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CARNEGIE, PHIPPS & CO., LIMITED.

[ Serue. saapawrvémﬁ?rk
‘ ‘PAMIRAL 10 PAF “"»\I(I qy
PREFACE.

EpiTioN oF 1892.

This edition includes additional shapes and data, yét retains
much of the old matter contained in the edition of 1890,

The more important of the new features are the following :

Change in numbering the sections, whereby a methodical ar-
rangenient is attained. In ordering or inquiring use the new
numbers.

The representation in the lithographs of the sections, as rolled
in the several finishing passes, for the same size of shape.

The indication by the use of different colors as to whether the
section can be supplied in iron or steel.

Revised specificatiops for constructional iron and steel.




CARNEGIE PHIPPS & CO., LIMITED.

GENERAL NOTES.

The manner in which the weight of various sections is in-
creased is illustrated on page 80, figures 1, 2, 3, 4 and 5.

For Channels and I-Beams the enlargement of the section
adds an equal amount to the thickness of web and the width of
the flanges,

The effect on angles of spreading the rolls is to slightly in-
crease the length of the legs. Most of the sizes, however, are
rolled in finishing grooves, whereby the exact dimensions are
maintained for different thicknesses. These are indicated in the
lithograph plates of angles. Z-Bars are increased in thickness
in the same manner as angles.

I-Beams, Channels, Deck Beams, Angles and Z-Bars can be
rolled to any weight intermediate between those given. Lith-
ographed sections shown correspond only to the minimum weight.
Channels having but one weight specified can only be rolled as
shown. Stars and T-Shapes do not adiit of any variation, and
can only be rolled to the weights given. All weights given are
per lineal foot of the section, except 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 its
weight in steel is desired. Shapes 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
58 to 79, inclusive,

In ordering designate weight or thickness wanted, but not both.

A




CARNEGIE PHIPPS & CO., LIMITED.

SHAPES

MANUFACTURED BY

Carnegie, Phipps & Co., Limited,

PITTSBURGH, PA.
PHI'LADELPHI.HL OFFICK,
I OGDFN HOFFMAN, RGT.

203 S0 4TH ST,
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CARNEGIE, PHIPPS & CO,, LIMITED. )\ L_ll.’.”-_".'/

0ld No. 300.

X B1
3 24#—80 to 100 1bs.

L
g ¥ %
i - d




CARNEGIE, PHIPPS & CO., LIMITHD.

Hlie tinta indicaie Rose tints indicate

scctions rolled (i b, sections rolled [n Steel,
BEAMS.
‘_“_""'”"W" -
— — ._'__-:‘:; =
2. = B3,
20/"—fo to 100 |bs, e 20/'—64 to 75 1bs.
. 301 4, 0ld Ne. 301 a.
e




CARNEGIE, PHIPPS & 0O, LIMITED. \$Aa¥

tints indicate

BEAMS. lied in Seme.

BT
15"—41 10 49 lbs,
Old No. 302 a.,

T s e e e

Ceeoa

s s L e
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CARNEGIE, PHIPPS & 00., LIMITHD.

Wipes ticys Lndicine Raose tints Indicate
Yeal iy $1mins

BEAMS. sections rolled in Steel,

wectiune rol

B 11.
10"—a5.5to 32.1bs,
0ld No. 304 a,

-




CARNEGIE, PHIPPS & CO.. LIMITED. |47

Kose tinta indicate
BEAMS. eections rolled In Sreel, |!

B 15.
8718 to 21.7 Ibs,
Old No. 300 a.

B— L

450"

g"—21 1o 26 |bs.
Old Ne. 305 a.

3 B 14.
' Y22 to 27 Iba. |
_ OldNe.yobd. j} |

togslh ‘
Ofd"ba 3033




CARNEGIRE, PHIPPS & CO., LIMITHED.

BEAMS.
' B 19.
6"—13 to 15 Ibs,
= Old No. 508 a.
g z by
i z
......... §
L. o
(5

6" —16 to 20 Ibs,

(X

LA LAE
—_—

- 40 B 17.
7'—15.5 to 1g lbs,
; 01d No. 307 a.
‘S .

B 16.
7"'—20 to 22 Ibs.

Old Na. 307 b,
0,874

PR

Rose tints indicate
sections rolled in Steel.




CARNEGIE, PHIPPS & CO., LIMITHD.

1847

HATToRe BEAMS.
- B 24
i 4= 1o B I,
5 obd No. 12 . ! 1
4 d w1
; T
L 13
s

o B 21.
1 §'*=—10 1o 13 Ibs.
0id No, 309 a.
e
'S .7
oo

B 20,

3"=13 to 15 1Ix
old g’

Rose tints indicate

sections rolled InS!.l:tl.

P e N R o S S i g~ Tl T e g i e S ) e e e e R e R I S T




. B 53, b,
15"—50 to 57
Old No. 2 8,

B LT

B 5%.
15"—6o to 70 Ibs.
0ld Ne. 2 3.

5"-.3'; ns.y bs.
2 o
Old No. 1.
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i OARNEGIE, PHIPPS & 0O, LIMITED. /4,

Blue tinps inificate ;
o : Hose tintg i
sectiois volbed i Troi. BEAMS. mﬂmvﬂdn?uﬁwﬂ.

B 57.

i 10.5%—31 5 to 35 Ibs, s
H Old No. g a. 1
:: ' ___'__'__"___'_'__lo'vr,-.._...--------- .'-' §

smmseemeens e e O o n v e e

B 54.
12" —56,5 1o Go Ibs,
Old No. 3 6.

oS LT P L




CARNEGIE, PHIPPS & CO,,

LIMITED.

S ket e T BEAMS. ALk L
=
: B 61.
9"—38.5 to 3o Ibs,
: Old No. b c.
‘g TIA MY
-
il B. 60.
: 10—30 to 35 Ibs.
- 0ld Ne, 5 a.
3 - .
L3
QU === e T T s sm—a 5
.. v
B 59,
10M—36 to 41 lbs,
Oid No. 5 b,
pLILE
PSS 'g'
-
-t
e
) . B 58,
\ A 107—432 to go Ibs,
i A Old No. 7.
E Sk 'E
3
r =
L

10




CARNEGIE, PHIPPS & CO., LIMITED. 049

Kose tints indicale
BEAMS. section tolled in Steel,

B 65,
8"—a27 to 31 lbs,
Old No, 8 8,

(R

L

11




CARNEGIE, PHIPPS & CO., LIMITHD.

Blue tints indicare
sections rolled in Iron.

om— |

BEAMS.

B 70.
6"—13,5 to 15,5 Ibs.
0ld No. 10 a.

s AR et

B 69.
6"—16 to 18 Ibs.
Old No. 10 6.

b

7"'—18 to 21 lbs,
Old No, g a.

B 67.
7"—22 10 25 1bs.
Old No. g b.

B 66.
8”—21.5 to 25 Ibs.
Old No.8 a,

Rode tints indicate
sections rolled in Steel.

12




CARNEGIE, PHIPPS & CO., LIMITED. 1541,

+ 1miticase Rose tints indicate
e ot BEAMS. sections rolled in Steel,
BT
.5 10 7,25 I,
Ol Ne.iy a
(8L

B 78, e
=25 to g Iis.

P L L

B 5.

3" =5 to 10 The, s

e ¥ T R

B 72,
5" =10 1o 11,5 Ibs,
Old No, 11 a,

a3

-

P

BT
§"=—1210 13.5 lbs,
Old No. 11 8,

s © e

Above weights are for lrom.  For Steel add 2%,

13




CARNEGIE, PHIPPS & CO., LIMITED,

Blue tints indicate

Rose tints indicate
sections rolled in Iron

sections rolled in Steel,

BULB BARS.

B 160.
10""—17 to 25 1bs.
| T TR
Lv——‘---——A '—--—A---v-—-uy"----——————-v--——-—----——--,:
B 161.
9"— 12.510 16 lbs,
e 147




CARNEGIB, PHIPPS & CO., LIMITED.

Blue tney idicnie Rose tinta Indicate
seciions rulled in Tron BULB ANGLES. sections rolled n Steel,

3

!

s

B 135, 5

o B'—13.751bs. ‘h’f' :

[ iR | i
e e o i S
o

B 133.

{4 ' 7"—18.25 lbs, 5’
:\{. (" Tohe Old Ne, 317, ’é, !
b i e s 5
B 132, ;
8"—19.23 Ibs.
b
R W e ks L
B 131.
9""—a1.8 Ibs,
Old Na. 326,
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CARNEGIE PHIPPS & CO,, LIMITHD.

Plue tioes by

sections rolled i

Ale

| 7"—17.75 to 23 1bs. yier-

Rose tints indicate

| DECK BEAMS sections rolled in Steel.
ru .
sty ),
: =
: . B 105.
: " 6"—15t018 lbs,
e

Old No. 330. yn.

i B 104,
é 7"—17 to a3 Ibs,
A Old No, 22,
b
_________________ P S

B 103.

#oemmennenaandy

B 102,
Y §"”—19.75 to 24 Ibs,
B il

Old Ne. 20 a.

R | LI

Where weights are given for Trem.add 2 75 Sor Steel,

st
e e L T e
I naieios I'_."‘
B 100 3 H
o .

10"—26,7 to 35 lbs,
Old Na, 19,

7 Ai_.)



CARNEGIE, PHIPPS & CO., LIMITED.

--hy

—-3A08- -

CHANNELS.

Rose tints indicate
sections rolled in Steel.

|5?—V’
£ 0 4. gt
-* §"—12,75 to 20,50 lbs, 8
& 0ld No. 359. o
IE_ e {71/ -
LR e Qe oiiiiiliiidiniy
0gy”
B >
| C 3. 4
E rof'—15.25 to 23:75.1bs, 3
- 0ld. No. 358. H
i g wat A |}
.. b8 — |
R e RS T B E s i)
ogw
o
L
(O8N £
m=20 to g0:25 Ibs, §
Id No, 2 i
2 207 0,8047 4 -
T e

AL oo = ek sl

G1
15""—32 to 51lbs.
01d No. 356. vt
To.407 (%00

i i ..15’.‘.________..--

AN L P,

i

S.0048




CARNEGIE, PHIPPS & CO,, LIMITHD.

Rose tints indicate

LTENES S 1
Tron

CHANNELS.

nl:n
£ Cc 9. -
= 4"—sto8aslbs a
2 W o No e kL.~
.

(5 ! o
-..*’...-a—‘--a

DT,

| &5 C 8. -
i 5"—6 to 10,25 lbs, E
e Old No. 363 i
; vh
bt R H
s et e e el

sections rolled in Steel

i3 o1 L
; 6"—7 to 12 lbs, b
- iji\’a.jba. A
l",-" 107 ol

- cam e mmeccnscmandd

ey
é co.
"—8.5 10 14.5 Ibs,
i L7 A P
-3, =1
e LSRR g

C 5.
% B"—10 to 17.25 b,
i Old Ne. 300.

[

0,207
-

",
g%
LR 21 28

18

RS F et L




CARNEGIE, PHIPPS & CO., LIMITED.

Blue tints Indicate
sections rolled in Jron,

CHANNELS.

Rone tint indicate
sections rolled in Steel.

[N
ra

e

e

cemmm e I e e

C b2.
13"—30.5 to 32,5 Ibs,

e BN

2.1

C 51,
15"—40 to 6o Ibs,
Old No. 25,

B Y |

e

ECCL -
SRR S S PR RS R e

3

f

=400

C 5o,
15"—40 to to lbs,

‘[!ﬂ-"

<o
)
'

AA—-‘-..-.¢."—--—-‘ﬁ?l...—...-——--....----

10




CARNEGIE, PHIPPS & CO., LIMITHD.

CHANNELS,

O 57,
10M'—16 lbs,
Old No. 29

Resememenecn=mae]flc censnsn=s ,4'

C 56.
) 10" —17.5 to 35 Ibs.
Y 0Old Ne. 30.

-

-

C &55.
12"—a0 Ths,
Oid No. 2b,
. EEv

FUTRTPRRSSSIIRSE | e

= 301~
189"

=

g, Ml
e

C 54.
12"—21.33 to 30 Ibs,
Old No. 27 a.

wET

r=== 25—~

e~ 2,380 -5

caemm e P e n mm g m—ee i asnae

Above weights are for Irom
For Steel add a%

20




CARNEGIE, PHIPPS & CO.. LIMITHD.

Rose tint indicate
CHANNELS. sections rolled in Steel,
i C 62. "f-l
o 8"—10 to 13.5 Ibs, 'k
E Old No. 33 a. &
L. : s
R D T
s

C 61,
8" —1y 10 28 Ibs,
Qld No. 34

A

A 225 -

#—16 to 20 lbs,
Old No, 35 a,

PR
200 %

"

9"—1b to 35 lbs.
Old No, 33 a.,

. gyt

C 58,
9" —r4.5 Ibs,
Old No. 32,

2200 .

R




CARNRBGIR, PHIPPS & CO., LIMITED,

C T8 anv

PR e U 1) T ok
» o6 Neogg =
H Lﬁ 2
S 1 T
1 -

R

o
"': r- c 7o, <
'3 i £'=g w o ils, 5
- 3 ont ‘:‘,'_,“’ l.,}'l
Loee o
........ ; | RIRERET - T

67,
5" =0 ti 14 1w,
o g1 4

=365

C 63,
6"—10 1o 1h ll.n.
Old N,

gt ..I
L I

mf
© 68, Y fa © 64, P
7" =14 10 2o 1bs, 2. 8 7"—8.5 1o 14 Ibs,
Uit No. 37 3 Otd No. 3 .
AT T e

=g
Above -m';u: mjar Irom,  For Steel add 206

g s

CHANNELS, Vo iy oy
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CARNEGIE, PHIPPS & CO., LIMITED.

Hlue tints indicale
sections volied a Iron.

Rose tints indicate
sections rolled in Steel.
CHANNELS.
UNEQUAL FLANGE OR CAR TRUCK.
om"
bl il
TR C103. = B
% 10}4""—19.5 Ibs, LI 5
! v

bem= B0 - - -

ﬂ“""""""""‘
Above weights ave for from.  For Steel add 2.

23



CARNEGIE, PHIPPS & CO., LIMITED.

o Jrtis e Rose tints lndicate
s L, sections solled in Steel.

CHANNELS.
UNEQUAL FLANGE

2 [
-

Smmm e e




CARNEGIE, PHIFPFS & CO., LIMITED.

Z BARS.

Z 3.

28.8 to 33.9-1bs,

Z 6.
23.2 t0 27.8 lbs.






CAENEGIE, PHIPPS & CO., LIMITED,

Rose tints indicate

SPECIAL Z BARS. sections rolled in Steel,

i
Z 17.
3"—38.4 Ibs.
Oid No. 375

i Z 18,

R S W, s i,
& ({z’d No. 235,
T .

PR T e

Where weights are given for Tran,add 296 for Steel,

a7




A
. '!'.
L 3 ;
:
o/
o
5
< 7/
7,
8. ”
*




7,

* for Sleel,




OARNREGIE, PHIFPS & CO., LIMITED.

i i ey dicate
o . ANGLES WITH EQUAL LEGS. = oons role Fin Steel,
» A 65. Mg S ATy -

A 48, "y '.“ P ey 13tony e, & X
5.8 t0 7.5 Ibs, & "%, 2110 2.7 I.'hn.?‘;' 2 o Ne. é, QJ(“ : -;,-'-;‘
old Neo. y-ag’l* e oid Ne. _ﬁ. h . Sy

™ £ - -
.
ATT. D v,
A GT. A, Ogtol3 lbi.‘ek T

A B0, LA 3.8 t0 3.3 Ibs. ?ﬁou No.ort, RS
400 10 5.8 Ibe, ™ Old No. .n;-»\ F do -
Otd No. 5553 v 2} "'Ei— N P

Y 4 &, A TS, ~
‘ & 15 ibs. e
- # cwm.u-&g;
A 68, e d
» 2.3t0 2.8 lba. {
ABB T 0id No.sp, N !
5 06,7 b L AAT
Old Mo, 5651 =il N i
2 Old'Né.éa %, » ;
'y L ‘ié
A Gs-lh" A 86 Sy
1Bt 23 b W )
FEy \bl\ Old No.5p, ol o fa

A et b {;OM_&'», 0t ‘*\.
36008 8
ot Ny 56,53

A ASE e
« > AT1. i ¥
(% B 19ty Ihl-,_!“ ./, 1. 1b. ;:k ‘?,‘
} oid No. M«‘i 1'? OHJW.\}JJ By

ABS o

ozl 0 N s

A T8, 5 Ol No33bc, &;

1.5 ta 1.9 Ibs, ' :
mdh'ﬂ'mi'mt
% . £

> A N3, g,

0.5 I * "'&:

0{3;’\:‘9.6}- ; 3

Wi

e R AB4  omo
' ¢ pem. s A¥e
out No. 63 “ERA

A8 A,
:nml_t,lhl.
O1d Ne. m.\|" '%"'

A 64
2.2 %0 45 lbs,
Old Vo, 58 8

A Th. -

p e
L7 to 2.0 ibs. o e A S5 e
W O Nebry &%‘ W %:m
> B Ol Ne. 132 g

Above weights are for Irom.
For Steel add 296,

30




CARNBGIE, PHIPPS & CO., LIMITED.

