ."" 1\.438 11.'14 
10 .... b.769( 5.8554 10 .- "'" 11.868 .. .... fi.871S 6.9654. .. .- 12.251 1.2.291 .. .... 6.ms 6.0589 .. .9969 ,.'" 12..7.&5 

•• .... . ..... 8.1661 .. .997' 13.\97 ,..,. 
50 .M 6.1970 82m 50 .997' ,.,27 13.763 

81 .. .wm 6.3188 ..... 88 00 .997' IU)! 14.336 
10 .... , UMS 6.5121 10 .9978 tUU IU58 
20 .9886 •. "'" '.6363 20 .9980 IIUIOIi 16.637 .. • 98Ol 6.6812 •. - .. . '"" ..... , .... .. ..... 6.8269 '.8998 .. ."" 17.169 17.198 

" .9899 '.116132 7.03Il6 50 .9985 18.075 18.108 

82 00 ..... 7.1154 7.1853 87 00 .... 19.081 19.107 
10 .9907 7_ 7."" 10 .... ...... ."" 20 . !KI11 7._ 7.4967 .. .9989 21..470 21..(9f, .. ."1'- ,.'" 7.6618 OJ .9990 ..... ".m .. . 9918 7.771M 7 ..... .. .1l99ll ",.. "."" .. .... 7 ..... 8.01$6 " .9993 ...... 2U51 

83 .. . "" 8.1«S ..... 88 00 ."" ...... ...... 
10 ."" 8."" U!W.7 10 .- SUM! " ... .. ."" 8_ 8.6138 20 .9990 .... " ".380 
oo .... 8.7768 8.8887 oo -::m 88.188 ..... .. . "" '.0098 ,."" .. 42.\164; (2.978 

" ."" " ... , ..... .. .9998 49.11M 49.m .. 00 ."" 9.1)W, ,- 89 00 .9998 51.290 '"'' 10 ."'8 ,."" , ... , 10 .- ".750 68.Th? .. 
. "" 10.0780

1

10.1275 .. ."" 85.94.0 85,\\4.6 .. ..... IO.38M 10 . .(884 .. 1.0000 t 1.(.589 t1U93 .. . ,,"7 lO.7IUltO.1585 .. 1.0000 171.885 171.888 .. .m H.OO9TI.1~ .. 1.0000 UlI.m 143.715 

90 .. 1.0000 TnADi\e • !ohi" 

"'" 
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SQUARES. CUBEB AND RECIPROCALS. 
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CARNEOIII: PHIPPS!& 00., LIMITED. 

SQUARES, CUBES AND RECIPROCALS--Col'fTtNUED . 

. -• (I()(lt'UI92: .-.009615i86 

.ooe.;~IO 

.""''''''' 11 796 418 . 006C \ I)25f 

.000015m ...... . -~ .0092;92if1 ,. 89-H312 .000000\H 

.00&174312 4 Ql9 6J"8 .-."""'"'"' ."""" .0002-)(0» .....,. ". 4 173 281 .0000ZlI180 

.008II"&11 .~ 4\15168 .006172S40 
.fO!IS.l95.>8 'M 4 Q)747 .0U61349!r11 
.00Em11O) ,~ 4411)9--11 .IXIOOI); 1161 
.0000000000i :l7'J 4.f92 1:!5 ."""'"'" 

4 674 296 
4651461 
4741/13! ...... 
49180.,(1 

'" 1;000 211 , .. 5 088 H~ 'W I; 111117 ." 5 \JI8 11"14 

"" 6 859 875 

'" 5451778 .00>631818 

'" "'"'' .0.61111718 

'" I; 6'19 75'J .00661<11M 

"" Ii 73.'; 1I:19 .OOMotI5Q2 ." ...... ."'""'" 
5 929 741 
61):':6568 
6 \28 4117 

"" ... 6 ilJl 6:!5 

S 4(; .. , .. , 
857 ' 

'" 



CARNEGIE. PHIPPS & CO •. UM1TED. 

SQUARES, CUBES AND RECIPROCALS-CONTI~U!:O . 

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

~, 

'" '" u; 

'" ~, 

'" l:! 

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

• 004421r.11 
.0014ffi286 
.OO~'I85OO.,'; 
.0.K366812 
.00 1.34711!!A3 

I 2 826 891 . 004.'DlI)).l 
12487 UB .OOIJ IOO15 
1~6j9~1 .O"~11Wi 
128129114 .00127~ 
12 ~n 87.; .00i256S19 



CABNlWlB, PHIPPS IJI 00 .. lJKlTIID. 

SQUARES, CUilES AND RECIPROCAL5-Co:''TINu£D. 



OA.B.NEGlB. ; L ;1'1'8 &; CO .• L.L:IoIlTBD. 

SQUARES, CUBES AND RECIPROCALS-CoKTINmD. 

." ... .., 

." .., 

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



CA..RNEGI;, PllIPP:-; & CO" LIMlTmD 

SQUARES, CUBES AND RECIPROCALS--CoNTImm>. 

'" .. 
~ .. 



, 
4-------------------~ 

CARNRl"i!R. PWPPS &: 00., LUIllTSD. 

SQUAKES, CUBES AND RECIPROCALS-CoN"TIIIo"UKO. 



CA -«HI.::, PHIPPS&: 00. t.:M! I'llD. 

, SQl:ARES. CUBES AND RECIPROCAl..S-CosTlNum. 



OAHNEtHE. PHlPP:; <'II 1.."'0., Ll.M.ITIIID. 

SQUARES, CUBES AND RECIPROCALS-Col'fTlNur.o. 



SQUARES, CUBES AND RECIPROCALS-CO",-rINU&D. 