Hlua tints indicate R

sections rolied in IH‘“ANGLES WITH UNEQUAL LEGS.\:;

A 157, X
aB.g10 244 1bs.
"I‘

A 159,
14,7 to 18,7 Ibs,
&

A 162,
23310 26,6 lbs, -
Old No.bs. .~

i

A 166,
15.9 to 23.2 Ibs,

oid No.bs. .~

‘

A 108,
18,1 to 15.9 Ibs,

Old Na.bg.

L

Above weights are for Iron,
For Steel add 2%.

a1




- el Jel-
WITH UNEQUAL LEGS.




CARNEGI

ANGLES WITH UNEQUAL LEGS.” ™"
. g i

A 206, ,/\ :
\._‘

15610 8t ibs,. "
ol No.783 4

A 203_. '
9.0 W 1a51bs S5
O No. 62,

@’
Above-weights are for fron,

For Steel add 2 %. I

83 ]



CARNEGIH, PHIPPS & CO,, LIMITED.

Tt tinte Indicats Rose tints Indicate
asctioas relled 1o brow sectiony rolled in Steel,

ANGLES WITH UNEQUAL LEGS.

A 225, L A 2i2. PN
g0y to 145 ibe, 0 N e Brtotoaibs. § ™
. Old No. ;-a._,g' Old No. 1@

A 245, . S
A 2381, ¥ 4 Vv .
13.3 to 15,4 Ibs, 7 &f 1o B3 Ibs, ‘g
oid Now p,,‘i‘s Old No. 71 0. ﬁ

A 238, i
7% 10 8.3 Ibs, /}
'y

Gid Ne. j2.

A 237,
.5 to 10,0 1bs c§
Old Ne.71.7

mt'::;bc L s RE.
Old No.7éa D 74100316

Where weights mfar m:ﬂlfbﬁr Steel,

34




CARNEGIE, PHIPPS & CO,, LIMITHD.

Raose tints indicate
sections rolied in Steel,

" ANGLES WITH UNEQUAL LEGS.

A 209, ."A s
2.7 10 3.6 lb‘,t ‘o i
0ld Ne. 75 4 ’

A 263,
3.5 to 4.0 Ibs,
Old No. 74,

A 207.
44 10 52 Ibs.

A 208,
3.6 t0 4.4 1bs,
Old No.75:. .+

L,

A 270. -

P
5.0 10 1.6 Ibs, &
Otd Ne. 30, ;.-;m‘
w»

Where weights are giuen for Iromadd 256 for Stecl,

36




CARNEGIE, PHIPPS & CO,, LIMITED,

: Rose tinks indicate
fndticana wections rolled ia Steel,

lt!,l.-u:.n.---- §im Jron,
SQUARE ROOT ANGLES.

Above weights are for Irom.  Fer Steel add 29.

88




CARNEGIE, PHIPPS & CO, LIMITED,

Blue tiuts indicate

secticind rolled i Lroa. SQUARE ROOT ANGLES, sections rolled in Sieel.

-A 4am0.
1.1 Ibs, A,

A d04. . 0ld No.g3. m-‘
L. a5 . . J
Old No.gar 3 N e
o 5

iy

Ny
- o
OMNo.w. 4 &
.A 401, A

1.9 Ibs, 3+ ;PR %
ou No.gr. 3 ""--:, il iy A4l
W QT oNegss NG ,-rﬁ!’f

A 402,
1.4 lbs, 1,"'“ ™ A dos, R t ‘IL" :
ot Nosor. <+ Rk oplh. o 4% °3 >
£ 4 Old No. aa. g ks e

Where weights are given for Iron, add 25 for Steel,

a7



CARNEGIRE, PHIPPS & CO., LIMITED.

Bluoe tir

SELtions : in lron, Rose tints indicate

SPECIAL ANGLES. sections rolled in Steel.
L A 4;!‘-“"
o

A 452. 4
12.2 to 14.1 Ibs. v"
0ld No.g5. 55

£
A 466,

6.0 to0 8.0 lbs,

A Old No.y8,
0.2 to 12.21bs,*

old No. 95‘
¢

A 469. -

A 457, ‘, 6.0 to 8.2 Ibs.

Old No.333-

6.7 to 8.31bs.
Old No.gb.

A 4782,
4.7 1bs.
0ld No. 378,

o
“TEES.

A 475,
4751bs.

Old N 127, | w

', 5|

<

o U
i SRR (17 KR
A 474, i

3.2 Ibs.
0ld No. 310 a.

8 Wlwn mwk.': are given for Iron,add :7' for Steel.

38 '



CARNEGIE, PHIPPS & CO,, LIMITED.

seticua rlied 1 e TEES WITH EQUAL LEGS. Rowetiotiodicats

T 14, ¥
4.2 lbs,
Old No. 358,

S

Wiiere weights ave given for fron, add 2% for Sfeel,




;.

CARNEGIE, PHIPPS & CO., LIMITED.

Rlun tints indicate Rose tints indicate

sections rolled {n Iron. -TE$ W|TH EQURL LEGS. sections rolled in Steel.

'I-' 15! T 16.
4.6 lbs, 3.0 lbs,
Old No. 166. Old Ny, 168.
o2l ‘ s v/ S

T 19 T 20.

2.0 lbs. 1.5.1bs.
Ol No. 175 0ld No. r76.

PR P e

T %1, R 22,
1.2 lbs. s 0.85 1b,
0id No. 177. Old No. 178,
. i Ly a2l
HalgEn teeen

k7 B WS
# g

Above weights are for lron, add 2 shfor Stesl,,

40




v i L 1 at
il CARNEGIE, PHIPPS & CO., LIMITED.
RGN TEES WITH UNEQUAL LEGS, seions miled in Sieel,
= o e e
|

13.3 lbs,
Old No. 130

T 52,
15.5 Ibs,
Old Ne. 133.

T 57.
15,3 Ibs,
Old Ne.134.

W
Where weights are given for fron, add 2% for Steel,

=i .....p_-;..---...

i
[ o

-

41




w

CARNEGIE, PHIPPS & CO., LIMITED.

T 58,

T GO.

11,2 1bs,
Old Na. 137

-

T 62.
8.4 lbs,

Qld No, 1qr.

et datiabb

S —

oo

11.8 Ibs, &
Old No..135.
hﬂ PR
“ .......... ‘l’l’ ............. =

les
"

-

Rosa tints indicate

Ploe tinss indicate
sectionin olled in Ion. TEES WITH, UNEQUAL LEGS, 0o rotied in Sessl

T 59.
14.3 1bs.
Old No. 136,

T 63.
7.2 Ibs,

Old No, 142,
Also rolled 5.7 lbs, 8-
Pl

.vv....iﬂ_. me=emmvn

Where weights are given for Iron, add 2% for Steel,

42
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CARNEGIE, PHIPPS & CO,, LIMITED.

Bloe tims Rose tints indicate

e lrl\r'|HL in 1' “TEES WITH UNEQUAL LEGS. #ections rolled in Steel.

=g

- T 72,

Above weights are foriron,  For Steef add 3%6.

43




CARNEGIE, PHIPPS & CO., LIMITED.

o Rose tints indicate

ST T sections rolled in Steel.

TEES WITH UNEQUAL LEGS.

1 ;; . Old No. 179+ me"

Where weights ave given for Iron add 255 for Seel, -

14




OARNEGIE, PHIPPS & CO., LIMITED. . !:

mﬂwulﬂrﬁdia Lron, Rose tints. indicate

SPECIAL TEES. sections ralled in Sreel,

HAND RAILS

. T155.
6.0 Ths.,
0t o gis.

Gamun e .

Where weights are given for Irom, add 25 for Steel,

45



CARNEGIE, PHIPPS & CO,, LIMITHD,

dia e SPECIAL TEES

DOVE-TAIL SECTIONS

Rome tints lodicate
sections rolled in Sweel,

ICE SLIDE SECTION
T 166.
1.25 lbss
old 4 0. 232,
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CARNEGIE, PHIPPS & CO., LIMITED,

Bilue tints lndicate
wectiong rolied n Troe.

8 1.
12.8 1bs,
Ofd No. ivo. +

Old No. 105.

|

I

| e o
l 2.3 1bs,

Rose tints indicate

= sections rolicd in Seeel.
STARS.
s 2 8 3.
9.6 Ibs. 7.3 1bs, T
Old No. rar, Old No. ro2. | |

i 8 9. S 10,

Where weights are given for Iron, add 2% for Steel.




CARNEGIE PHIPPS & CO., LIMITED,

A et 1 Tk, SASH-BARS. Rose tnts indicate

:"2'.
7

..“'-'...!2

2 g Mar

P2 s 102
¥ b, i
_‘ou.wm,

e rablhs. iV
Did Mo, x:. y

~ A

Where weights are given for lron, add 356 for Stecl,
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CARNEGIE, PEIFFS & CO., LIMITED.

s rollest iz dns.

G '
am%m

R 7L . ]

.

Where weights ave given for Inu.nﬂ:ﬁ,ﬁr-&

Rowe tints indicate
Plua tits indicate SGROOVES. mm‘lia Steel

i i
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CARNEGIE, PHIPFS & CO,,

LIMITED.

Blue tinks Indicare
wections rodbed I Lroa,

G 18,
nslbs, LE'

R
pa | ¢

Go1s.

.66 [bs., i

:‘....‘.,,1*".'......-:

=+

@18, "
solbs,
Ola Ne. 200

BT I 3
Where weights are given for Iron add 236 for Sted,

GROOVES.

G 26,
.75 Ib.
Otd No. wbp8"

S

G 2.
.88 b, "
Ol No.

% m‘q.lu..‘
j‘.?

G 24,

i
RO

6 21,
rolb.  au”
id No. 208, ”3;
b
&
ﬂ M
(WU 7 7T NP
G 20. y."
ogylb. B
%
& oL 4
G 19,

ST, £

Rose tints indlcate
sections rolled in Steel,

G B4,
o.58 Ih.
Ol Vo 243. o 0"
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CARNEGIE, PHIPPS & CO., LIMITED. '

FENCE IRON,

G 44,
o.75 Ib.
Old No. 225.

HAND RAILS.
G 42,
2,3 1bs,
Old No, rg7. !
ol
e - L

.

Wihere weights are given for lrom, add 28 fur Steel,

GROOVES.

G 37.
0.59 Ib.
0ld No. 245.

dloaz®

24

= |EL PRI
% |8

w. - -

Lot

Rose tinty indicate
sections rol ed in Steel,

BICYCLE TIRE-STEEL,
G Jtiz.
0.2 .
old 1‘?0. L 250.
xp eln"

(3

L-sgtd

G 51,

Ofafj\fa. 256.
PEREY1 Ty

LQ---.}%S_“‘_‘_J
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CARNEGIE, PEIPPS & CO., LIMITED.

1940 1bs.
Old-No_.237

e thrts [ncican Rose tints fndicate
mn:l_‘u..r.l‘l.o:»:;\ 1-:.'1. RA mum.::nl“itd {na&ul.
R L TRAMWAY RAILS.
20 Ibs, per yard, ” 2. 5
Old Ne: 32 16 Ibs. per o i
G ek Old Ne, 310, OMJ:'“:;U- .
i i .__“5___
T o :
ls.s'ibs. - SLOT RAIL
RN S = 10.
ol \‘*' 15,0 lbs.
Ay
s
. ¥ H
L
R 21
% CAR GUARD RAI
GUARD RAIL. "'y, " STREET iy
4.6Ths,
Old Na, 254,
R

Wheve weights are given for Irom, add 25 for Stesl.
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CARNEGIE, PEIPPS & CO.. LIMITED. '

Rono tints [ndlcate
sections rolled in Steel.

Blue tints indicate
sections rolled la Lroa,

“. so‘
7.9 1o 13.8 |bs.
Old No, aj0.

o hot

T A

M. 33.
17.4 to 232 Ibs,

Mcﬂ_m&*ﬁ are given for Iron, add 395 for Steel,
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alke

[_-.- CABRNEGIE, PHIFPS & CO,, LIMITED,
e s, S 2einton,
BEGMENTS FOR We!?ﬁm COLUMNS,
P - M. 103.
A . 3410 7.7 Ibs,

Qld Now 113,

M, 102,
4.6 1o 23.a Ibs.
W Ol No. rta,

M. Ioi,
.2 to 216 Ibs.
Old No. 111,

CHECKERED PLATE.

M. 50.
‘Weight per sq. foot 11.0 to21. oIIu.
== omm s = smsemes - Maximum width 34® - Bes s p i




CARNEGIE, PHIPPS & CO., LIMITED.

Biuwe timin ) e

secuuus reled 10 Lrva, MISCELLANEOQUS Rm:iﬁol:;?:cm
PLOW BEAMS.
M. 150,
7.1 to g.2 lbs,
¢ — Tl
M. 151, M. 154,
6,7 to g.g lbs. 7.2t 8.8 1&:

M. 152.
8,9 to12.4 lbs.

P VLS T

M. 153, M. 1506,
g7 to 12,3 Ibs. 8.3 to t1.5 Ibs,

At e

Where weights are given for Iron, add 296 for SPel,
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CARNEGIE, PHIPPS & CO., LIMITED.

W vimes Rmse tinta indicate
pextiors oo led MISOELLANEOUB. sectiona rolled in Steel,
M 201,
5.2 Ibs.
P
L LT
SLUG STEEL.
et Wiyt
’:j, g n sl - ity
Oid No. ﬁ?
’f'ﬁ"#' ’I‘!- -N-:-'-!i
"" i )
% . i?.-,
t.-af‘l-: [T S
CROWN SHAPE, SPOKE BTEEL.
M 206, M 207 M 208 54
5.75 Ibs. o.5 Ib. 1.2 Tbs. ‘ e lbs.
MM:.}.(?. MM{.@. OMM.-.M st

Mgy
AGRICULTURAL STEEL.

M. 211, M 212,
.5 lbs.

MY

e
i

"
N ¢ S e
sk R 3:H| -3 5"

o o 0 gn

mm swp\mnfor Iron, add 256 for Skeel,




CARNEGIE, PHIPPS & CO., LMTED

TURNBUCKLES.
with and withont Stwd Ends.