CARNEGIE, PHIPPS ,. CO~ LIlIIIlTBD. 
-'I 

DECIMALS OF A FOOT FOR EACH ;~ OF 
AN INOH, 

l~' 0" 1" .n ~l~ ." -
0 0 .0833 .1667 .2500 .3333 .4167 

;'{ .0013 .0846 .1680 .2513 .3346 .41SO 
002. .0659 .1693 .2526 .3359 .4193 

/, .0039 .0872 .1706 .2539 .3372 .4""" 
-h .0062 .0885 .1719 .2562 .3386 .4219 

~ .006" .0898 .1732 .2565 .3398 .4232 
.0078 .0011 .1745 .2678 .3411 .4246 

'i' .0091 .0924 .1758 .2591 .3424 .42 •• 
.0104 .0937 .1771 .2004 .3437 .4271 

I, .0117 .0951 .1784 .2617 .3451 .4284 

~ 
.0130 .0964 .1797 .2630 .3464 .42.7 
.0143 .0977 .1810 .2643 .3477 .4310 
.0156 .0900 .1823 ,2656 .3490 ,4323 

II ,0169 .1003 .1836 .2669 .3603 .4336 

~ 
.0182 .1016 .1849 .2682 .36 16 .4349 
.0196 .1029 .1862 .2695 .3529 .4862 
.0208 .1042 .1875 .2708 .3542 .<37 • 

l! ,0221 .1056 .1888 .2721 .3055 .4388 

~ 
.0234 .1068 .1901 .2734 .3668 .4401 
.0247 .1081 .1914 .2747 .3581 .4414 
.0260 .1094. .1927 .2760 .3594 .4427 

1\ 
.0273 .1107 .1940 .2773 .3607 .4440 
.0286 .1120 .1953 .2786 .3620 .4453 
.0299 .1133 .1966 .2799 .3633 .4466 

I 031' .114.6 .1979 .2812 .3646 .4479 

U 
.0326 .1159 .1992 .2826 .3659 .4492 
.0339 .1172 .2005 .2839 .3672 .. """ .0352 .1185 .2018 .2852 .3685 .4518 

i. .0365 .1198 .2031 .2865 .3698 .4531 

I} 
.0378 .1211 .• - .2878 .3711 .4644 
.0391 .1224 .2057 .2891 .3724 .45117 
.0404 .1237 .2070 .2904 .3737 .4570 
.0417 .1250 .2083 .2917 .37M) .4683 

81 8 



II'" 
CARNBOlE, PHll'PS "" 00., LlKl'l'lID. 

DECIMALS OF A. FOOT FOR EACH .', OF 
AN INCH. 

b "'- 6" 7" 0" 0" 10" It" 

0 .6000 .6833 .6667 .7500 .8833 ·9167 

::; .5013 .5846 .6680 .7513 .8346 .91SO 
.5026 .5869 .6693 .7626 .8369 .9193 

::: .5089 5872 .0706 .7539 .8372 .9206 
.5052 .6885 .6719 .7552 .8385 .9219 

h .6065 .5898 .0732 .7665 .8398 .9232 

t .5078 .5911 .6745 .757S .8411 .9245 
.5091 .6924 .6758 .7591 ."24 .9258 
.6104 .5937 .6771 .7604 .8437 .9271 

~ 
.5117 .5951 .6784 .7817 .84fil .9284 
·5130 .5964 .6797 . 7630 ..... .9297 
'5143 .5977 .6810 .7643 .8477 .9310 

h .6158 .6990 .6823 .7666 .8490 .9323 

* 
.5169 .6003 .6836 .7669 .8500 .9336 
5182 .6016 .6849 .7682 .8516 .9349 
. 6195 .602 • .6862 .7695 .8529 .9362 

I .6208 .6042 .6875 .7708 .854' .9376 

~ 
.5221 .6055 .6888 .7721 .8655 .9388 
.S234 .6060 .6901 .7734 .8568 .9401 
.6247 .6081 .6914 .7747 .8581 .9414 
.15:2:60 .609' .6927 .7760 .8694 .9427 

H 
.5273 .6107 .6940 .7773 .8607 .9440 
.6286 .6120 .6953 .7786 .8620 .9453 
.5299 .6133 .6966 .7799 .8633 .9466 

I .5312 .6140 .6979 .7812 .8646 .9479 

U 
.5326 .6159 .6992 .7826 ..s659 .9492 
.5339 .6172 .7005 .7839 .8672 .9505 
.5352 .6186 .7018 .7852 .8685 .9518 

n .5366 .6198 .7031 .7865 .8698 .9531 
• 

ij .5378 .6211 .7044 .7878 .8711 .9544 
.5391 .6224- .7057 .7891 .8724- .9557 
.6404 .6237 .7070 .7904 .8737 .91570 
.6417 .6260 .7083 .7917 .8750 .9583 

.>4 



OARNEUIlII, PHIPPS & CO., LlMIT1tD. 

DECIMALS OF A :i'OOT FOR EACH -h OF 
AN mcR. 

""'. 0 " 1" 2" S" 4" 5" 

---

II .0430 .1263 .2096 .2930 .3763 .4596 
.0443 .1276 .2109 .2943 .3776 .4609 
.0450 .1289 .2122 .2956 .3789 .4622 

I, .0469 .1302 .2135 .2969 .3802 .4636 

II .0482 .1316 .2148 .2982 .3815 .4648 
.04.96 .1328 .2161 .2996 .3828 .4661 
".,,0 .1341 .2174 .3003 .3841 .4674 

I .0521 .1354 .2188 .3021 .3854 .4688 

~ 
.0534 .1367 .2201 .303' .3867 .4701 
.0647 .1380 .2214 .3047 .3880 .4714 
.0560 .1393 .2227 .3060 .3893 .4727 
.0573 .1406 .2240 .3073 .3600 .4740 

II .0586 .1419 .2253 .3086 .3919 .4753 
.0599 .1432 .226" .3099 .3932 .4766 
.0612 .1445 .2279 .3112 .3945 .4779 

I .0625 .1458 .2292 .3125 .3968 .4792 

~ 
.0638 .1471 .2305 .3138 .3971 .4605 
.0651 .1464 .2318 .3151 .3984- .4818 
.0664 .1497 .2331 .3164 .3997 .4331 
. 0677 .1510 .2344 ..3177 .4010 ...... 

U .0690 .1523 .2357 .3190 .4023 .4857 
.0703 .1536 .2370 .3203 .4036 .4870 

It .0716 .1549 .2383. .3216 .404 • . 4883 
I .0729 .1562 .2396 .3229 '4062 '4896 

11 
.0742 .1576 .2406 .3242 .4076 .4909 
.0766 .1589 .2422 .3255 .4069 .4922 
.0768 .1602 .2435 .326R .4102 .4935 
.0781 .1615 .2448 .3281 .4116 .. 948 

II .0794 .1628 .2461 .3294 .4128 .4981 
.0607 .1641 .2474 .3307 .4141 .4974 
.0820 .1654 .2487 .3320 .4154 .4987 

1 

3>5 



,. 
OARNt't1"" ''''flPPS 41 00 .• LIloll'nID. 

-

DEODII6I,s OF A FOOT FOR EAOH }r OP 
.AN INCH. 

---
1Mb. 6" 7" 8" ." 10" 11'" 

-

~ 
"'30 .6263 .7096 .7930 .8763 .9596 
. ti~43 .6276 .7109 .791l3 .8716 .9609 
.6456 .6289 .7122 .7966 .8789 .9622 ..... . 6302 .7135 .7969 • 8802 ..... 

IJ 
.6482 .BSHi .7148 .7982 .8816 .9848 
.M95 .8328 .7161 .7995 .8828 .9661 
.'508 .6841 .7l74 .8008 .... , .9674-
.6521 .6354 .11SS .6021 ..... ..... 

II 
. 6634 .6367 .7201 ,.,. . .8867 .9701 
..6647 .63BO . 7214 .80<7 .8880 .9714 
.. 00 .6393 .7227 .0000 .8893 .9727 
.5673 .6406 .7240 .0073 .8006 .9740 

lJ 
.IUS8e .6419 .7253 .8ose .8919 .9763 
.5599 .6432 .7286 .8099 .8932 .9766 
.6819 .6445 .7279 8112 .8945 .9779 
.6625 .6458 .7292 .8125 .8968 .9792 

~ 
.5638 .6471 .7305 .B138 .8971 .9806 
litun ..... .7318 .8161 ..... .9818 
.6S64 .6497 .7SS1 .8164 .8997 .9831 
.6677 .6510 ,7344 .8177 .9010 ..... , . 6690 .6523 .7357 .8190 .0023 .9857 
.5703 .6536 .7370 .8203 .9036 .9870 
.5710 .6M9 .7383 . 8216 .904 • .9883 
.6729 .M62 .7396 .8229 .006' .9896 

~ 
.6742 ,6576 .7409 .8242 .9076 .9909 
.6765 .6589 .7422 .8255 .9089 .9922 
.5768 .6003 .7435 .8288 .9102 .0935 
.5781 . 6616 .7448 .8281 .9116 ..... 

U 
.6794 .6628 .7461 .8294 .9128 .9961 
.6807 .6641 .7474 .8307 .9141 .9974 
.6820 .0684 .7487 .6320 .9164 .9987 

' .0000 
I 

-
a.o , _. 



OARNBOlZ, PHIPPS til OO~ LlKITBO. rl 

DECIMALS OF .AN INCH FOR EACH nth. 

I ~ ...... 1 """"'- """,, nw.. 
--

...... o.;,w. ""'" 
I .015626 "" .616625 

1 2 .00126 17 .. .1S312t5 
3 .046876 35 .&468'75 • • .0625 1-16 18 38 .5625 9-16 

5 .078125 37 .1578126 
3 6 .09376 ,. 38 .693715 

7 .1093715 3. .609375 • 8 .1215 1-6 20 40 .625 5-8 

• .140626 41 .840626 
5 10 .16626 21 42 .85625 

11 .171876 43 .671875 
6 12 . 1875 3-16 22 .. .6876 11-16 

13 .203125 .5 .703125 
7 ,. .218715 23 '6 .71876 

15 .2843715 47 .794876 
8 16 .25 , .. .. 48 .75 S-4 

17 .265625 .. .765625 • 18 .28126 25 /lO .78125 ,. .296875 51 .7968715 
10 20 .3126 5-16 26 52 .8125 13-18 

21 .328125 53 .828125 
11 22 .34376 27 •• .84876 

2. .3593715 •• .859375 ,. .. .375 3-8 28 .6 .B75 7-8 

25 .390625 57 .890625 
I. 26 .4082' 2. 58 .906215 

27 . 421875 5 • .921875 ,. 28 .4375 '·16 30 eo .9375 15-16 

2. .4l)3126 61 .963125 
15 30 .46876 31 62 .00876 ., . 484375 6 • .984876 
16 32 . " I·' .2 .. 1 • 1 

817 



O.6.BNBOIlI, P1llPP8.& 00., LlJallTBl). 

MENSURATION. 

LENOTH. 

Circumrerenee or tirde = diameter X 8.1416. 
Diameter of cin;le _ circumference X 0.8183. 
Side of square of equal periphery as circle _ diameter X 0.18M. 
Diameter of ci rcle of equal periphery as square _aide X 1.2732. 
Side or aa inscribed square "'" dilmeter of circle X 0.7071. 
Lcn~h of arc _ No. or degrea X dillmeter X 0.0m?27. 
Oreumference or circle .h05e diameter is 1 _ 

.. = 3.14159266. 

....!..._ 0.31831D. 
• 

....!..._ 0.101321. .' 
I 

v-;--O.66U90. 

" or, .. cry nearly, - 8 .. O_Vrl_"i-{r_ .. ) 

II c' 
r l _,or, 

AREA . 

"" " ne:lrly, =-"'8r" 

Triangle _ base X half perpendicular hight. 
hrallelognm _ base X perpendicular hight. 
Trapc:tOid _ half the lum of the parallel .idea X perpen· 

dicular hight. 
TrlIpeullm, found by dividill( into t .... o triuglu. 
Circle _ diameter sqllued X 0.78&Ii or, 

- circumference squared X 0.07Ii68. 
Sector or circle _ length of an: X half radius. 