::lh.mdylbn.w“,m,'mwnth.nd4ch

&7




CARNEBGIHE, PHIPPS & CO,, LIMITED,

SIZES OF CARNEGIE BARS.
IRON OR STEEL.
All dimensions given are in inches,

@ ROUNDS. @
‘l‘l! 'xl ]ji‘n %! I’ih "' 'H: ﬂ- }{' '}2: 53! %: 'us': 11 11}1’:’ l:s)' 1%'
1%, 136, 17, 114, 1%, 136, 13, 176, 2, 214, 2%, 3¢, 234,
256,23(,27%,8,8%,8%,83(, 4,424, 4%, 434, 44,

456, 430, 476, 5,534, b){, b2, 54, 5%,
bi{, 8,6, 624, 63/,

. SQUARES. .
1’!’! %! ‘IIB'H"IQH' %'i&! %1 {'31 %r ‘H! 11 11“8- 1%’ 11'6’1 1%»
1% 136 177, 124, 145, 156, 14, 13, 143, 176, 111, 2, 224,
2K, R3¢, 214, 254, 23, 2%, 8, 81, 8, 4,

a2 HALF-ROUNDS. oY
3 5 5%, X, 7%, 1, 136, 14,124, 1%, 2, 2%, 234, 8,424,
P OVALS. &
XK, X+ 3 X%, 7 Xy
p=--9 HALF-OVALS =8
KXk, HXy WX, KXy
14 x4, 13 X 5, 174X 5.
Losr ROUND EDGE FLATS. =
14x %, 13 X 54, 176X 5.
=g FLATS. T
Width. | Thickness. | Width. | Thickness, | Width | Thickness
1% to 17 1 to 13 4 2
% | Aol || 408 | s |20k
1 % to 44 2y K toly ] i to2
1% 16 to 1 2% Y ol 5% Yt
1y % o 114 1374 ¥ to 1Y ] Ko
1% | Kot | 258 | Kotk | 6 | K2
1% | %01y | 2% | Xwoif | 7 Y 102
156 3 o 1Y 3 o % { o
1% ¥ to 134 34 Yt ¥igy |




CARNEGIE, PHIPPS & CO., LIMITED.

EXTREME LENGTHS IN INCHES OF RECTAN-
GULAR STEEL PLATES ROLLED BY
CARNEGIE, PHIPPS & CO,, LIMITED.

STEEL PLATES.

£ m | oM | 05D | 00D | %I | W | Mk | 0
g‘f Wide, | Wide | Widn | Wide | Wide | Wide | Wide. | Wida
71 ‘ .. | 120 | 150 | 180 | 200 | 25 | 245
. .| 130 | 160 | 200 | 2t0 | 225 | 250 | 275

§€ 140 | 170 | 200 | 260 | 310 | 830 | 380 | 880
1 160 | 200 | 230 | 245 | 310 | 340 | 38 | 400

2 170 | 200 | 220 | 240 | 200 | 830 | 380 | 37
2| 170 | 190 | 210 | 230 | 270 | 290 | %40 | 360
5| 160 | 180 | 200 | 20 | 240 | 260 | 800 | 310
31| 160 | 180 | 190 | 200 | 220 | 240 | 260 | 280
;} 160 | 180 | 190 | 200 | 210 | 220 | 250 | 280
13 150 | 170 | 180 | 190 | 20 | 215 | A5 | 260
;«2 140 | 160 | 170 | 180 | 190 | 205 | 220 | 230
1" 130 | 150 | 160 | 170 | 180 | 195 | 215 | 230
16| 120 | 140 | 145 | 150 | 160 | 175 | 190 | 210
1| 110 | 120 | 125 | 140 | 145 | 165 | 175 | 185
§§ 7d In. 7 In. ! 63 In. { 64 In. 56 In. 48 In. ! 36 In. 24 In,
23| Vide. | Wide | Wide. | Wide | Wide. | Wide. | Wids. | Wide.
| 260 | 275 | 290 | 310 | 865 | 430 | 500 | 500
800 | 320 | 360 | 400 | 460 | 500 | 550 | 600

’;Z 400 | 420 | 440 | 460 | 500 | 570 | 600 | 600
= | 420 | 430 \ 450 | 480 | 530 | 570 | 600 | 600
300 | 410 | 450 | 480 | 520 | 570 | 600 | 600

| 370 | 390 | 420 | 450 | 500 | 570 | 600 | 600

56/ 330 | 350 | 370 | 400 | 480 | 530 | 600 | 600
31/ 810 | 330 | 350 | 330 | 430 | 500 | 600 | 600
3¢| 300 | 320 | 340 | 360 | 410 | 480 | 540 | 600
13280 | 800 | 320 | 340 | 380 | 450 | 540 | 600
7% 260 | 270 | 300 | 820 | 8360 | 430 | 540 | 600
{ | 240 | 250 270 | 200 | 330 | 980 | 500 | 540
114 220 | 230 | 240 | 260 | 300 | 8350 | 440 | 500
13| 195 | 205 | 215 | 280 | 265 | 810 | 400 | 500

NOTE: IRON PLATES from 127/ to 247/ wide and 34/ thick
can be rolled up to 63 ft. Iron plates 24’/ to 36’/ wide and 34"/
thick can be rolled up to 54 ft.
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CARNEGIE, PHIPPS & CO., LIMITED.,

—8

DIMENSIONS OF CARNEGIE

I BEAMS.

STEEL BEAMS.

MINIMUM AND MAXITMUM WEIGHTS AND

Section
Indez.

B1
B2
B3

B 4

Ve v

B8
*B 9
B10
Bit

B2
Bi3
Bi4
B15

B16
BI7
Bi8
B19

B20
B2t
B22
B23
B24

Mo | VgpE ek | THE | wlSe | had|eg
B‘;"v Be D ﬁ
inches, I.in.{ Maz. Min, Max, | Min. | Max ""_"“ s
[ weight,
24, [80.00(100.00| 695|720 | 50| 75| 0123 | 1
20. |80.00/100.00 | 7.00 | 7.30 | .60 | .90 | .015 2
20. [64.00| 75.00| 6.25 | 6.41 | 50 | .66 | .01 2
15. [80.00]100.00| 6.41 | 6.79 | .77 | 1.16 | .020 3
15. |60.00| 75.00| 6.04 | 6.34 [ 54 | .84 | .020 3
15. |50.00| 59.00|575 | 593 45| .63 | .020 3
15, [41.00| 49.00| 550 | 5.66 | 40 | .56 | .020 3
12. |40.00| 56.70 | 550 | 591 | 39 | 80 | .025 4
12, [32.00) 89.00| 525 | 542 | 85| 52| 025 4
10. [33.00) 40.00( 5.00 | 521 [ 87| .58 | .029 4
10. (2550 32.00 (475 | 494 | 32| 51| .029 1
9. |27.00( 83.00|475 | 495 31| 51| .033 5
9. |21.00| 26.00| 4.50 | 4.66 | 27| 43| .033 5
8 |22.00| 27.00| 450 | 488 | 27 | 45| .037 b
8. [18.00| 21.70| 425 | 439 | 25| .39 | .037 b
7. 120,00 22.00| 425|433 | 27| 35| 042 6
7. |15.50| 19.00| 4.00 | 415 | 23 | 38| .042 6
6. |16.00| 20.00|3.63 383 | .26 | .46 | .049 6
6. [13.00( 15.00| 3.50 | 3.60 | 23 | .33 | .049 6
5. |13.00] 16.00( 3.13 [ 331 [ 26| .44 | .059 7
5. [10.00] 1200(3.00 | 812| 22| 34| .059 7
4, |10.00| 13.00| 275 | 297 | 24 | 46| 074 7
4, | 750 900|263 |274| 20| 31| 074 7
4 | 600 800|218|233| 48| .33 | 07 7

NOTE.—Beams marked thus ¥, can also be rolled of Iron.
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CARNEGIE, PHIPPS & CO., LIMITED.

MINIMUM AND MAXIMUM WEIGHTS AND
DIMENSIONS OF CARNEGIH
I BEAMS.

IRON BEAMS.

185 | 155 | 324 ' 334 | 24| 34

B7t | 5 |12 | 135 |208/305| 28] 97

| Inereass of

b -Gl S OO PP
Tndex, | Bosm, ! b in- | S ¥

inches, | Min. | Mar. | Min. | Max | Min. | Mox. | Gl
Bot| 15, |80, |8 |608|622| .76 90 | 020 | 8
B52 | 15, |60 |70, |545|565| 57| 7w | 020 | 8
B53 | 15 |50, | 57. [505|519| 49 63 | 020 | 8
Bod| 12. | 565 60, |516|525( 78| 87 | 025 | 9
B55 | 12, |42 | B4 [463|493| 51| 81| 025 | 9
B56 | 105 | 40, | 45. | 480 | 494 | 55| 69 | 029 | 9
B57 | 105 | 815 | 5. | 453|463 41[ 51| 029 |9
B58 | 10. |42 [50. [475|499| 50| 74| 030 |10
B59| 10. |86 |41, [450|465| 44| 50 [ 030 [10
B6O | 10. [30. | 35. | 431|446 37| .52 | 030 |10
Bot| 9 |88s5 |50 [471|500] 46] 84 | 038 |10
BE2| 9 |o85| 88 [416|447| 40| 71 | 038 |11
B3| 9 |285| 28 !396|4tl| 34| 49| 03 |11
Bo4| 8 |84 |40 [as0f{4a73| 50| 73| 038 |11
Bes | 8 |27 |31, | 4.00|424| 41) 56| 088 |11
B66| 8 (25| 2. | 871 (38| 33| 46| 08 |12
B67| 7. |22 |25 |8s|s95| 38| 51| 043 |12
B6S| 7. (18 |20 |352|365 26( .39 | .08 |12
B9| 6 |16 | 18 [944 354! 25! 95| 050 |12
B0 | 6. 050 |12

060

B2 | b5 |10, | 115 285 294 | 23| 32 | 060 | 13
*B73 | 4 | 96|11 |275 |28 | 25| 35 13
*B74| 4 | 7. | 9 |250]265| 18] .93 | |13

*B75 | 3, 95| 11. | 266 271 | 31 46
*BYG [ 3, 725 9, (241|258 22| .89
*BI7| 38 5.5 | 725|222 | 239 | 16| .33

—— s s
g22 S8
=
(]

NOTE.—Beams marked thus *, can also be rolled of steel.
For steel add 2%.
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CARNEGIE, PHIPPS & CU., LIMITED.

MINIMUM AND MAXIMUM WEIGHTS AND
DIMENSIONS OF CARNEGIE DECK BEAMS.

DECH BEAMS.

Increass of
o R | W [
Indes, | Beam, osch th.in- | &
fnches| Min, | Max. | Min. | Max. | Min. | Ma, ‘;‘::;f L
B100 | 10, | 2670 | 95.00|525 |550 | .38 | .63 | .0%0 |18
BI01 | 9. |26.00 3000|494 507 | .44 |57 | .03 |16
B102 | 8 [10.75 24.00/5.00 (516 |31 |47 | .08 |16
B103 | 7. (1775|2300 487 (510 [ 31 |54 | 043 |16
B104 | 7. [17.00[23.00/350 (378 | 33 |64 | .43 |16
B105 | 6 |15.00(1800(438 (453 |28 |43 | .50 |18
NOTE—B10L made in sieel only. BI04 in iron ouly. Others made in
iron or steel.  For steel add 2%.
BULEB BARS, Steol.
w160 10. [1700/2500. . |. . |38 |60 | .29 |ma
Bi6t | 9, :1emi1aoo‘. [ |25 [ss2| 088 |14
BULB ANGLES, Steel.
Depth of Wai E hge
R Inde in‘iu::tl. mllﬁix r‘l::s | thickness. r-‘.w.m.
B130 10 26,50 35 | a8 15
B131 9 91,80 85 ‘ i 15
B132 g 1993 TN I Vil bt L
B133 7 18.95 3.0 m 15
Bi34 6 17.20 3.0 50 15
BI%5 | 6 1375 T 15
B1% | 6 | 1230 30 ‘ 3t 15
B137 j 5 j 10.00 25 3t 15
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CARNEGIE, PHIPPS & CO., LIMITED.

MINIMUM AND MAXIMUM WEIGHTS AND
DIMENSIONS OF CARNEGIE CHANNELS.

STEEL CHANNELS.

i [l | R | R | W |
gl - | ]
fickie: Min. Max. Min. | Max, | Min. | Max. weight,

Ct | 15 | 8200 | 51.00| 340 (378 | 40|.78 | .020 |17
C2 | 12 | 2000 | 30.25| 290 (845 | 30|55 | .02 |17
C3 | 10 | 1525 | 2375 | 266 201 | .26 |51 | 029 |17
Ci | 9| 1275 2050 | 244 |260 | 24|49 | 0338 |17
C5 | 8| 1000 17.25 | 220 247 | 20|47 | 037 |18
C6 | 7| 850 1450 | 200 (225 | 20|45 | 2 |18
C7 | 6| 700) 1200 189|214 | .19 |44 | 049 |18
C8 | 6| 600)1025| 1.78 208 | 18|48 | 069 [18
C9 | 4| b00| 82| 167(101 | A7 |41 | O |18

UNEQUAL FLANGE AND OAR TRUCK

CHANNELS.

e | EES | WM ey
Tndez. | ml, f—rf| MM

ine | Min | Maz |Smaller. I.u;-r.l’ Min. | Mz, =
C100 | 12.0 | 22.60 . | 8.00 [3.04 l[.29 Irm, |23
C101 | 105 | 27.00 233 1898 | .50 Tron,
C102 |10.5 | 23.00 250 (338 | .44 Iron, |28
C103 (105( 1950 | . . | 250 (338 |38 |. . |TronorSiel, |23
C104 |10.0| 20.00 | 26.00 | 2.85 |8.3b |.B1 |48 ha) !
C105 | 60| 1500 [ . . | 800850 |.81 Steel, |24

Channels C50 and C54 also used as car fruck channels,
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CARNEGIE, PHIPPS & CO,, LIMITED.

MINIMUM AND MAXIMUM WEIGHTS AND
DIMENSIONS OF CARNEGIE CHANNELS.

IRON CHANNELS.

Lo [pen| Ve | Top | Nt
o [

[“1‘ Min. Max. Min, Max., | Min. | Max,
€50 [ 15.0| 40.00 | 60.00 | 4.00 | 4.40 | .50 | .90
C51 | 15.0| 40.00 | 60.00 | 3.53 | 3.93 | .53 | .93
C52 |13.0] 30.50 | 8250 | 2.96 | 3.01 | .46 | 51
C53 |12.0/] 23.00 | 50.00 | 3.00 | 3.68 | .31 | .99
kCh4 (12,0 21.33 | 30.00 | 265 | 2.87 | .32 | .54
cs5 1120/ 20.00 | 20.00 | 3.01 | 3.01 | .82 | .32
C56 1100 17.50 | 85.00 | 2.48 | 3.01 | .29 | .82
Cb7 [10.0[ 16,00 | 16.00 | 251 | 251 | .82 | .82

1

%89£MM1MO%BS&LH.%
C59 | 9.0 16.00 | 85.00 | 2.43 | 3.06 | .30 | .93
C60 | 8.0/ 16.00 | 20.00 | 2.41 | 2.56 | 41 [ 56
c6t | 80 14.00] 2800|225 278 .81 | .84
c62 | 80| 10.00 | 1350 [ 2.01 | 214 | .21 | .34
*C63 | 7.0| 14.00 | 20.00 | 2.35 | 2.61 | 81 | 57
kCo4 | 7.0| 850 | 14.00 | 1.89 | 213 .19 | 43
¥Cg5 | 6.0 10.00 | 16.00 | 2.04 a&|22.m
ce6 | 60| 750 | 950 | 1.76 | 1.6 | .20 | .30
cé7 | 5.0| 9.00( 14.00 | 1.04 | 224 .26 | .56
ces | 50/ 6.00| 850 1.65 W‘ﬁ.%
ce9 | 40| 7.00| 900|174 | 1.89 24 | .39
Cc70 | 40| 5.00| 6.00|1.49 | 157 17| .25
c7l | 85| 813 813 | 1.75 | 1.75 | 44 | 44
*C72 | 30| 500 6.00|1.55 | 1.65 | .23 | 33

Tnereass of
flange and
wab for each
1h. increase
of weight.

52388 Z228F BEEE

2
(=]

043

07
075
.086
100

NOTE.— Channels marked thus *, can also be rolled of steel.
Above weights are or iron ; for steel add 2 %.
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CARNBGIE, PHIPPS & CO,, LIMITED.

MINIMUM AND MAXIMUM WEIGHTS AND

DIMENSIONS OF CARNEGIH
Z=.BARS.
ﬂ;ﬂt SIIR 3 WEIGHT. P'l‘g‘l
Index. of of
Motal, | Flange, | Web, | Flange, Iron, Bteal, Boction.
21 | 3 [8% |6 8% | 163 | 16 | %
3] % | 8 8% | 180 | 183 | .
w |3 85 (63 |9 | 208 | 210 | s
22 | % |3% |6" |8k | w23 | =7 |
“ | ¢ 64 | 8% | 29 | B4 | ..
g ,;} 8 |6 8¢ | 225 | =0 | ..
L3 3% |6 |37 | =88 | 208 |
“ ;z 8% (64 (8% | 813 | =0 | ..
“ 85 | 65 |8 | 839 | 348
4 | & |8y |5 8w | us | ne | =
w | 34 8% |op |82 | 187 | 189
v vy | 3 os |3 16.0 16,4 &
COl - S
« |5 |esd |55 |88 | s | =6 | o
g6 | {4 |8% |5 |8y | es2 | 7 | 3%
“ 85 |55 |8 %55 | 260 :
“« | 33 |88 |B% |8 778 | 283
27 | ¥ |3 4 3/ 80 82 | 28
g 316 |4 | 8% | 101 | 108
“ 85 |4 |84 | 122 | 124
58 | & |84 |4 8% | 185 | 138 | &8
o |3 833 |4a |85 | 155 | 158
« |2 |82 |og |83 | 176 | 179
79 3 3% | 185 | 189 | 26
u 1|3 $; | 205 | 209
w | ¥[8 |wg |85 | 25 | 29
710 o |8 |9 66 | 67 | 2
ol I A 3 2;} Y
AT 2;} 3 |2 0.5 07 | %
“ }2 2 |84 |2 e | 14 | ..
22 ok |3 |20 | 128 | 125 | 26
O ORIV 2 I SO 89 | we | ..




CARNEGIE, PHIPPS & CO,, LIMITED.

SPECIAL =-BARS.

WEIGHTS AND DIMENSIONS OF CARNEGIE

Thiek- SIZE, ‘WEIGHT, ?
Beation n: -

Netl. | Piange. ’ Web. | Pange. ’ Siml. | Saction.

: | . . e ET
20| % (3 | & Ml ous e
N | ¥ zy; 5 IR A b BT
Zh | % | & 3 v as e
Z16 | 3 2}4,3 3 .. | 100 | 2
27 | 1;2 55’ T8 3 B
218 | ,\o},ﬁ | ;?g 1% | 185 | 18 | &
219-..|1..,a5|1x1=*T 3,'3.5{..”4.5 brg
OARNEGIE RAILS.

= _'i-i:}i‘f. pﬁ, e WEIGET, | p;g.
boiwm| g, || L
" '[m.: Steel. Sw:{ol. s | | Tron. | Seml. h:n.
R1|2}5214 | | B2 |R12 B8 .. 199 5
R2|Sha2 | .. M6 | 52 |RI3| 3625 | . . | 160
R8[1332 | .. ™2 | 52 |R20|87%:2}3 | . . | 163 | B2
R 4|15 13 52 | R21| dpindsg 236 | 52
R10 [ 53¢ x6 150 52 |R22| 20 3 | 46| 47| B2
Ri1[6 B 180 2 . l
ﬁ;ghtperyar:l. 3




CARNEGIE, PHIPPS & CO., LIMITED.

MINIMUM AND MAXIMUM WEIGHTS AND

DIMENSIONS OF CARNEGIE

ANGLES.
EQUAL LEGS.
WEIGHT, |% i WEIGHT. | = ;4 |.

Saction g‘_’: Size, 2 5| Section Sisa 251-
Indox. é: Tron. | Steel. Ig,i Index. ég Tron, | Stael, §‘§
At| %6 6 [2591]..] a%| % |3 o |81]83]09
Aﬂgj 6 x6 [30.3]309/..[*A38|34(8 3 |71/72|29
*A 83 |6 x6 [282]|287(28| A%9| |8 x3 |[60[61]..
Adlihle 6 |20 g.g..*mmﬁs 3 | 48 49|29

B |287| A2, .| agt] 3|2
A6l 7(6 6 (215]219]. .| Ago 1,75 §§i§§ ?i ?,2 N
AT 216 x6 |192) 196/, . |*A43] 3¢ 93¢x23( | 6.4| 6.6 29
¥A B Y5 |6 X6 [169) 17.2)28 | Add| .| 23x23(| 5.4|65]. .
A9 % |5 5 |266] 272!, . |*AM| X (2423 | 44|45(29
A10| 13|56 xb |29 254/, .| A46| 15 |2102% | 75|77, .
Al 3 |6 «5 |232 286, .| A47| 7 |2%x2% | 67/ 68]. .
*A12( 11 |5 x5 [21.4| 21.8) 38 |*Ad8| 3¢ | 2142 | 58[59/ 30
At3| 5 |5 x5 [10.6/%20.0|28 | A49| 3 | 29521 | 49 5.0]. |
Atd| f |5 x5 [177] 181, . |*AB0| i [21¢:2%4 | 4.0[4.1 |30
*:\15!}{ 5 b |159] 16228 | As1| 15 (20| 67/68). .
A6 5|5 xb 140|143, .| Ars| 7| 200 | 59|61, .
®ALT 36 |6 A5 |121) 12328 {%AB3| 8¢ 237,21 | 52|53 30
A18[ 4814 x4 [195] 199], .| Ab4| i | 2121 | 44145]. .
A19] 3( |4 x4 [182] 185|, .|*A06| X |2)(x2} | 3.6/3.7( 30
*A20/ 11 (4 x4 [168]17.1/20] As6| 5|2 2 |52]538]..
A[ 56 |4 x4 |154[%157(20| A57| 3¢ |2 x2 |46[47]..
A%R| P4 x4 |14.0] 143]. . |*AB8( 5 [2 x2 | 3.9]4.0]30
*A28| % (4 x4 [125] 12820 | A59| 3¢ (2 2 | 32(32].,
A 74 x4 [101] 103]. . [*A60| 2 |2 2 | 24|25
*AZ| 36 14 4 | 08| 9820 | Agr| % (1s¢xise] 5[ 48], .
A208| 13 |814x8% (168 17.1], .| A62) 3¢ | 13¢x13(| 3.0/ 4.0]. .
A27| 3 | 814x8% | 157 | 16.0|, .| A63] 5 | 15¢(x13¢| 3334/, .
*A28| 11 (810,834 14.5| 14.8) 29 |*AB4| X |13¢x13¢| 2.7/ 2.8 30
A29| 56 |83£x3% [13.3] 13.6/. . |*A65| 35 | 13(x13¢ | 21|21 30
AB0) 1y 312:3% 12| 123|. .| A66| 3¢ | 134c1%4 | 33]94]. .
*A31| 35 |834,:3% (109 | 11.1|29 [#a67| 2 | 135:% | 28] 29| 30
AR T (83481 | 96| 98|, . [*A68| 3/ |134x14| 2.3 2.4/ 30
*A33 2 835x8% | 83| 85|20 [*A69| 3 135124 | 1.8 1.8[ 30
A4 5618 3 |11.2| 114, .| A70| & [ 1x1¢| 23] 24]. .
*A35| & |8 (3 |102] 10420 [*A71| 3 | 13¢x1%¢| 19| 1,930
A%l 1213 53 | 92| *04)29 [*am| 5, | 103 | 1.5/ 15) 30

Angles marked thus #, have finishing passes.




CARNEGIE, PHIPPS & CO., LIMITED

ANGLES—EQUAL LEGS.—Continued.

1

B ';; ‘ WEGH. |5 "i‘ WHIGHT, |
. LET ‘E'“ ey Sime. ,ﬁ
we fass i wE el
wazs| g 10t | 10] 1.0/30 [*as0] 561 o [08]08! 30
A7 | B [ 1%x136 | 20| 21 .. [*A8t| 3 | %x % [1.0/1.0] 30
*ATS }? 13gx136 | 17| 17|30 |*ag2| 3¢ | %x % |07|07] 30
*A76| & | 13¢x1%5 | 13| 1.3(30 [*A88 | K 3 103/08/ 80
¥ATT ﬁ 116175 | 09] 09(30 [*A84| 3¢ | &x i [0.6]06] 30
*A78| 3¢ [17x1” | 15| 15[30 [*a85| 16| 3¢x 5 [05]05] 30
AT J |1 A | 12 12/30 |
Anglu.-s- marked thus * have finishing passes.
SPECIAL ANGLES.
= | l ' vieE S
Bection § Sine, i S, ’E
mgg imL@ul ag m|m:
A450 11[3 3 e | 6061
Ad51] 33 3 373 | 8284]..
*A452 1113 3 x3 7.ﬂ Yy
AdSY 5% 3 3 3 | 60 61|38
iRy 3y e
L+ 3" 3
A }éﬁdﬁ x4l . |47 (38
*AL57 5 12012 %xigsl . 17938
AdB8 3¢ 912,917 il . |82 |88
A 31: 12017 “AdTH 3x %43 x 74| 48 4938
#A460 §x1235:31 ax %34x 3| 454638
AdBY| 14 R14x21¢ {14 x 1.6 |38
Y3204 W8 xdif¥64.7 . . |38
A 912017 1 x4 .. 1088
A48 1713100 ixfd ..|07|38
,1:8,'{:

Angles marked * have finishing p@

A450 to A459 known as “C0VER ANGLES.”
A461 10 A469 known as “ OBTUSE ANGLES."™
A470 and A471 known as “SAFE ANGLES™
A478 known as “ LOCOMOTIVE ANGLE."
AdT5 to A477 known as “ HALF TEES."
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CARNEGIE, PHIPPS & CO., LIMITED.

MINIMUM AND MAXIMUM WEIGHTS AND
DIMENSIONS OF CARNEGIE

ANGLES.

UNEQUAL LEGS.

: WEIGHT.
T e

Steal.

Txd iz | 317
4 |7x312 209
; |Tx314 | 281
7x314 (26,3
7131 (244

>
-
PrOLERRER

o=
]
g:-‘ -
=

&
MY
@EM —owmikos -

=
>

=
o
g

L 16x3 14 (20,2

11.7

104
19.9

171
16.7
14.2
128
11.3

9.8

185
17.2
15.9
14.6
13.3
119
10.5

9.1

185
17.2
15.9
14.6
13.3
11.9

Angles marked thus # have finishing passes.

om. |

C 8% | amn."l

&8 . 88

33

&, 8. 8

-

&

g W
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CARNEGIE, PHIPPS & CO., LIMITED.

MINIMUM AND MAXIMUM WEIGHTS AND
DIMENSIONS OF CARNEGIE
ANGLES.

UNEQUAL LEGS.—Continued.

W ! ‘ EIGHT. | o WEIGHT. |
m“:!gg so. ——% m‘;‘@g site. . -g
" s Iron, | Steol. 3 Iron. | Steel.

- & (S 2
e e
A28 7 le 82£(103 ) 105] .. | A249) 34 3102 |61 62]. .
%A210) 35 (4 872 8| 01| 33[ A0 v 9i2 5253, .
4 3 [167] ma]. [ABN A B2 (4214310
4 3 [157(160]..] A2 & |8 x214(98/05|. .
(4 x3 [145(148| 33| A53 32 18 x21718.485 . .
4 3 [133] 136, .|*A24 7 13 2171747634
4 3 (121123, | A5 3|3 22|64 68). .
4 x3 (109] 11.1| 34 A256 % |3 «B37|54(55]. .
43 gg gg “p *.»\257”‘ (3 «2%|4d|45|3
4 3| 85|.. | ;
2 |76(77]..
4 3 | 70| 71| 3 luas0 013 w2 [67(683
3548|154 157(. .| A260 2 158159 ..
3%4x3 | 144 147], . 1\2&”1" 3 =2 4.9i5.0 .
314x3 (133 13.6(34|%A262 1 3 «2 |40 41]35
31453 ﬁg 25, .|*A%3 (3 2 |35(36/85
3103 (112| 114],.] A 9152 |6
35 (100 02| 3| A% % 45 |60/6a|
353 | 89| 01| leaseg 37 (232 |52(53| 35
8503 | 17| 78| . . |xaA067 5 2342 |44|45] 35
343 | 65| 66)34[xa068 1/ 2752 [3637|%
3%’:2 129 124/, . *A2Eﬂ; f‘; 2%!2 27(28 8
314x2ig | 1L2) 104 | . .| A20 14 [21(x124| 54|55 . .
317x03¢| 102 %104 | 34| A271 1% 23¢x1% 49|50 . .
[312:234| 92| 94], . *A2R 5 21x115142| 43| 85
814:232 "8.11 83| 34 |+A273 5 93/x137( 3637 85
815x215| 71| 72| 94 | +A274 i 121¢x174[29(3.0/ 85
Eﬁ”%ﬁ ig 6.1(..|*A27 & Byx1lz| 28| 23] 85
2 0 A M unoms w lo wisgl. 27| %5
3ix2 | 88| 90| .. |*A2m FH R k1%, .[21]85
32 | 79| gil. .| A8 g (13«1 | 16[16]..
8@ | 70| 72 34|*A29 ¥ (13 [1.0]10(35

Angles marked thus # have finishing passes.
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CARNEGIE, PHIPPS & CO., LIMITED.

MINIMUM AND MAXIMUM WEIGHTS AND
DIMENSIONS OF CARNEGIE

ANGLES.
SQUARE ROOT.
a4 wient, [sg| |24 WRIGHT. | 5.
Baction ] T — |"=g] Buction | EE| o & | =
Tndez. é; g Msml. < i |§; € Tron.Steel. E’-’g
b — G i
A50| 3¢ 14 x4 [182]185] .. | Asss| 1 22y [5.9] 6.0] .
A351 1k (4 x4 [168[17.1).. | A385| 34 (214014 [52] 53] .
*A32| 5 4 153‘1‘5‘; 36 Aggg Ty (2402 |44 48]
A353 | 4 x4 |14, S| .. [*A i (g2 |3.5) 3
*agse|dola o |125(128) 36| Asss| x |2 k2 (52|53
A g ol A 3512 a2 146(47).
X ! \ Al Y2 x@ (38|39 ..
*A357| 3¢ gx,gg 157 13_3 36 |*A391| i [2 <2 (318287
A58 11 (81484 | 145|148/ .. 3
A350| 54 (31t 193|138 | - | Ao ;'g }%ﬁ'_ﬁ, i
A0 | %y 134 x815 | 12,1 (123 | .. | A394| %5, [13/x137 33| 34|
A% % Beadig | 108 110136 leass| 1] (1315 (27|28 ¥
|3 | b [ 2 &
5A363| 30 [374x3rs| 83| 85| 3b oo gl kel d
A364| 5613 x3 [11.2]|114].. *A308 {} U/;:lé 2‘3 24| 87
¢ 1 221 | A400| 5y (125112 23] 24 ..
A -~ o 7|4
Anlizg (s o8 | B 831 beasor] 3 |1gx1g | 19| 20| 87
*A369| 513 3 | 59| 60| 36[FA402) iy Dxd|1.4) 1) 37
*AS70| 1{ (8 »3 | 438 4.9|36[*A408| 36 |14 x1i 1.0/ 1.0/ 87
o |*Ad08] 35 | 136x%]. .| 18] 87
AR | (6 oy 74| 70 0| K| D6k 09|87
AS73 | 3¢ [234:23(| 6.4 6.6/ .. |*A406| 14 [136:134/1,7( 17| 87
*ASTA| F: (234x23¢| 5.4 | 55| 35 (*A407| 2. |114x136)1.3| 1.8] 87
A |36 (240214 | 75| 77| .. |TA408| I8 (1661351 0.9 09) 87
A376 21x212| 67| 68]..1%A400f14 |1 «1 [15]1.5] 87
pricbdsieed Bt B B oo foll i et -
A78| e 216x20¢| 49| 5.0/ .. |FA4L[ 611 x1 |08]08 87
*AS79| ¢ (20620 | 4.0| 4.1(38| Ag12] 2 | % %l10]10] ..
A380( 3¢ 124x2%| 55/ 5.6/.. *A413| 16 | #x 7|0.7| 07| 37
A381| B (24,25 | 46| 47| .. [*Ad14] 2 | 3¢x 32|08 08 87
*A382| 3¢ (21,23 | 38| 39 36|*Adt5] 3¢ | ¢x 3 06| 0.6 87
A3 34 |24 R)| 6.7) 68].. 1774161 % | 56x 36108' 0.3 37

Angles marked thus #, have finishing passes.
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CARNEGIE, PHIPPS & CO., LIMITED.