S18 \ .. 
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CABIO';(j!J': PIIIPP~ & CO .. LUJtTIt'D. 

MENSURATION- Continued. 

&-(Dlenl of circle _ area of Kctor leu triangle; abo, for 

h -V0388 ,+~ flat .egmen~ very nearly EST . v f 

Side of Iqua~ of tqllal area as circle _ diameter X 0.8862; 
also, _ drcumre~nce X 02821. 

Diameter of circle of equal area ... square _ side X 1.t!84. 
P:uabol. _ base X % hii:ht. 
Ellipse _ long diameter X $hort diameter X O.7BM. 
Re~lar polygon _ lum of aides X half perpendicular dillance 

from center to aides. 
Surface of cylinder """ drc:umfercnce X hight X area of both 

(lid .. 

Surface of Iphere _ diameter $(jn.red X 8.1<116; 
also, _ circumference X diameter. 

Surface of. right pyl'1UJ1id or cone ~ periphery or circumference 
of base X half slant hight. 

Surface of • frustt\lm of • regular right pyramid or cone _ Will 

of periphmci or circumfen:ncetl of the two ends X half 

lil::ulI hiGht + area of both end •• 

The following formuIz arc IlSed to oblain the . .. us of 

irregular plane ,unac~ ... hkh are bounded by a t.se line, "N," 
and two ordin&tet ..... " and "6," u per figure. 

.£{ 't--.-.--:-(' ~ : 
~.i 

. , 
n 

.c -<!:::;7~.;,=:;,7=;:.=:;~~::i,L-'--l_'-.L":" -'--'{" 
The ronnuUe 1I.l'e gh-en in the order o r thei r atcunl(:Y, be· 

giflning with the most accurllte. 

The IiIInate il divided into any number (II) or paraIlel ltri~ 

ho.villg the s:une widths, tI, fond whooe middle ordi ll.l.tet are 
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OARNEGIE PHIPPS a. 00., LJ:MITaI). 

MENSURATION-Continued. 

d d 
L Area_d X ::Il h +n(S" + h.-9 b,)+~8b+b,;:;9h.) 

(F .... ncke'. rule.) 

II. Are._d X::<lh 
d d 

+12(& - h,) +12(b-h. ) 

(Ponetlct'. rule. ) 
III. Arca_d X ::<lh. 

These fonnll}z are II>()U convenient for use than Simpson's 
rule, aod 1 and II give geDerally aDd III sometimes man 
.ccllrate results. 

::E stands for I"" tif. 

SOLID CONTENTS. 

Prism, rillbt or oWiquc, "'" area of base X perpendicular hight. 
Cylinder, right or obl ique, =- area of section .t right anglet ~ 

l idel X 1cn&tb of side. 
Sphere _ di:l.metcr C\lbed X 0.5236 . 

• 110, _ l urface X }4 diameter. 
Pyramid or cone, right or obliqllc, re£Ular or irre~. _ area 

of blue X M perpendicular bight. 

P1US)lOIDAL F oun1l"", 

A prismoid is .. solid bounded by six pt..nc IlUrfaees, only 

two of which are plrallcl. 

To find the contents of .. pdsmoid, add together the areas of the 
two pan.llcl surfaces and four times the area of .. s.ectiO!l 
b.kcn midway between and parallel to them. and lr!:lItiply 
tbe 10m by }f.th of the perpendicular distance bet1r~n the 
paB-lIel fUrfaces. 

320 



CA RN?(;'F.. PHIPPS &: 00 .. !.IM:n~D. 

WEIGHTS AND KEASURES. 
-

AVOIRDUPOIS OI ORDINARY COMMERCIAL WEIGHT. 

U!'IITUl ST.4.TItS .4.~" IIITISn. 

~ - "" ... 0.-

1. ... "., . ,...,. 
0.000 1. 112. ".,. 

0 .... 1. 1< 
0."" 1. 

1 pound - 'l'l.7 cubic inehel of distilled .... ater at its maximum 
density, (S9'" Fah~nheit.) 

LONG MEASURE. 

UNITE!) ST.4.T'U .4.SD aIITlSll. 

-
J<il& ""'- y""" "" t.oh& 

1. .... I"'. ...... -. 0.001125 1. ••• 1'-' IIIl 
0.""'" 0.1818 I. t .. 
0.0001894 0.0006 0."" 1. I. 
0.0000158 0.000061 0."'" 0 ..... I . 

The Brilish measurel are Ihorter than those of the U. S. by 
.bolll 1 ~ in 17210 or l577 incht'S in a mile. 

A fathom.". I feet. A Gunter'. su!'Veying chain _ 15 reet 
or 4 rods, 80 ehaiM making a mile. 

SQUARE OR LAND MEASURE. 

UNITED ST.4.TU ASD aroiTISIi. 

Sq.Kil .. ""'- "' ...... ",.1""· 1 Sq. reel Sq.lDch .. -
"":'I: 1. .... 102<00. ".".., . 

1. leo. ...... ..".... 
1. OJ ... "' ... ..... 
0.0331 1. '.0 I .... 

0,111 1. I ... 
0._ 1. 

3~1 



OARNI :orm, P81PPS &: 00 •• LUtIT&D. 

WEIGHTS .Al{D JlEA.SURES-Continued. 

-
CUBIC OR SOLID MEASURE. 

WITtO STATU A.}fD UITISH. 

17!8 Cllbic inches _ 1 cabic foot. 

f7 cubie fed. _1 cabic JUd. 
A cord of ....ood _ 4' X 4' X&"- 1!8 cabic feet.. 

A perch of masonrr _ !tIN X t.6' X t' - u.~ cabic fed, 
but is &enually aaurncd at 25 cubic feet. 

DRY MEASURE. 

Ul'flTtO STATa ONLY. 

8trlckBuh P ..... - "' .. "'""'. Dabie IDdt. 

1 • .. .. • 2160 . 
1 • 16 2. 5S7.' 

1. , 0-'6 .7> 
0.' 1 0.1.26 8 .. 
~ 8 1. .... 8 

A pilon of liquid measure _ 231 cubic inches. 