WEIGHTS AND DIMENSIONS OF CARNEGIE

TEES.

EQUAL LEGS.

SIZE IN INCHES.

THICKNESS OF METAL | WEIGHT,

Section
Index. |

Flange, | Stem. Flange, Stam, | Tron, | Steel,
Tt | ¢ 4 |38 | Koy 184 | 187
Te | 4 4 |30 || 107 | 109
T3 3 3 | Kok _ Kwod | 115 | 117
T4 | 8 | 3% |3toy 5|3t 1"'; I 90 | 82
TH | 8% 31 1ito 2} J’to . % 6.8
g | 3 3 Lo ]a.j }4 to 1.9‘ 0.8 10.0
T7 |3 3 |fsto |fptod| 89 | O
T8 | 38 3 Jtoyy | Jtoyy | 76 | 7.8
To | 8 3 |yhtoss|fpto3é| 65 | 68
110 | 2% | 2% |36tods | htoqy '| 83 | 64
TH | 2% | 2% |fsto3 | feto3h| b4 | BB
T | B | 2| Mo | fsto3é | 48 | 49 |
T'IB 2% B% ;"{ to 1'5,] x o \1;:1 40 41
TH 2 8 |Ao¥| Ao 42| 43
5 | 2 |2 [Kok|Kwg| 86 | 87
46 | 1y | 1% |Kwa|Kwg| 80 | 81
My | 14 | 14 | Mtok| Kog| 25 | 26
T18 | 1% | 1% |frtods | toql| 18 | 184
TIO | 14 | 1% Ko | Ko | 20 | 204
mo0 | 15 | 1% | ptode| Mtogk| 15 | 158
T2l | 1 1 Htode [ ftogdy | 12 1.23
™ | 1 1 }ﬁto,’!i}iw", 085 0.8?‘

558 B888 8888 888

55 5885

T2




CARNEGIE, PHIPPS & OO, LIMITED.

WEIGHTS AND DIMENSIONS OF CARNEGIE
TEES.

TUNEQUAL LEGS.

&y

4l
| 4
41

41
41

4
41
41

SIZE, IN INOHES, ‘ THICENESS OF METAL WEIGET.
Seotion
Index, | | of
Flangs, | Stom. ‘ Flange. I Som, | Tron. | Swel ‘ Sation,
0 | 5 | 8 | 4tog|d3tos6 183
50 | 5 2% | 36to 75 | to 2L | 108
T2 | 455 | 3% |ptos | $hto 76 | 165 | 168
T53 4,'»‘; 3 1"-"1‘ to }‘ﬁ ]5; to % . 85
T54 4% 3 }6 to 17;;' % to '1'76 . 10-']
Ts6 | 412 214 | fsto36 | Stods | .. | B0
TH6 | 4% | RY |3bto| toyy| o | 93
TH7 | 4 5 Joto | Mto | 158 | 15.6
T58 | 4 b 3to v | 3Gto gy | 11.8 | 120
9 | 4 4% | Hto i | ¥4 to | 14.3 | 146
T60 | 4 44 | Htloy; | top | 112 | 114
T61 4 3 Btoyy | o | 91| 93
T62 | 4 214 | Btoyp | Koy | 84| 88
T63 4 2Y o | frto% 72| 73
T64 | 4 2 3gtoyy | oS | B[ 79
65 | 4 2 fsto3% | frtosg | 65| 66
T66 | 314 4 Htof | Mtoy | 125 | 128
T67 | 3% 4 Btoye | tog| 97| 99
T68 | 8% | 3 Hto% | 3 | 115| 1178
T6) | 8% 3 4to | 4 tof | 107 | 109
T | 8% | 8 |stog| %] 83| 85
™ | 8% | 8 S| % 76| 78
™2 | 3 4 KBtof | ¥tof| 11,6 | 118
T3 | 8 4 Jsto % | 7yto 14| 104 | 10.6

T63 can be rolled to 5.7 in, iron and 5.8 in, steel.

J EEHS SH8G BEREE BREE B

T3
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1
CARNEGIE, PHIPPS & CO., LIMITED.

WEIGHTS AND DIMENSIONS OF CARNEGIE
TEES.

UNEQUAL LEGS.—Continued.

SIZE, IN INCHES. ‘ THICENESS OF METAL, WEIGHT. ' Page
Baction 4 | Ba
| T | Stem. II Pangs. | Sm. | Tron. | Siee. !soefafnn.
|8 | 4 |%eg|neg| o ] 93 | i3
™ | 3 31 | Mtod | Ko 107|109 | 43
T76 | 8 8% |vpto ¥ |ro24 | 96 98 | 43
™ | 8 34 | Htods | ¥roy; | 83| 85 43
T8 | 8 21 | %togs | Koyy| 70| 72 | 4
T79 | 3 214 |fyto% [ frtods | 60 61 | b
T80 | 2% | 2 Stodl| ¥ 72| 74 ‘ 4
T8 | 2 | 1% |Hodl| ¥ 65| 66 | 4
T | 2% 3 Htoyr | Htoyy | 70| 72 | M4
T8 | 214 3 frtod [{f-tods | 60| 61 44
T84 | 214 Ry | Kto | HKtoyy| 66| 67 | 4
T8 | 214 2 |fetosg | Prtodg | BT | 58 [ 4
T8 | 2% | 1% |ftogu || 28| 29 | u
TR | 2 | 1¥ | Ko | Ktod| 307 81 44
T8 | 1y ‘ 1% | 3togy | Koy | 85| 86 | &
T8 | 1% | 1 K |Htogy | ftogn| 19 194 44
T | 1% 14 | ftoX |frto | 29 80 | 4
T | 1% | 1K | Ko | Ktoh| 22| 224 4
TR | 14 1 |Stoyr| fstoyde| 17| 178 44
T8 | 1% | 1% |fctode| & 13| 138 | 44
T | 1 ¥ : * & 13| 133 |
T | 1 14 ‘ 1% to i 1% to fy 112 | 44
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CARNEGIE, PHIPPS & CO., LIMITED.

WEIGHTS AND DIMENSIONS OF CARNEGIE
SPECIAL TEES.

WEIGHT. | Pags | WEIGHT. | Page
e | - S [e| - p
Iron. | Bieel, Saction. Iron, | Steal, (Section,
TI50 | 6 27, |890| 0.08| 45 | T150| 2Xx24 | 207 46
T161 | 6 x13% |6.00) 6.12| 45 | T160 2 x4 |178 46
TI2 | 4 x176 [540 [ 551 45 | T161| 124x24 |13 46
T153 | 824x13¢ | 4.50 [ 4.59| 45 | T162| 124x34 | 138 46
TI54 | 4340 | . . |7.00] 45 | T168| 1Xx3§ (1.00) .. | 46
T155 | 236x134 [ 2.00 [ 2.96| 45 | T164| 2 xiE |2.00 | 2.04| 46
Ti56 4 2% |.. (1060 45 | T165| 1x56 [1.30(1.33| 46
TI57 | 223 |5.00|510 45 | T166| 124x3} |1.25]| .. | 46
TI58 | 2%4x 34 |2.23 46 | T167 | Xx§% | .. [080 | 46
TURNBUCEKLES.
Ouside | Outside (Total lengthl _ Weightof | Page
i : of turn- | Weight of
|| e R g | 2
in inshes.
T500 Vg 81 23 3 2 57
T501 % 83 % 3y 2y b7
T502 i 9 2% 4 3 57
S8 | 1% 9y 2 4 o | &7
To04 1y 91z 26 174 6 57
T505 13 9 7 8 7 57
T506 1% 10 7 1024 8% 57
TS? | 13 | 10% 28 | 18 9 57
T508 1 1034 28 14 14 b7
TS50 | 1% | 104 29 | 17 17 57
T510 2 | 11 29 20 20 57
Note :—By total length is meant length end to end of stubs

when they have gripped the full length of tumbuckle nut.
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CARNEGIE, PHIFFS & CO,, LIMITED.

WEIGHTS AND DIMENSIONS OF CARNEGIE

STARS.

Index.

i

Size. | Thickmess.

Index.

Seation

51!4 x4 %mﬁ,'u.s 12047 |5 '1};:(2 Frto gy

WEIGHT.

Ko, of

I:un.!S‘leq].

12.1 i 21

-
555 |

S2|834x81£|3¢ to 14| 9.6| 9.8 | 47 |S §138x124 |fy to 4% 11.0{ 1.0
S3(3 x3 |Prtodf 73| 7447|5101 x1 A to3110.9]09
S4 (R24x237|1¢ to £7110.1 [10.3 | 47 | S11R24x104 [1ito 24 68|, . |47
S5(234x21¢ 1% to 13| 5.6 | 5.7| 47 | S12234x1Y [Frto 29|, . | 47
SB(2 x2 [ told4.0|41(47|S181 x 56| & |..[09]47 |
ST134x124 P to 5| .3 | 23|47 \
SASH BARS.
WEIGHT. ’sg. i WEIGHT. |[= g

Section Sise. = £ Section | g =
il Tron. | Steel. E“* e Iron. | Steel. £=§

| —— S
S50 | 234x}3 | 225 | 2.30 | 48 | Sb6 | 176x14 | 1.76 | 1.79 | 48
851 | 133x}3 | 175 | 1.70 [ 48 | S67 | 138x% | 140 | 143 | 48
Sh2 | 134x76 | 1.5 [ 128 | 48 | S58 | 1Xx% [. .| 1.08 | 48
SB3 | 18x35 [ 1.20 | 1.23 | 48 | Sb9 | 134x% |. . |[1.00 [ 48
554 | 13¢x3% | 170 | 1.74 (48 | S60 | 1 x3 [+ 1.00 | 48
855 | 13¢xf | 130 | 1.3 [ 48 | S61 | ixyf | .| 0.70 | 48

SCREEN BARS.

S100| 2 x3¢ | 219 | 223 | 48 |S102| 1% | 1.16 | 1.18 | 48
S101 | 134x14 | 1.46 | 140 | 48
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CARNEGIE, PHIPPS & CO., LIMITED.

WEIGHTS AND DIMENSIONS OF CARNEGIE

GROOVES.
| WEIGHT. | Bags | o = WEIGHT. l'iﬁn
Index. Iron. | Steel. Ssl:‘gu. Dy, Iron. | Steal. iswgan‘
G1| 2y |600|612| 49 | Go7 |1 o870t 's 50
G2| 23¢ |..|210] 49 | G28 | 7% | 061|062 50
G3| 21 |550 561 49 | G29 | 7% | 080 082 50
Ga| 25 |266|27| 40 | G30 | 33 .. |09 50
Gb5| 2 |425|434| 49 | G31 | 7 | 0.67 | 0.68 | 50
G6| 235 | .. |343| 49 | G8 | ¥ o.7o|n.71 50
G7| 2 300 306| 49 | G338 | 3¢ | 060|061 | 50
Gs| 2 [266|27| 4 | G34 | 3¢ | 058059 0
GO| 1% |110[112| 49 | G35 | 3 | 050 | 051 | 51
G10 | 136 190 | 49 | G386 | s¢| .. |0s8| 51
Git| 1% | .. (370 49 | G387 | 3¢ | 059|060 | 51
GI2| 1% (200 204 B0 | G38 | 5| 042|043 51
G138 | 1% 166|169 | 50 | G39 | 14| 039|040 | 51
G| 13 193 136! 50 | G40 | 346|024 025 | 51
G5 | 1% | .. 2.00‘ 5 | G4l |2y 3.10‘3.16 51
Gi6 | 14 | . 133 50 | G42 |2 | 230 | 285 | 51
GI7 | 1% | 145 1.53‘ 50 | G 13| 090 | 092 | 51
GI18 | 1% | 150|158 | 50 | G4 |12 | 075 | 077 | 51
G19 | 14 |125| 128 50 | G&5 | 3¢ | 050 | 051 | 51
G20 | 14 | 04 n.ssi 50 | G4 ‘ o 0.80 | 51
G2t | 13 |1.00|1.02| 50 | G47 | k| .. |00 51
G®2 | ¢ |..[089| 60 | G&8 | % |..|050] 51
G23 | 1 075 | 077 | 50 | G49 ‘ 35| ..]043| 51
G4 | 1 095|097 | 50 | G50 | s6 (- . |083| 51
G| 1 088|090 50 | GBt | & [. . |08 51
G26 | 1 0.75 o.nl' 50 | Gs2 | 3| .. | 028 b1




CARNEGIE, PHIPPS & CO., LIMITED.

WEIGHTS AND DIMENSIONS OF CARNEGIE
MISOELLANEOUS SHAPES.

(| e | YO | e
Index. ﬁ;m Sise. of Metal, o?
Irom. Steol, | Beotion.
M 1 [Door Sill Plate, | 43¢x .| 800/ 53
M2 “ 534 i{; ﬁi | 425 53
| M 3 |Tread Plate, 1545 5 b4 .| 13.00 | B3
M10 (Trough Plate, | 9%4x83% 16.00 53
it | 912,33 fvé 17.67
Mi2 £t 91533 % |19.33
Mg | 912:33¢ 3} 21.00
M| o« 93533 2.70
M30 (Corrugated Plate,| 83¢(xi% | ¥ | 7.90 53
M3t “ 83¢x13¢ 9.90
M32 “ 83¢x1%5 ;‘:2 LR P (e
M33 “ 122:935 | 3% | 1740|1775 | 53
M34 « 12,5423 ﬁ 20.80 | 2071 | ..
M35 ‘ 128,23 ¢ 2320|2867 | ..
M50 (Checkered Plate, | 8477 wide, | 3 | 11.00persq.ft| 54
M51 u s« 1850 « 5
M52 “ sr « | 34 |1600 ¢« | ..
M53 a 8477 w 17"r 1850 « e
M54 ‘ 84/ « | 12 |2100 ¢ 13

SEGMENTS FOR KEYSTONE OCTAGON

COLUMNS.
Bection Minimum | Maximum | Minimum l Maximum | Size of Ho.
| Index. Thiokness, | Thickness, | Weight. Weight. | Column, |of Section,
M100 % 11.90 20.50 1077 b4
i M101 i 820 21.60 8 54
i M2 | % 5% 460 | 1330 | 67 | 54
j Mi03 | P Y% 330 | 770 | 4~ | b4
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CARNEGIE, PHIPPS & CO,, LIMITED.

WEIGHTS AND DIMENSIONS OF CARNEGIE
MISCELLANEOUS SHAPES.

Saction
Indez.

M200
M201
MR202

M203
M204
M205

M206
M207
M208
M209

M210
M211
M212

M213
M214

M150
M1b1
Mi152
M153

M154
M156
M156

pe.

it | o Il Ve |0

| 1¥x3s | 284 290 | 56

2hx 3% | 52 | 531 | 56

A% | 780 | 746 | 56

ug Steel, 14 v L EA0 | B8
“ ek [ 3.50 \ 56
o517 | . . | 1470 | 56

Grate Bar, 1%:13% | 575 | 587 | 56
Orown Shaps, o ¢ Nl P 0.50 56
Spoke Steel, 157 i 1.20 56
“ 2 x¥% | .. | 150 | 56
|chp Steal, A8 | . . | 700 | 56
Agnnulturnl Steel, 3%4:2% | . . | 870 | 56
: H¥xd | .. | 050 | 56
anlljll‘l'mk, 5 xx | . . | 1080 | 56
“ b oy | . . | 1200 | 56

PLOW BEAMS.

| !i?i;.L:l.m ! Iit:{in 'l"'ﬁ::: | nf.ﬁuu.
| 2y | 2yl 7.10 920 | 65
2141 1% } 2ux1% | 670 990 | 55
231y 2;01;4 890 | 1240 | 55
3 g A | 07 | 1230 | 8
oy | 23ty 7.20 880 | 55
xlyy | i | 800 | 1120 55
256x1 7 55

I

2561}l | 980 | 1150
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NOTES ON STANDARD CONNECTION AN-
GLES FOR CARNEGIE I BEAMS.

The standard connection angles, for all sizes and weights of
steel and iron I beams manufactured by Carnegie, Phipps & Co,
Limited, are illustrated on opposite page. ‘lhese connections
were designed on the basis of an allowable shearing strain of
10,000 Ibs. per square inch, and a bearing strain of 20,000 Ibs,
per square inch on rivets or bolts, corresponding wi h extreme
fiber strains in the I beams of 16,000 and 12,000 Ibs, per square
inch, for steel and iron respectively, ‘1he number of rivets or
bolts required was found to be dependent, in most instances, on
their bearing values,

The connections have been proportioned with a view to cover-
ing most cases, occurring in ordinary 1]u':al:tice:, wi h the usual
relations of depth of beam to length of spin, In extreme in-
stances, however, where beams of short relative span lengths are
loaded to their full capacity, it may be found necessary to make
provision for additional strength in the connections The limit-
ing span lengths, at and above which the standard connection
angles may be used with perfect safety, are given in the follow-
ing table :

Table of Minimum Spans, for Carnegie I Beams, for which Standard Connection
Angles may be Safely Used, with Beams Loaded {0 their Full Capacity.

Steel I Beams. Iron I Beams,

o - f
‘d - %% ll”:‘er : 3% ‘ul * %‘; M‘:flﬁ“ %g
Beam. Beam, Beam. . Baam, .
a2 i i L
1
480, Ths, 205/9"-27. 1bs/95 [15°—80. The, 10.00"—285 Ibs. 80
20"—80. " (17.00% 21, “|(BO|*“ 60. *“|13.04* 235 “ |80
“ 64, 41608722, #IROl* B0, ¢ [18.0B"—84. |70
15780, * |125)% 18. < |7.0[12—b565 | D.0]“ 27 |7
W w. 3 “_5 "—20. [ 6'0 W 42’ [ &0 u 2[5 W 6_5
50, % 11.0]% 155 ¢ 55101740, © | 9.0~ « |50
41, “|10567—16, © (65| 315 “ |100]* 18 “ |65
12—40, | 85|* 18, “ |6.0[{10"—42. ¢« |105[6—168. * | b0
« 8 | 75p—18. f(40]" 36 “|106]* 135 “ |45
10~—33. “ |1050“ 10. “ [40]% 80. * |105p"—12 “ |30
* 255 “| 9.04—10. * 13.0] 9—385 “ | 65]1“ 10. “ |30

See illustrations of Standard Connection Angles for Camegie
I Beams on opposite page.

81




CARNEGIE, PHIPPS & CO., LIMITED.

STANDARD CONNECTION ANGLES
FOR I BEAMS.

Steek Tron:
AB<aSen"L —1"a'"ig. Siecl: SatenLan” (rasibe.  rasites
i + = J':“ui for 3" 1) 5w s
{889 40 o lirairl £ i o
R 3 ll?-.@ MM Ylhoos o6 v
IW B e L S l“w‘;y‘i‘; i b’*i‘*@"’
g tee: sislp@i"-“‘ W * Steed

10 Ibs. 10 Ibs,

for ad'T for 'IYeg w 12 0
54 2 ‘fEEl li! | | l3

" 8w TI3.5n

for 6" 16n 160w

835%9355% "L — 024X 1. Iron:
18 lbs.

e%e0iL—08"Ig.  Steel: Tron:

Bl atad 1 :
Sedadi—o sxl;.[ ”I{ ':?:h-. x| ¢ for 8T v
or 12°1§ 42 » i P for ' {:;«::35 -5 Ibs,
Iron: & 7
Steel:
for 0%4'1 ;:lsbt; =] forroTId 12D i
l“ m"x ;z.g 1h- % 3’!0 "
3;\'.0 L] i I
Al koles for ¥ Bolts or Rivets.
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STANDARD SPACING AND DIMENSIONS OF
RIVET AND BOLT HOLES THROUGH
FLANGES AND CONNECTION
ANGLES OF I BEAMS.

a 24" b 24
STEEL T BEAMS, TRON T BEAMS.
¢ [oin, of Waight [Din. of ;
e s
ink, | qps, v inches, | inches, Ths, 1in X inches.| inches.
|80 |3|4 |v=5 |15 |80 | 3|84 |b=dy
B E|S e (E | E
¥ % 1 | | 5|3 “« B
1580 |3¢[8| o=tz |12 [ |%|24]| “5
B8 %30 N hh o g | fo | «an
1 (|8 | waZ | 1035|814 | % |28 | “4
A |10 |7 | % 2% «4}12
o
HEREIEIR A LR A AR
9 |85 | % |2 | b=t
10|38 |5 o; | “asg | 9 |[28% | 5 |24 | b=ty
10| ) 3¢ (25| wd | 9B | 5 B “ 43}
AL AR
of 21 |3 |28 “dp Bl % 2| 4%
8l 2 || 2% ¢ 4;? 8 |21y | % “41;47
Bl %138 «ih|7 [ |s|m| “ax
ol Ml Lo <3| 7 |1 |k | wax
6 |16 | 8¢ |1y | b=14¥%
8 16 |% 2 “45 6 |18% | 3|1 | “4¥
8 % “4: [
Bl %\l cdic ) BB I XIE| L4
Bl 10 ||t f “#c| B |8 |%114) D¢
o) 10 [y |1 | «ax |8 | 9% % |1¥% a,#
el mylgl1g] «an |8 | 7RI %I ]

NOTE: The spaces “b” and “b’” in above table correspond
with spacings given on page 82 for standard connection angles.
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CHANNELS, kb b
spacing and
Standard spacing and dimensions of rivet ana poit holes | maximum dimensions of
through flanges and connection angles, "‘tmxi '3"_':;;‘.“
E;c
TRON OR STEEL.
e . Maxi-
Depth [Weight| a 4 mftfwsht a b’ 3’1”.& m“::lof <
rvel
Inches. !g:{. Inches. | Inches. - oot. Inahu.| Inches. Tockie. EH Inches,
15 wlao | 26| 5 |7 |1 |31
5 |92 | 1| a|%|a0 | 2 |5 |6 |1 |8%
13 % 1sos| 1| 5 |5 [1 |2y
12 ywlos | 13| a3 ws|1 |21
12 |20 | 15¢| 43| % |204] 13 4{ &1 |2
12 3|20 | 13| 4dd
10 ¥ lime| 1| 4|81 |2
10 15| 12 | ac | 3¢ | 167 | 14| 45| 94| %] 1y
9 y |14 16 ap |8 | %1y
9 [123c| 136] wc |3 |167| 16| a) | ¥| 1%
8 |16 | 1% | 47
8 [10 | 1| a3 |14 | 62| ) 2m| s| 13
8 s6 10 | 16| 4p| 2% | ¥%| 1%
7 14 | 136 | 45| 2 1%
7| 8| 1% agg| 3% | 84| 13 1‘K1%§P
6 1107 1| ac| 12| %| #
L 1 g 3% | 4| 1 | 18| K| X
5 %] 9 g | 4y |1 L ¥
s e |1 | aal®|e| % &Kl 5 8
4 2% 1T i 4711 3| o
7 4|y 51 ¥ &5 K| x| %
35 | 8| m| a5l ¥| x| ¢
3 67| u| | %| & ¥

NOTE: The spaces b’ in above table correspond with spacing-s
given on page 82 for standard connection angles,
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" CAST SEPARATORS FOR STEEL I BEAMS.
Ses illustrations page 98, Figs. 9 and 10,
Separators for 2077 and 247/ beams are made of 5§// metal.

% “ 6’/ to 15’/ beams are made of 12/ metal.

i ¢ 5/ beams and under are made of 3¢’/ metal.
DESIGNATION DISTANCES. BOLTS. _-__Eﬁm o=
0F BEAM. i

| 5 |55
| TIAREIRE ‘f%g et
- 2 I L f
}‘5 3 §‘5§._-.§_~§§ B3|zl g:gg
AR { o e T A {l F
. L[
i:uhu.’ | tis, Jinches. inchesJinch. incnes.fimobes] 1. | “1hu | 1. | Ibs
SEPARATORS WITH TWO BOLTS.
o | B1]80 ez ][z [oglaxg] 038 3124 |5y
2 | B 2|80 14;’3:5 73 §§ 10 af/f 4}//: « o3¢ 9
20 | B36t [18|7 [7%|10 |83F|43Z| « «
15 |B4lso [185¢|7 7 |9 |8%] 025 |18y |1y
15 | B 5|60 1s§§ sﬁﬁ 7 |8 3?;5 « |12y | “
5 |B6/60 |12 [63]3¢| 7 (8 |8%| « |12 | 112
5 |B7 |4 |113]67 |3¢| 7 |7x]8" | « |11%| *
12 | B840 |1134]6 x| 62¢|736i3 | 025 | 9|15
12 B9 |tigle |3l exin|s | « | 931y
SEPARATORS WITH ONE BOLT i Yo
12 | B8l |uxle 1wl .loseling] os2 | 9w |15
12 [B9|s2 1|6 |x|. .|m4|1%| « | 93| 1%
10 | B10(38 [1034 |53 |3 |. . [6%|1%] « | 77| 1%
10 | Bi1 2554|105 53 |5 | . .67 |34 « | 7|14
o |B12|2r [10x|53]3¢ . . |67 [13¢] 012 | 6] 1
o |Big(ot | 9%(6" |3 |. . |6 |13¢| « [ 6|1
8 |Bual22 |0%|s ||, .|6% |13 « |5%| &
8 |Bi5(18 | 9|5 3| .6 [13¢| « | 53| «
7 [B16l2o |9 lagelse]. .[8 lixlose| 4| @
7 | B17 |15 8y 43¢ ||, .18 |1k |« | 4| =
6 |B18|16" | 756|a |3¢|. |sulik| « | K|
6 (B8 [73\4 |x|. . sK|K| ¢ | 2] &
5 [B20(18 | 658 el loag | 1
5 | B21 10 s§ 3§ ?f» : .;4§ 1?/2 " t§ Te
4 [Boajto | 67 8k la¢|. . |ang|isg| ¢ | 1% &
& | mos| 7l smlsiglagl. laxglisgl « | 131 %

o
[+
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CAST SEPARATORS FOR IRON I BEAMS.

See illustrations page 93, Figs. 9 and 10,
for 6”7 beams and upwmlmmda of 141 in. mdal.

« b7 beams and under 3%
DESIGNATION DISTANCES, BOLTS. s WEIGHTS,
= Tl T
ui g : E 3% %‘a‘
AR EEHR R L
B RN R
& 1bs, |inches. i i inches, {inches) 1bs, i 1ha. Ths, | D

SEPARATORS WITH TWO BOLTS.

5 |B51 (80 |125]6 7 o [sx]oss lux ]
15 | B52 |60 1,’:: yig 7 |8y s;"’ff el o e d
15 |B58 |50 |10%|52¢)5¢ |7 (83| | « [tox | «
12 | B4 5634 |10% |5 634 [73¢|3 |02 | 8y |12
12 |B5H i 9% o '§ si‘g 73 1% s%{ #
~ SEPARATORS WITH ONE BOLT.
12 |B54 5634|107 [B3¢)ae| . . [mc|14] 0a2 | 7y 12
> B8 lee* ef(f b :{ : _I7§( 1;’§ “ 7}% i
1002/ B56 (40 [109, 53¢ |3¢| . o |7 |1%4] « | 63| 1%
101, B57 3134 s}gia ¥|. o lexlis| « | 6] “
10 |ms8ia2 |10 5 .. |ex]is6l 012 | 6 |13
10 (B59 35 | 9% o¥ § L] §1;§ « g | &
10 |B60(30 | 97 4x|¥|: - s;} 13| « [6 | «
o |861|ss|10 (5 || - - |63 |13&| « | B%¢| 14
9 |B62 28is| 8s¢laxz|ag|. (6" |ixg| « | 5| «
o |Bos 23%| 8% axfx|0 i[6 Jix| < |5 |
8 |Bo4 34 | 9%|5 A AR AR VARE:
8 |B65 27 sg 4y § e g 1§ o Y o
B (BB 22| 8 4[|, . [By|1K| « | 4K “©
7 |Bo7(o2" | 8y laig 3| . (Bx |1k | o | 8| !

7 |B68[18 | 74l4 |X|. . |BM 1| « | 8|
0 [DBBI|16 | 77 |4 . 51| 042 | 2

6 |B70|18yg| 7" |3y § o 1};‘5 ol &0
5 |B7t|12 | 635! || . . |ax|ang| « | 13| &

5 IB|10 | e is|x|. - |4%|1g| « | 1| <
4 |BM| 7 )1b% 8|yl. .lagligl « | 1341 3%
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FIREPROOF FLOORS.
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FIREPROOF FLOORS AND PARTITIONS.
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BUILT COLUMN SECTIONS.

Fig- 1. Fig. 2. Fig- 3. Fig- 4. Fig- 5.
- | +
g7 o)
Fig. 6. Fig- 7. Fig. 8.
e =
Fig- 9. Figs 10. Fig. 1.
Fig- 12, . Fig.13. Fig. 14,

J——

Fig.15. Fig. 16. Fig. 17,

H
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——

DETAILS SHOWING FIREPROOFING, AND BASES FOR
Z-BAR COLUMNS.
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I-BEAMS AND Z-BAR COLUMN
These connections to be used when columns are not spliced at
seat level of girder.

Fig. 1. i 2,

DETAILS OF STANDARD CONNECTIONS OF
S.

Y
*‘:55 it
a.‘4 >l
2l
)
B i
_ y i

Where a rigid connection between
beams and columns is required to pre-
vent side motion, use rivets instend of
bolts and insert plates %' or 1.16”
thick, or both, between top fl; l
Iﬂm and columuf-, as shown in [

Fi opposite .
lff lhe p“l:, cast iron may, i
in nddit{on to Ihe wrought plates,

be used to advantage.

#
Tulg™, 1rd, 9 b B Bexma
B8 Toms.

The b nftmu indi: d d the end i due to the loading on
h beam, and for which the connections are proportioned,
Rivets ami bolts, 84" diameter, All bolts through beams have bevelled heads;
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DETAILS OF STANDARD CONNECTIONS OF
I-BEAMS AND Z-BAR COLUMNS.

These connections to be used when columms are spliced at seat
level of girder. This is the usual arrangement.,

| .| Fig. B
i ! ‘ S
el b i
| > 3 |3
i ﬁ" g‘ 3 n 'l ‘ﬂs
B8 el ; 3
"] | ﬂn e -

(R

Where n rigid conpection betworn
boams and columns is required to
pn"nt side motion, use rivets in-

tend of bolts, and fnsert plates "
u 167 lhwl. or both. between Lop
fangen of beams and columus, thus:

lmu arm ia large, east iron may,
10 the thin wrought
’IIH‘I. be used to advantage, thas;

LLJ

014
The ber of to d d the end jons due to the loading on
eac hhnmhmdﬁ:rwhach themnncuinmam eopartiony
Rivets and bolts, 3{" diameter, All bolts through buml have bevelied heads.
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GENERAL DETAILS OF IRON WORK,

Fig. 1.

Fig. 2.

_ Fig. 3.

Fig. 14,

* Fig. 15.

Fig, 16,

3

Fig. 17,
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GENERAL NOTES ON FLOORS.

Examples of floor joists and their connections, of common
occurrence, are shown on opposite page, Figures { and 3. Gird-
ers consisting of two I-Beams, or more, side by side, asin
Figures 16 and 13, should be connected by means of bolts and
cast-iron separators, fitting closely between the flanges of the
beams. The office of these separators is, in a measure, to hold
in position the compression flanges of the beams, preventing side
deflection or buckling, and to unite the two beams so as to cause
them to act in unison as regards vertical deflection. Separators
should be provided near the supports and at regular intervals of
from b to 6 feet. They are shown on opposite page, Figures 9
and 10. Their weights range from 114 Ibs. for the light 47 to
813¢ Ibs. for the heaviest section of 24” beams. Complete tables
for the weights of separators for steel and iron beams are given
on pages 85 and 86.

y On opposite page, Figures 1 and 3 show different methods of
connecting beams with each other. Figure 1 represents the
floor beam coped to the girder and joined to it by the means of
a pair of connecting angles, which are usually riveted to the
floor beam and bolted to the girder. Notes on standard sizes
of these connecting angles, and the number of bolts and rivets
required for all sizes of I-Beams, are given, with illustrations,
on pages 81 and 8. Figure 3 on opposite page indicates the
method of connecting the floor beams with the girders when they
rest on top of the latter. In this case the floor beams are se-
cured by means of a 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 flange of the floor
beam, on opposite sides of the same.