A heaped bushel - 1:.( struck bushel .. The cone in a heaped 
bwhel mlUt be not leu than 6 inches high. 

A burel of U. S. hyd~ulie eement _ aoo to 810 It.., usually. 
LIId or £;enuine Portland «men! _ 42S Ibs. 

To reduce U. S. drr measures to British imperial of the_e 
-..ne, diride by 1.0S!. 

NAUTICAL MEASURE. 

A ftal1tical or lea mile is the Jenp of a minute of loogitude 
of the earth at the equator at the krel of the sea.. II is assumed 
_ 6(lI6.07 fed. _ t.1~ statute or land miles by the United 

51 Ilet Coast Sune}' . 

• naatieal miles .... I ltapt. 

8:.lSl 



OARNEGIE, PBlPPB at 00., LIMITED. 

COMPARATIVE TABLE OF 

UNITED STATES AND FRENCH MEASURES. 

MEASURES. No. 

One grain"", gnt.mme, · · · 0.0648 
One pound a\'oirdupoi! _ kilogramme, · · 0.4li36 
One ton of 2240 lb!. _ tonnes, · · 1.0100 
One ton of 2000 lb!. _ tonne, · · · 0.0071 

One inch =0 millimetres, · · · 215.400 
One foot =- metre, · · · · 0 .3048 
One mile =- kilometres, · · · 1.6094. 

One square inch _ square millimetres, · · ..... 
One square foot"'" square metre, · · 0.09291 
One acre .... are (100 !;o(!uare metres), · · 4tJ.47 
One square mile _ I(luare kilometres, · 2.590 

One cubic inch _ cubic centimetres, · · 18.39 
One cubic foot""" cubie metre, · · 0.02882 
One cubic yard .... cubic metre, · · · 0.7646 

One quart dry measure _litres, · · 1.101 
One quart liquid or wine measure _ litre, · 0 ..... 

One foot pound .... kilogrammetre, · · 0.1383 

One pound per foot _ kilogramme& per metre, · 1 .... 

One thousand pound.J per sqll..:lre inch_kiJogramme 
per $quare millimetre, · · · 0.703 

One pound per square (00' _ kilogrammea l"" 
sqll..:lrc metre, · · · · 4. ... 

c 
One pound l"" cubic (00< - ki!ogrammes l"" 

cubic metre. · · · · 16.02 

One degr« Fahrenheit ... degree centigrade, 0.15556 

8 .. 



CARNBGU:. PHIPPS & 00 •. LllIUTBD 

COMPARATiVe; TABLE OF 

P'RENCH AND UNITED STATES MEASURES. 

MEASURES. No. 

One gramme _ l:Tl'inl , - - - 16.433 
One kilO{:l'llmme _ poun& avoirdupois, - - 2.2047 
One tonne _ tom of 2240 Ib$. - - 0.9M3 
One tonne _ tons of 2000 100. - - - 1.1024. 

One millimetre _ inch. - - - 0.0394. 
One metre _ feet,. - - - - 3.280'1 
One kilometre _ mile , - - - 0.6213 

One lIquare millimctre _ square inch. - - 0.00165 
One square metre _ square fect, - - 10.763 
One are ( 100 square metres) _ acres, - - 0.02471 
One square kilometre _ square mile, - 0.3861 

One cubic centimetre _ cubic inch, - 0.0610 
One cubic metre or stcre __ cubic feet , - 35.3105 
One cubic metre _ cubic yards, - - - 1.3078 
One litre (one cubie decimetre) _ cubic inchC$, 81.017 
One litre _ quarts, dry measure, _ - - 0.908 
One litre _ quarts, liquid or wine measure, - 1.0666 

One kil~tre _ Coot pounds, - - 7.2331 

One ki1ogra.mme per metre _ pounds per foot. 0.8720 

One kilogramme per lIquare millimetre _ pounds 

per square inch , - - - - , ... 
One kilogrammc per square metre _ pounds per 

square fool, - - - - 0.2048 

One kilO£rammc per cubic metre _ poundJ 

'" cubic foot. - - - - 0.0624 

ODe dqTeC «ntpce _ deerees Fahrenheit, - 1.8 ... 



CARNEGIE, PHIPPS .,. 00 .• LDIITED. 

INDEX_ 

,-
Atriev.ltlU&l steel . . 

Anglts, an!at of. . . 
.. deflection ooefficienu for 
.. litbognophs, bulb. . . 

(see mill«lIaMOWl) ... 
'"S 
'S 

" 
_. 

" 
_. 

" 
" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

" 
" 

" 
" 
" 
" 
" , 
" 

c:over 
equal legs 
Iocomocive 

""'~ ..,. 
spe<:ial . . ... ~-
unequalltgs 

properti~ of, exampl~ of 
properties, explanation of t.bles . 
properties of bulb 

" "equal legs.... 
" " llDequ.a.1 l~ . . . 

radi i of gyn1tion of two back to baclt 
rivet spoaeing for c:oooed.ion . . . . 
" .. " o;:hanoeiJ and Q)Illlection . 

" " " I ·beams and ooo.oectioa . 
&afe loads, bulb . . . • • • . . . . • 

" cqll.ll~ ...... . 
" "nequal legs, long kg «rtical 
" .... short.. .. 

.... eights and dimcoaiorl$ of bIIlb 

" 

" 

" 
" 

" 

" 
" 
" 

=u 
equal leg. 
locomotive • 

.. obtuse. 

&afe •••• 

" """" " *l1W'e root . 

" unequpJ lell'-
Areas and eirC:lll1lKnmC5 of ci«:1a 

(see .pedal) .... ,., 
(!ee special) 
(II« special) 
(see special) 

,8 
J6-37 
31-35 

13 1- 132 

1 29-132 

'4" 
' 49 

147-148 
'08-= 

8. 
S, 
8, 
'" ,,6 

'" ,,8 
6. 