The old method of construction for fire-proof floors in build-
ings is by means of brick arches. These usually consist of a
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single 4" course of brick, with arise at the center of 8 or 4 inches
and resting on the lower flanges of the I-Beams, against brick
skewbacks. This method of construction is illustrated on page
87, Figure 7. In case the floor is designed for very heavy loads
several courses of brick should be used. The floor beams should
be placed about 5 or 6 feet, center to center, A convenient de-
vice for centering the arches consists of wooden frames, called
centers, suspended by iron hooks from the lower flanges of the
beams, and detachable on one side so that they may be
shifted at pleasure as the work progresses. The space above the
arches is filled with concrete, in which are embedded wooden
strips for securing the flooring. To finish the ceiling below,
plaster is generally applied on the bottom of the arches, directly
to the brick work. The horizontal thrust of the arches is
provided for by the use of tie rods, from 3¢” to 3" diameter,
spaced along the center line of the beams, or a little below, at

regular intervals of from b to 7 feet. The thrust of these arches
per lineal foot can be found by the formula T-E‘I;Tf in which
W is equal to the load per square foot, R the rise of the arch in
inches, and L the span in feet. The tierods in the arch abutting
against the wall are securely anchored to the wall; an angle,
channel or simply 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 description, that is, 4” brick arches,
conerete and flooring, exclusive of the weight of the beams, will
average about 70 pounds per square foot.

Corrugated iron may be used instead of the brick arches. It
is placed against the lower flanges of the I-Beams, and thus se-
curely held in position, while the space above isfilled with grouting.
Tie rods are used the same as in the previous case. The distance
between beams should be limited to 5 or 6 feet. The corrugated

iron is usually left exposed below to form the ceiling, and itis thus
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open to the objection that the moisture in the atmosphere may con-
dense upon the surface of theiron in sufficient quantitiesto drop into
the room below. Ceilings of this kind should therefore be restricted
in their use or the iron properly protected from contact of the air.

Two modern types of fire-proof floor constructions, and
which have grown in favor so rapidly as to be used now almost
to the exclusion of all others, are illustrated on page 87, Figures
4 and 5, The arches in this case are formed of hollow blocks,
consisting of burnt fire-clay or similar refractory material. These
are furnished by the manufacturers in a great variety of patterns
and of a strength to meet the desired requirements,

In regard to their composition, there may be said to exist two
distinctive varieties.

In the first, known as hollow pottery, the material consists of
burnt fire-clay, and differs from the second variety, called
“porous earthenware,”” in being thinner, harder, and more
compact,

In the second variety the clay, before it is burnt, is mixed in
considerable proportions with sawdust and finely-cut straw,
which, being consumed during the process of burning, leaves the
material in a finely honeycombed state.

Figures 4 and 5, on page 87, show two methods of construc-
tion of hollow pottery and porous earthenware arches, The
method illustrated by Figure 5 is the later and better.

From tests recently made it appears that this latter construc-
tion gives the best results in regard to strength. This is evi-
dently due to the fact that the full section of the material is
placed in its most advantageous pesition to take the direct
pressure coming thereon,

‘When used in floor construction both varieties of arches 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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secured. The joints are all made radial, and the blocks should
be thoroughly cemented together. They are made to project
about 1 inch below the bottom flange of the I-Beams, which are
further protected by the insertion of a thin strip of tile. The
weight and cost of both hollow pottery and porous earthenware
are about the same, and, through their superior lightness, possess
an important advantage over the brick arch. The saving in
weight amounts to from 40 to b0 per cent., thus warranting more
economical proportions for the iron framing, while in other re-
spects the cost of this construction is about the same. The
weight of these arches per square foot of floor, without plaster-
ing, concrete or flooring, is about as follows :
12 arches, used for warehouses, 45 pounds.

forine % theatres, 36 pounds,
ok “ & office buildings, 30 pounds.
gl P “ ¢« light purposes, 22 pounds.

For long spans or unusually heavy loads special arches should
be constructed. A combination arch, to satisfy this purpose is
shown on page 87, Figure 6. It consists of hollow fire-proof
blocks of the ordinary dimensions, as used for partitions, from 4
to 127/ wide end about 127/in depth, set end to end and sup-
ported by steel or iron tension straps fastened by good and sub-
stantial means to the webs or upper flanges of the beams, These
straps must be of sufficient strength and placed between the
successive rows of the fire-proof blocks, The space over the
straps and between the fire-proof blocks is filled up with
Portland cement, thus uniting the blocks and producing a
solid floor. The fire-proofing, therefore, no longer serves the
function of an arch, but merely takes the compression caused
by the strap, whose tendency is to pull the floor beams together.

The straps should be at least 114 wide and not less than ¥/
in thickness, Tests made by Carnegie, Phipps and Co , Limited,
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with this combination construction have given very satisfactory
results, .

The following are the usual assumptions made in good practice
for superimposed loads :

Floors of dwellings and offices, 70 Ibs, per sq. ft.
% @ churches, theatres and ball rooms, 125 Ibs. « « « .
“ % warehouses, 200 to 250 Ths, « «
“  for heavy machinery, 250 to 400 Ths, « « «

It has been shown by a careful investigation that the weight
of a crowd of people, densely packed, will not exceed 80 Ibs, per
square foot.

The cost of fire-proof floor construction has been further
greatly reduced by the substitution of steel for iron in the man-
ufacture of I-Beams and channels. The former material recom-
mends itself, not only for its superior strength, but also by its
use the rolling of much lighter sections than in iron has been
rendered practicable, From the table of I-Beams on page 61
it will be noted, for example, that the lightest weight of a 12/
I-Beam in iron is 42 pounds per foot, whereas in steel a beam of
this depth can now be furnished at a weight of only 82 pounds
per foot. A similar ratio exists for other sizes of beams.
The relative increase of load obtained thereby and the resulting
economy is illustrated by the following :

Safe load 127 T of 42 Ibs. (old pattern) iron . . . . . . . 1.00
“ 4 BT« (mewpattern)if fon uiv s o o135
MURgUA T | # R ) Y 1.67

‘Where girders extend below bottom of floor beams they are
made fire-proof by surrounding them with hollow earthenware
blocks especially made to fit the bottom of the beams, as shown
on page 87, Figures 1, 2 and 3.

An example of fire-proof tile construction, as applied to ceilings
and roofs, is given on page 88, Figure 2. For ceilings the T-Trons
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are suspended from the lower flanges of the I-Beams at intervals
of 12 or 157, and support a layer of very thin tile, weighing about
5 pounds per square foot, to which the plastering is applied. For
roofs somewhat heavier T-Irons are used, resting on the top
flanges of the I-Beams and spaced about 18" apart. The tiling,
weighing about 10 Ibs. per square foot, may be covered with
concrete, then with a layer of felt and gravel, or, in the case of
slate roofs, the slate may be nailed directly to the tiling,

A semi-fire-proof comstruction is shown on page 88, Figure 1,
and consists of angles resting on the top of the floor beams,
and supporting woodenstrips. The finished fioor can be directly
nailed on these latter, which are spaced from 1210 16 inches apart.
The ceiling is composed of wire lathing, which is fastened to
T-Trons suspended from the floor beams and spaced about 18~
apart. The plastering is directly attached to the wire lathing,
and thus a level ceiling is obtained.

Wire lathing can also be used to good advantage in fire-proofing
columns and girders, and has shown itself to be of great utility
in many instances where hollow pottery cannot be used.

On page 88 Figure 3,is given an elevation and section of
three methods used for the constructicn of fire-proof partitions.
One consists of the ordinary fire-proof square blocks, set with
broken joints and held at intervals with light I-Beams, which
take the place of wood studding,

In the second method the space between the I-Beams is filled
with a new material called plaster boards. The third method
consists of wire lathing attached to the outsides of the I-Beams
and stiffened at intervals of 2 feet with angle irons, Plastering
is applied directly to the outside of all these surfaces.
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GIRDERS IN BUILDINGS.

In the design of a building, cases may occur where a single
I.Beam girder will not answer, It may be found desirable to
increase the lengths of the spans so as to reduce the number of
supporting columns to a minimum, or perhaps heavy concen-
trated loads, such as vaults, brick walls, etc., will render single
1.Beam girders inadequate  On page 98, Figs. 11 to 17, inclusive,
are shown various forms of girders that may be used in such
cases. Where the ends of the girders rest upon the wall, cast
or wrought iron bed plates (Figs. 12 and 13), should be used to
distribute the pressure over a greater surface, and thereby pre-
vent the crushing of the material in the wall directly under the
girder. In some cases a tough, large stone will answer without
the plates (Fig. 11), but where the pressure is heavy, both plates
and stone should be used (Fig. 13).

The allowed pressure per square foot for brick work should
not exceed six tons, and for stone, twelve to twenty tons, accord-
ing to its character.

For spanning openings in brick walls, girders composed of
two or more I-Beams, connected by bolts and separators (Figs.
13 and 16, page 93), are most commonly used.

The probable line of rupture, where the bricks have been laid
regularly, if the girder should fail, will be found to be inside of
the sides of an isosceles triangle whose base is the span and
whose height is 14 of the span. In order to be entirely on the
safe side, the weight of wall between vertical lines directly over
the girder for a height equal to that of the triangle is frequently
adopted as the load to be carried. It should be noted however
that for green walls or walls having openings, this rule does not
apply.

Placing the weight of brick work at 112 Ibs. per cubic foot,
the weights per superficial foot for different walls are as follows :

1 LT A R SR T o e o Sk IS,
SRR RS e s e e B s R R L 3k
s D L R A e s L 168 «
cH b Nl s AR F ¢y e 206 ¢
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EXPLANATION OF TABLES ON CARNEGIE
SECTIONS,

Paces 105 TO 128 INCLUSIVE.

These tables have been calculated for the lightest weights to
which each shape or pattern can be rolled, Heavier weights
can be rolled in the same grooves by separating the rolls, but
they are not kept in stock, and can only be obtained by special
rolling.

The tables on pages 106 to 108 for steel beams, and on pages
109 to 111 for iron beams, give the loads which a beam will
carry safely (distributed uniformly over its length) for the dis-
tances between supports indicated. These loads include
the weight of the beam, which must be deducted in order to
arrive at the met Jload which the beam will carry.  On pages 112
to 120 will also be found the safe loads for other sections, °

For beams of heavier sections than those calculated in the
tables, a separate column of corrections is given for each size,
stating the proper increase of safe load for every additional pound
in the weight per foot of beam. The values given are based ona
maximum fiber strain of 16,000 Ibs. per square inch for steel and
12,000 Ibs for iron beams.

Tthas been assumed in these tables that proper provision is
made for preventing the compression flanges of the beams from
deflecting sideways, They should be held in position at distances
not exceeding twenty times the width of the flange, otherwise the
strain allowed should be reduced as per table, page 104.

The price per pound of steel and iron beams being the same,
considerable economy can usually be effected by using the former,
owing both to the superior strength of the material and also to
the fact that lighter weights can be rolled for steel than for iron
beams. Since the strength of beams of equal weight, increases
largely with their depth, the important advantage thus gained is
evident.

In some instances deflection, rather than absolute stremgth,
may become the governing consideration in determining the size
of beam to be used.  For beams carrying plastered ceilings, for
example, it has been found by practical tests that, if the
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deflection exceeds yjgth of the distance between supports, or
Jsth of an inch per foot of this distance, there is danger of the
ceiling cracking. This limit is indicated in the following tables
by cross lines, beyond which the beams should not be used, if
intended to carry plastered ceilings, unless the allowable loads
given in the tables are reduced.  The following method can be
used to obtain the reduced loads :

Multiply the load given immediately above the cross line by the
square of the correspending span, and divide by the square of the
required span; the result will be the requirved load.  See exam-
ple 11T below.

A table of deflections of Carnegie sections is given on page 105.

Tt may generally be assumed, both for rolled and built beams,
that the above limit is not exceeded so long as the depth of the
beam is not less than J; of the distance between supports for
iron (34 inch per foot), or Ji; of this distance (3¢ inch per foot),
for steel beams.

Inasmuch as the carrying capacity of beams increases largely
with their depth, and it is therefore economical to use the greatest
depth of beam consistent with the other conditions to which it
is necessary to conform, (as clear height, etc.), the above cases
of extreme deflection will rarely be met with in practice.

As the deflection of beams is not very uniform in either iron
or steel, the question of the relative deflection of iron and steel
beams can be decided only from the average results of alarge
number of tests. Such experiments as have been made, though
insufficient in number to be conclusive, indicate that a steel
beam will deflect slightly less than an iron beam of the same
section, under the same load, in about the inverse ratio of
the moduli of elasticity for these materials as generally assumed,
or say as 14 to 15.

The tables on pages 121 to 128, inclusive, for steel beams give
the proper spacing, center to center of beams, for loads varying
from 100 to 1756 bs. per square foot, and for spans ranging in
length from 5 to 80 feet. The spacing of beams is inversely pro-
portionate to the loads; therefore, for a load not given in thetable,
as for instance, 200 Ihs. per square foot, divide the spaces given
for 100 1bs, per square foot by two, etc.
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HXAMPLES OF APPLICATION OF TABLES.

I. What will be the most economical arrangement of floor-
beams and girders for canrying a load of 150 Ibs,, including
weight of floor, assuming the floor to be supported by brick
arches resting between the beams and carrying a plastered
ceiling below ?

Answer : The spacing of floorbeams for brick arches, as stated
above, should not exceed 6 feet. Referring to pages 125 and 126,
we find the deepest steel beam corresponding to this space (above
horizontal cross lines) to be a g7/ I, 21.0 lbs,, with a length of
span of 15 feet. The girders to which the floorbeams are
framed should, therefore, be spaced 15 feet apart, and from the
table we find that either a 207/ I, 64 Ibs., 23 feet long, or a 15"/
I, 50 Ibs,, 18 feet long, will answer. By using the former, the
number of supporting columns will be reduced, but the weight
of the girders increased. The relative cost must be determined
by the circumstances of the case, 1. ¢., length of columns, etc.
The headroom required may render it necessary to use a double
girder of shallower beams, say 2—10// I beams, 25.5 Ibs., 15
feet long. »

II. What size and weight of beam 19’ 6// long in clear
between walls, and, therefore, 20" o/ long between centers of
supports, will be required to carry safely a uniformly distributed
load of 16 tons, the weight of the beam included ?

Answer : From the table for stee/ beams, a 157/ I, 41.0 Ibs.,
will carry safely, for a span of 20 feet, 15.08 tons, or 0.92 tons
less than required in this case. From the next column we find
that for every pound increase in weight of beam, we may add
0.20 tons to the load. Hence, for 0.92 tons, we must increase
the weight per foot of beam by 0.92 <+ 0.20 = 4.6 Ibs,, 1. e.,
the beam required should weigh 41.0 4 4.6 = 45.6 Ibs. per
foot.

For iron beams we find, for a span of 20 feet, the next lowest
value from the table to be 13.94, or 2,06 tons less than required.
This is fora 15’/ I, 50.0 Ihs. In this case we must add to the
weight of the beam 2.06 =+ 0.15 = 13.7 Ibs., making a total of
63.7 Ibs, per foot for this shape. It will be more economical,
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therefore, to use the 167/ I, 60.0 Ihs. given in the next column.
This beam, from the table, will safely carry a load of 16.68 tons
for a span of 20 feet.

The saving effected in this instance by the use of a steel beam
amounts to about 24 per cent.