(see spc<:w) 
6,-<8 

(see spe<:ial) 
(!ee special) 
(II« special) 

68 
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OA.aNlDGlB, PHlPP8 41: 00 .. LtMInD. 

f'AC"_ 

Sa, iron, weighu and ll1e~ of , . 2SS-260 
" dimen!oion of " · rule for findillglhc a ru given the "eighl,'ficc"en.a ". Beams, ~nding moments and Mfl«tions of, under '"._ 

no'lll S)"sttllll " looding . .,. 
" c,..n'l>les of application oftablHon foundations .6, 
" " " " properties of 13 1- I J2 

• • " " "r. , .... .... spacings. 10 3-104 
, " crpln.nntion of tables 10 1- 102 

" .. " properties . 129-13 2 

" IItJ(ute o. any C1'OIII Hctioo . , ' JJ .. ir>ertia, momma of 13S-136 
" lilhognpb or deck •• 
"- .. girden 9J · .. " iron I . . · . 8-., 
" " $l«1 I .-, 
• litbogTaph of plow 55 
" method of framing 9J 
" " in~lI~in g settional arC4lI . 80 

" notes on wooden . ". 
" prO!~rtieil of deck .,. 
" " iroo I . . IJ&-139 
" " Itee] I · IJ7-IJ8 

" "yct ,pacing . " " Jatc loads deck '" " " IbuDdaliom . . , . 68 

" " iron I 109-111 

" " Ott ' I 106-108 

" " wooden ", 
" ~eing of ~I I , for unilOnn """ 12 1- 121f ,. ~al ~ of loading ." 
" .... eighl5 and dimetaions of deck . ., 
" " .. iron I . • • 
" " " steel I 60 

" " " plow " Uicycle ti~ (>« gNQVn) 

3 .. 
'-



PAG&. 

JIolu, .. eights of round headed • 261 
.. lIquare heads. 262 

n .... weights of aheet. . . • . 271-272 
Brickwork, " 'eight of walls. . 100 
Bridge pin D\l1St aizoe. and weights 269 

truMel, uplan.lion oft.hles of Pratt andWhipple :109-2 10 
.. .. table of stresses for Inti and Whipple • :U 1-213 

Il"c\.:ied plates, u plllflition of . 205 
.. .. .. re loalb . . 205-206 

Ilulb ban, \itbctr'aph of . . . ' 4 
•• properties of 140 

Carnegie shApes, gener1ll notes on 94, 99 
" " uplUllltion of table. on properties o f li-132 
" " method of increasing sectional areas. 80 
.. •• IlIOIl1en15 0/' inertill for. • • • • • J 135 

yulk steel. ............. (see ¥.'..ecial tea) 
Cbannels, deneaion coefficients for lOS 

.. u ilianation of !abies of properties . 129-13:1 
~ lithograph of car truck 2J , 
" , 
, 

" 

.. iron ... .. • ~1 

.. unequal Aan&:tI 23-24 
properties of iron . 14:1-144 

•• $led '41- 142 
rivet spacing 84 
sare loads, neel 11 3-114 

" weights.nd dimension. of car tnIck . 6J 
~ .. " iron... 64-
" " ., steel 6J 
" .. .. unequal Bange 6J 

Checl<ere:I. plate •... (see miscellaneous! 
ail) steel. . . . . (5« miscellaneous) 
Columns, an:u . nd dimensions of cast iron 201 

.. If "Keystone octagon 178 
II .. of Z-buiron • •... . 19]-196 
" II .. steel .. 179, 181,18], 185, 187, 189, 191 
•• connection. for Z-bar . . . . . . . . .. 91-91 

.'7 

It 



OARNBOIB, PHIPPS II 00 .. LWIT~~D. 

,,leE... 
Col~ dimension of z...b&riron 180, 182, 184,186, 188. 190. 192 

" " 0' steel 180, 182,184, 186,188, 190.192 
• uample oC appliwioo ohablos, 7 .... b&roolumnlo 177 
.. explanation 01" tables 011 z.blt c:oIUU1M 173- 177 

" lithogrsph of built sections 89 
.. .. connections foc z.ba.r oolumus 91-<)2 
.. notes on iron and steel, in fireproof buildings 169-172 
" rivel sl~ciug for Z.rnu- . (see dimensions) 

" S&fe la.ds, cl.St iron 30' 

" " Z.bar, iroo . 193-1¢> .. .. .. steel 179, 181, 183, 185,187, 189.19 1 .. ultimate 5trength oC cast iron 201 .. .. .. wrought iron • • t 97-1<}8 
.. " "wooden. . 230-23 1 
.. weights o f c:aSl iron 202 
" 01 z...bar, iron • 193-196 
I, " "!;teel 179, 181,1 83, 185, 187, 1119, 191 

Connection ang'eII, standard, for I -bealllS 81--82 
" ,. • .. 7,1...... 91-92 

Conventional signs for riveting 
Copper, wtightl of ~hett . _ 
Comi.pted flooring, dimensions of .. " DOtes OIl .. .. safe loads and weighu .. Iron, dimensions of 

' .. 
.27 1-27 2 

:103-2'04 

W3 
. 203-204 .,. 

.. .. notes on :%07 

.. pl .... es. dimensiom of • (_ m~lIaneous) 
., "Iithogr::zpbs 53 
" ,. properties of 153 

.. " weights of (5te miscellr.neoWi) 
Cover anglu . (_ special angles) 
Crown Ihape (5te misceliant0ll5) 

~dma1 parts of a foot for each i f of an inch 31 3-316 

" .< an inch for each n 317 
Deck beams (see beams) 

Detkctioo and bending IDODltDtI of beams under ".ri· 
nus ayKenI$ of loading 1]4 



OARN»GlB, PBlPP8 a 00.. LIJIl~. 

Defleetion coefficients {Of' Carnegie shapes . 
limit to be allowed for plastering 

J)oor lilI plllle!. . • 0 0 • • 

Dove·tail aections. 0 • • 

1-:xpnnsion, linear, of sub!itance. b} h eal 
Fence iron •..•.•• 
.Fireproof QlIIstruetioo lithograph . .. " 

I'AClK. .., 
10 1- 102 

<see misoe1laneoua:) 
(see .peci.&1 tees) 

'3' 
. (see gt'OO\'e5) 

87, lUI, 90 ..-.. 
l-1at rollw iron, ~&S of . • • . . 243-248 
" " " "'eights of . . . . 237-242 
" "lIee!. !.able of utreme length of 59 
.. " 0' weights of . . . . . . . . . l49-2S4 

l-1uureol beanuof an)' a"OIIleetions, gmen,l (OI't!lllbeOll 133 
"1001'S, general notes on . . 94-99 

.. load~ per SCjWll"e foot . 98 
" l illlOl,'fIlphs of . . . 87-88 

G.h·anized iron, ootet; on . 207 
Gal pipe, IllC' and weight of 273 
G.uge, American . . . . . 212 

" Binningham .... '71 
Girders. dimen$iotu and weights of Ked beam bo" •. 155-159 

'0 .. "of Keel riveted, ben: 

.. 

" 
.. 

and plate .. 0 

eumples of Meel beam boo: , , . 0 0 

" riveted, boll: and plate 0 0 

explanation of tables of !iteel beam boo: 

explanation of tables o f steel " ,eted bot 
plate. .. . .. 0 • 0 •• 0 0 

lithOQTUplu of steel beam and riveted . 

. 162-165 

' 54 
••• 
I.H 

"'" . 160-16. 

93 
0 ' notl"t on • 0 0 • 0 • 100 

Girders, .. fe loW., lor steel beam 0 0 • 0 0 0 155-159 
.. " " " 5teei ri\'eted lxn and plate 0 162-165 

Grate bu 0 • 0 • • • 0 0 • 0 0 0 0 (_ ~llaneotll) 

Grooves, dimensions of 0 77 

" lilhographs of 0 0 •••• 0 ••••• 49-51 
" weighu of . . . . , • 0 • • 0 0 • • • 77 

Guard rail . • . . . . , , , • • • • • • , . • (see raib) 

.20 



OAB:Nr'"..olE, PHIPPS at 00., l.Il<D'l'lI[D. 

Halftecs .• 
Hand nil . 
Ice slide. . 

'AG~ 

. (_~ angles) 
• (_ iJOO'"cs and .pecial tces) 
. • • .• (!ICC special teet) 

Inerti., moments of, for Carnegie ~ . I JS 
.< .. Cor usual sectiooa IJ6 

KeystOllc oolumnJ . . . . 178 

" column &egments. . . .. (~ miscellaneous) 

Logtrilhms of numbers . . . . 291- 29J 

Mcasures and weighu., United States and French, com· 
parative table of. . • . . 3'3 

" " French and United States, com
puativc table of . 3" 

. JIS--J20 
So 

t.I cmUlation • • . • • • • . • • . 
Methods of increasing sectional &ftU • 

MiKcUancous lItapes, dimcn$ion, of . 
" .. lithognphs of . 
.. "propcl1ies of (trough and 

gated platcl) . 

" wcightsof" ... 

Modulus of e\l.$ticity for eyebars 
" "for iron and steel 

' 53 
7S-79 

'33 
' 33 

Moments, bending, to be allowed on pins . 2 19 

" "and deflection of beams under uri-
OU$ systCIID of loading . 134 

" of inertia Cor Carnegie leCliont. . . . .. IJ5 
.. ., IliUaI 5CdioDs. • • • . • • • • I J6 

See also tables on poperties of beaml, channels, angles, etc. 
Naill, wrought, liles and weights of. . . . . 270 
Nub, liles and wcigbu. of hot p.--d hullgOD 264-
.." .. "aquaff 26J 
.. " " pin.. 269 
.',, " sleeve 268 

Obtl1$C Ilngln (ICe special) 
Ocuaon column segments, KeyslODe (see lllilccllaneous) 

Pillan, "".aden, notes on. . • . . .• 230 
" "table of ultimate strength .•.... 2J0-2]1 

Pins, bcarlD, uluc of, for oac inch thicJuu:as of plau= . 220 

330 
• 
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Pins, ~nding moments. . . . . . . . . . . . . 219 

I'in.nuts. sizes and weights of. . . . . . . . 2~ 

Pipe. wrought iron, welded. for gu, steam or water. 273 
Plastering, limit of deflection to allow tor. 10 1- 102 

Plate , checkered (sa miscellaneouI) 
" oorrugated (see miscellaneous) 
" door sill (see miscellaneous) 
" tread . . (see miscellaneous) 
" uough (see miscellaneous) 
" stal, e>:treme lengtbs of. . . . . . S9 

!'Iltes . . . . . . . (see flat rolled iron and $lcel) 
l'1ow ~ams. . . . . . . . . . . (see mi$CelllneoUll) 
Post shapes, patent • . . . ..... (see special tee$) 
Pratt tn>SS, e:rplanation of table on stresses for . . . 209-2 10 

" .. table of &tre$se:S in . . . . . . . 211-2 13 

Properties .•.•.•..•.• (see ~ams, cbanne1s, etc.) 
Radii of gyration for two anglCll placed back to back. 198-:wo 

" "" usual sections . . . .. f36 
See also tables on properties of ~ams, channels, angles, etc. 
Raib, dimensions of. 66 

.. lithographs of . . . 
" Weights o f . . . . 

Reciproc:als. sqUIU'e!i and cu~s 
Rivets and pins, e:rplanation of tables on 

" rol.llld beaded bolts, weigbts of • 
Rivets, table of bearing and shearing values of . 

" 66 

.30 3-3 12 

. 217-2 18 
,6, 

221_222 

Rivet spacing through flanges of beams, channell and 
angles . . .. .... . . .. 83--B4 

" forlltandard Z,ban 180, 182, 184, 186, 188,190, 192 
Roofs, loads per square foot 94-99 

" U and notes for 21S 
.. notes on &ITaim in members of . :n6 

Round hano, and square, of wrought iron, weightll, areas 
and circumferences . . . . . . . . . . 255- 260 

Rule for fi nding area of bar iron, given the weight, and 
vke ve~ 

Safe angles 

,." 
". (5CC special) 
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sire lo.W , , , (su ~atl1$, elwlnds, Ingle'l, etc,) 
~h boan, lithograph> . , , , ' . , 48 

.. weight! Ind dimensions of. . . • . 76 
s.. ... rnilllrack .. (_miscclllllrou.'l) 
S<:reen Wi'll, lilhogrlph5 . . 4H 

.. weights and dimensions of , 76 
Screws, wood, table of standard ~~e of . 260) 
Sere,,' end~, I1ps~t, fur square and round bal'J 265-266 

0' thread.i, !'ranklin lIl"tilule standard 267 
" ., Whitworth $Iandard 268 

Scpanuors, cast iron, for I beam, lithographs 93 
.. .. " wtlghbmu:klimtn~ion5 85-86 

Shearing and bearing values of rivet$ . ...... 22 1_222 
Sheets, iron, ~(eI, copper and brass, weights of .. 27 1-272 
Sill, door. • , • • • , , • {..ee misctllane<:>U$) 
Sines, t.l\~nB 1l,Irl secants. tlble of natu ... 1 • • • • • 294-302 
Slee"e nUI$, ~lllnrlard wt4:hl~ and dimen.ion~ of . .. 268 
Slot rail, , . , . (!Ct rails) 
Slug steel. , ,1>« IIli!loCellane<:>us) 
Speeifiealion.i for comtruetional c.'bI iron 2~6 

" " iron 123-224 

• " " "~l , 225-226 

" workmanship , 126-128 

Speeial Ingles (su angles) 
,,~ (~ tea) 

',bon (see Z,bus) 

Spikes, wrought, table of weights and sizes of 270 
Spokuteel .. , . , .. , l- millCelianeous) 
Squan:: root 11Igles . . . , . , . . (:I« angles) 
Square and round I.w$ of wrought il'Oll, we4:ht~, Iln'II$ 

Illd ci rcumference. , .... , . . 255-260 
Squares, cubes and reciprocals of numbers 
Stars, lithographs 

" properties of 
" weights and dimensions of 

Steel and iron, general notes on . 
Street car guard rails . . . . . 

]03-]12 

47 

' 53 ,. 
"9 

(~ rails) 
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Strnse:t on Pnr.1t IIIld Whipple tnwe!I. • 

Strength of materials . . • . • 
" "Itimate, of columns, cast iroo 
.. " ,. wrought iron 

" wooden pilla ... 

Struts. 
Sul!!itan~., linear eXp;1n5ion of. by heat . 

" "'c!ght per cubic foot of 

Switch r.iI, ... 
Tacks, itandanl$ile!i of ..... 
Tangents, ~ine5. and S«lUlts natuul 

T~, lilh~phs, equal legs 
., " half •.•. 

" special 
" nnequallegs 

llI'Optrties of . . 

r,le. 
.211-2 I j 

· ~jj-~JS 

~. 

· 197-198 
· 2.)0-23 1 

(see columns) 

'3' 
, '74-2 76 
(se<: ruih) 

'7· 
· 294-302 

39-40 
("u Ipeei.1 Ingles) 

45-46 
41-44 

150-15 2 

" ,.,Je lo.-ds . .11g-120 

" weights :md dimension< of, equal lCj,,"l 72 
" illllf. . (-.ee "peCiltl.nl,"les) 

" special . . . 75 
" "lluC(lual kIP 7j-, '1 

'" ,68 
1'hreatl~ ...cTCW, F ranldin In",itute "Ulnd .rd 

" Whitworth stalKbrd 
Tie md, fur hrick arehes in buildillb~ . 
'1 Imber heams, notes Oil . 

., " .. Je \oad., • 
" '3 ' 

'3' 
" pillan, notes on :: jO 
" ., ultimate strength of . .2]0-23 1 

Tire,l!CC'Iion (~speci.llee<) 
., bicycle .. (ote 1,'l'OO\'c..) 

T ram .... y track . (~mils) 

T rough plD.les, lithograph. (see miscdlal\eQus) 
" .• properties of 15j 

T read plates . . . . . (oct mi~llanro .. ' ) 
'rubet , wrought iron, welded, for gas, Iteam lind wattt 273 
'rumbuckles, dimensions IIIld weight, of is 
Tumbuckleo,lilhogra]lhs .. . .... ,.... 57 
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" 'cigbh a.J>d n>easu~', United &.atai and 6ritioh. .. Jl2 

" " 

ootnl..-:lti.·c tablc of United 
Statesand French. J2J 

coffip"".tive table of }"rt1lcb and 
United SlIItes . 3" 

Wbipple t"IU, e~]llanation of tables on 6tt~ in . . 209-210 
• 2 11- 21 3 

,68 
" •• table on maximum ~trc§scs ;n _ 

Whitworth !>Inudard <;erew thrcad~ ..... _ 
Wooden beams, nole\; on, lind table of .afc uniform lood. 232 
Z-bar<, dinlclhi,Ml) of '1~·eiD! 66 

"-~~ . 
lithog",pll~ of "Ilrcial _ 27 

"I:md:mi . 25. 26 
'. IlroI~.ti~ of . _ 14S- t 46 

Mfe I.,.ds . 11 5 
" weights of ~lleCial 66 
., " 51lmdard 6S 

Z loar cohnnns,arc:uof 119, 181, 183, 185, 187, 189, 191, 19J, 196 
" ,. dimell>ion~ of 180,182, 184 186, 188, 190, 192 

" euUlp1c~ of applicalion of tablel. _ _ 177 
" uphnation of tablell ... 173- 177 
,; lithographs, standard conneclion angles 91-92 

" " ba5es. . . . . "10 

" ., " fire-proofing for. . 90 

" " ~fe 10m. iron. . . . . . 193-1<)6 

" " ,. Sleet, li9, lS I, 183, 185, 187, 1~,191 

" " ... eigbti of iron _ _ . _ . _ . 193-1<)6 

" " .. 51eel, 179. 181, 183, 18S, 187,189,19 1 
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