ITI. What load uniformly distributed, including its own
weight, will a 15’/ steel T Beam, weighing 50,0 Ibs. per foot,
carry for a span of 30 feet, without deflecting sufficiently to en-
danger a plastered ceiling?

Answer : From the table for stee/ beams we find, at the limit
indicated for plastered ceilings, that a 15"/ 50 Ib. beam will
carry safely a uniform load of 15,06 tons over a span of 25 feet,
In order not to give rise to undue deflection, the safe load for a
30 foot span, according to the rule given on page 102 will be
1—5-'% B - 10.46 tons.

From the table for i{ron beams, we find that at 15/ I of the
same weight per foot (50.0 1bs.) will carry safely, over a span of
30 feet, a uniformly distributed load of 920 tons, The saving
in favor of the steel beams with these conditions will, there-
fore, be not more than 11 per cent. If, however, ihe spans
were arranged o as not to exceed 25 feet in length, (the limit
indicated in the tables by cross lines for 15’/ steel beams) the
saving realized by the use of steel would be almost 26 per cent.

BEAMS WITHOUT LATERAL SUPPORT.

P ion of T i
lagh dbmm, PTG AT
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DEFLECTION COEFFICIENTS FOR CARNEGIE
SHAPHS, GIVEN IN 64ths OF AN INCH.

DISTANCE BETWEEN SUPPORTS, IN FERT.

m’
Index.

6 8 10 |12 (14 | 18 | 18 | 20 1 22

0.8. .| 881 67.8| 1059 | 1525 | 207.6 | 271.2 | 343.2 | 4237 | 512.7
0.8 .| 208/ 53.0| 82.8/119.2162.2 | 211.8 | 268.1 | 331.0 | 400.5
0.L .| 807| 54.6| 8531229 |167.3 | 2184 | 2765 | 841.3 | 413.0
0.1 256 | 455 | 71.1|102.4 | 1894 | 182.0 [ 280.4 | 284.4 | 3442

DISTANCE BETWEEN SUPPORTS, IN FEET.

%4 | 26 | 28 | 30 | 82 1 34 | 36 | 38 | 40

0.8 . (6102|7161 |830.5 | 9534 maaq'ms.o-:mo 1530, | 1695,
/.8 . |476.6 |550.4 | 648.8 | 744.8 | 847.4/ 956.6/1073.0 1195, | 1324,
0.1 . 4915 576.8 ) 669.0 7680 | 873.8 986.4 1106.0| 1232, | 1365,
0.1 . |409.6 | 480.7 | 557.5 | 640.0 7283 820 9216 1027. | 1138

Figures given opposite C. S. and C”. S, are the deflection coeffi-
cients for steel shapes, subject to transverse strain for varying
spans, under their maximum uniformly distributed safe loads,
derived from a fiber strain of 16000 and 12500 respectively ;
the modulus of elasticity being taken at 29,000,000, Figures given
opposite C. I. and C’. 1. are for iron beams, under their uniformly
distributed safe loads, derived from a fiber strain of 12000 and
10000 respectively, the modulus of elasticity being taken at
27,000,000. To find the deflection of any symmetrical shape
used as a beam under its corresponding safe load, divide the
coefficients given in the above tables by the depth of the beam,
This applies to such shapes as I-Beams, channels, Z-bars, etc.
For those beams having unsvmmetrical axes, such as tees, angles,
ete., divide by twice the greatest distance of the neutral axis from
the outside fibre.

Examrre:—Required the deflection of a 127/ I-Beam, 32 lbs,,
20 fi. span under its maximum uniformly distributed safe load of
9.88 tons, as given on page 106. The above tables give 423.7 as the
deflection coefficient; dividing this by 12, gives 35.3 as the
required deflection in 64ths of an inch.

For deflections due to different systems of loading, see page 134.
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SAFE LOADS, UNIFORMLY DISTRIBUTED, FOR
CARNEGIE I BEAMS.

IN TONS OF 2,000 LBS

STEEL.

inereass in waight. |

167/ 1.

Distance between
Add for every b,

inereass in weight.

supports in feet,
s
Add for every 1b,

60
Ibs. | Ibs, | lbs | lbs

_Add for every Ib,
inerease in waight
|
_Add for every Ib,

increass in waight,

[
=

0.53]64.4050.93|0.44/46.58 38.18
13 170.41/0.49|59 45(47.01(0.40142.99|35.24
14 |65.38|0.46/55.20 43.66/0.37(29.93 | 32.72
61.02|0.43151.5240.75|0.3537.26 30.54
57.2010.40}48.30/38.20/0.33|34.93 28 63
53.8410.38145.46(35.95(0.31{32.88 26,95
50.85|0.36]42.93|33.96(0.29131.05|25.45 16,75
19 48.17(0.34]40.67|32.17|0.28[20.41 | 24.11 15.87|0.

20 |45.76(0.82|38.64(30.56|0.26{27.94(22.91 | 18.83| 15,08 0.
21 |43.58(0.30{36.80{20.10/0.25{26.61 |21.81|17.98{14.36
41.60/029]35.13|27.78|0.24]25.40(20.82|17.12/13.71
39.7910.28]33.60{26.58|0.23{24.30/19.92|16.37|13.11)0.
38.140.27]32.20{25.47|0.22{23.29119.09| 15.69{12.57 | 0.
36.61/0.26{30.91(24.45|0.21 %18.2% 15, Y

1 1

33.00(0.24/28.62|22.64|0.19}20.70116.97|13.95(11.17 0.

82.69(0.23127.60/21.83/0.19{19.96/16.3613.45/10.77
19.27115.80{12.98/10.40
18.63115,2712.55/10.05/0.
18.03|14.78|12.15| 9.73/0.
17.46/14.32|11.77| 943)0.
16.94/13.88(11.41| 9.14

16.44 18.48/11,08| 8.87/0.11| 7.36| 5.81
!

_
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Safe loads given include weight of beam. Maximum fiber strain,

16,000 Ibs. per square inch,
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SAFE LOADS, UNIFORMLY DISTRIBUTED,
FOR CARNEGIE T BEAMS.

IN TONS OF 2,000 LBS.

STEEL.

22| wr [£2| or |FR[ 22| &1 |53
= E.a ga z4 E 5
sg e & 27 21 E g E‘ 22 18 &
g 8| ne | M E_g The | 1bs ‘ﬁ_g 5 g e | me |
12 [14.33|10.99 | 0221092 | 8.33 | 0.20 5 | 19.16 | 15.40 | 0.42
13 [13.23|10.15]/ 020 10.08| 7.69 | 0.18 6 |15.97|12.83 | 0.356
14 |1220| 942)0.19] 9.36| 7.14|047)| 7 |13.69)11.00|0.30
16 {11.47| 879|017 8.74| 6.66|0.16 8 [11.97( 9.63]0.26
16 [10.75| 824|016 819 6.25)0.15 9 [10.64| 856|0.23
17 [1012| 775(0.45] 7.71| 588|044 10 | 9.58( 7.70 | 0.21
18 | 956| 7.33(015] 7.28| 555|043 11 | 871 7.00|0.19
19 | 0.05| 694]014] 690| 526 0.42] 12 | 7.98) 642|017
20 | 860/ 6.60]0.13| 656| 5.00(0.42] 13 | 7.37| 5.92]0.16
ot | s.19] 628|0.12] 624| 476|0a1| 14 [T6SL[ 6501 0.5
92 | 782 6.00|0.12| 596| 454 [041] 15 | 6.39| 513 0.14
23 | 748| 574(011] 573| 435|010 16 | 599| 481013
94 | 7.17| 550[011] 546| 417|010 17 | 5.64| 453|012
2 | 688 528(010]| 524| 4.00(009] 18 | 532, 428|012
26 | 6.62| 507/010] 5.04| 3.84(0.09]| 19 | 5.04| 405|011
97 | 637| 489|010] 4.86| 370|009 20 | 479| 385|010
28 | 614| 471)009| 4.68| 357|008 21 | 456| 3.67|0.10
29 | 593| 455]0.09| 4.52| 345(0.08 o8| Ry oy P
30 | 5.73| 4.40(0.09| 437 3.33|0.08 " Al BRG] e

Safe loads given, include weight of beam. Maximum fiber
strain, 16,000 Ibs, per square inch.
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SAFE LOADS, UNIFORMLY DISTRIBUTED,

FOR CARNEGIE I BEAMS.

IN TONS OF 2,000 LBS.

STEEL.

7L

AT 5 L 47 L.

Distance between
rzﬁ*ﬂ foot,
2

51
E

16 13 3| 10
s | lbs Ths, | Ibs,

Add for overy 1b.
inorease in weight.
Add for every 1h,

increass in weight.
inorease in weight.

Add for every b,

A

Ib,

Add for
inorease in weight,

15.14
12,62
10.81

@ 00~ o= Ot

841

10) 7.57
1] 688
12] 631

11.760.37|10.18 | 8,35 [ 0.31 [ 6.70 | 5.29 | 0.26 | 4.12|3.14
9.80(0.31| 8.48|6.96|0.26|5.58 | 4.41]0.22]3.43 [2.62
840(0.26] 7.27(5.96)0.22]4.79|3.78|0.19]2.94 | 2.24

7.35023| 6.36(5.22(020)4.19|3.31|0.16[258 1.9
6.53(020| 5.66|4.64|0.17[372 | 294 0.15|2.29 [ 1.74

5.88/0.18| 5.09(4.18/0.16{3.85 | 2.65|0.13|2.06 | 1.57
5.85(0.17| 4.63[3.80(0.14]3.05|2.40|0.12|1.87 | 1.43
4.90]015| 4.24(3.48(0.13[2.792.20|0.11|1.72| 1.31

13| 5.82

14| 541
15| 5.06
16| 473
17| 445

18] 421
19| 3.98
201 3.79
21| 3.60

452014 8.92/3.21(0.12]2.58/2.03|0.10{1.58|1.21

420/0.13| 3.64(2.98(0.11]|2.39|1.89 (0,09} 147 1.12
3.92(0.12 3.39(2.78)|0.10|2.23|1.76 | 0.09 | 1.87 | 1.05
3.68/0.11| 3.18|2.61(0.10|2.09|1.65 0.08}1.29|0.98
8.46/0.11] 2.99|2.46|0.09]1.97|1.56|0.08] 1.21 | 0.92

3.27/0.10| 2.83/2.32(0.091.86|1.47 0.07 | 1.14| 0.87
2.09/0.10] 2.68/2.20(0.08]1.761.39|0.07 | 1.08| 0.83
2.94/0.09| 2.55(2.09|0.081.68|1.32{0.071.03|0.79
2.80/0.09| 2.42/1.99|0.07{1.60|1.26{0.060.98{0.75

017

Safe loads given, include weight of beam.

strain, 16,000 lbs. per square inch.

Maximum fiber
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IN TONS OF 2000 LBS.

SAFE LOADS, UNIFORMLY DISTRIBUTED,
FOR CARNEGIE I BEAMS,

IRON.
i3 1 5% 127 1. ﬁ% 10%71.| 1071 E\?
?%z . g_a E.E g.ﬁ
= " - 30
dhe e (e al e e al o uda |22l
)
12 stg?.aqza.zs! 25| 10371527 201280 A7
13 33,3925.6621.45 .23 17.8814.09 .18 1181] . 15
14 310023831991 21 |16.6013.09 .17 107 14
15 28.9322.241859) .20 15.4912.21| 161024 13
16 iz7.13‘-m85,-|17.43. 19 14.52i11.4,5i 15| 9.60 7 42
17 25,5310.6316.40 .18[13.671078 14| 0.04 7. .12
18 241118531549 .17) 12911018 .13 853 d.11
19 228417.5614.67) .16 1223 0.64 .13 s.gﬁ { .11
20 217016631394 15[ 11.62 9.16 .12 7. 3 .10
21 *20.6’215.39'13.23: a4 11.0'3 m" A 731 5, 10
23'19.7345.17;&6 14]1056 833 .11 698 5:71] 723 09
23 188714511212 13]10.10 797 .10 6.68 5.46) 6. 09
24 {180818.9011.62 13| 9.68 769 10| 6405 g .08
2 (17.3618.3411.15 .12[ 930 738 .10 614 5, 67] .08
26 imss'm.ss!w.?z‘ 12| 894 7.05 .09] 5.91 4. .08
27 160712351033 .11 [ 861 m‘ 00| 569 465 5.89 506439 .07
28 15,501191) 9.96 A1 830 654 .09] 549 44 5.&5 88417 .07
20 14.961150 961 40| 801 632 .08| 530 439 5.4 ol .07
30 ‘-Ldmz 020 10| 7 611 08| 612 4195 .07

Safe loads given include weight of beam.
strain, 12,000 lbs. per square inch.

Maximum fiber

—
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FOR CARNEGIE I BEAMS.

IN TONS OF 2,000 LBS.

IRON.

K &

Ib.

LT

idd 5

2
e

2
1bs.

Add for
increass in weight.

27
Ibs,

Add for avery Ib.

inereass in weight.

22‘18
Tbs. | Ibs.

SAFE LOADS, UNIFORMLY DISTRIBUTED,

_Add for every Ib, |
increase in weight, |

12 |1142
13 |10.26
14 | 053
15| 890
16 | 8.34

17 | 7.85
18 | 741

BLBVBY BnRBE

817
7.54
7.00
6.53
6.13

577
544
510
490
4.67

445
4.26
4.08
3.92
3.77

3.63
3.50
3.38
327

6.83

6.31| .
5.86| .

5.47

513 .

482 .
456/ .
.
410/ .
8,90/ .

373
3.57
342
3.28
3.15

3.04
2.93
2.83
273

5 120.39
6 116.99
7 |14.56
8 112,74
911133

10 [10.20

12 ] 849
13 | 7.84

15 | 6.80
16 | 637
17 | 6.00
18 | 5.66
19 | 537

20 | 5.10
21 | 485

4.4
413
3.89
3.68

3.48]

3.1 .
3.15| .

11.85/10.11] .
9.88| 843 .

847| 7.2
741| 632
658| 562

5.93| 5.06| .
530| 4.60| .

456) 38| .
423) 861/ .

395 3.7 .

3.70| 3.16
349 297

3.12| 2.66
2.96| 2.53
2.82| 241

e by

Safe loads given, include weight of beam. Maximum fiber
strain, 12,000 lbs. per square inch.
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SAFE LOADS, UNIFORMLY DISTRIBUTED,

FOR CARNEGIE I BEAMS.

IN TONS OF 2,000 LBS.

IRON.

16
1bs.

Distance between
supports in feet,

i 4

b,

Add for &
increase in weaight.

134
b,

i

12 10
Tbs, | Ibs,

_Add for every Ib.

increass in weight,

_Add for every Ib.
increass in weight,

_Add for every 1b.
inereass in weight

5| 7.74
6| 6.45
7553
8484
91430

6.51 | 0.24
543 | 0.20
465|017
4,07 | 0.5
3.62| 0.13

3.26| 012
2.96 | 0.1
271 [0.10

Safe loads given, include weight of beam,

2.50 | 0.09

2.33 | 0.09
217 | 0.08
2.03 | 0.08
1.91 [ 0.07

1.81 [ 0.07
1.71 | 0.06
1.63 | 0.06
155 | 0.06

4,60 | 4,00 { 0.20
3.83 | 3.33 | 0.17
3.20 | 2.86 | 0.14
2.88 (250 | 0.13
2.56 | 2.22 | 0,11

2.30 | 2,00 | 0.10

2.00 | 1.82 | 0.09
1.92 [ 1.67 | 0.08
177 | 1.54 | 0,08

1.64 | 1.43 | 0.07
1,63 | 1.33 | 0.07
1.44 | 1.25 | 0.06
1.35 | 1.18 | 0.06

1.28 | 1.11 | 0.06
1.21|1.05 | 0.06
1.15 | 1.00 | 0.05
1.10 [ 0.95 | 0.05

2.28
1.90
1.63
1.43

1.48

1.23
1.14

1.06
0.99
0.92
0.87

0.82
0.78
0.74
0.70

127

1.14
1.04
0.95
0.88

0.81
0.76
0.71
0.67

0.63
0.60
0.57
0.54

|

0.16
0.13
0.11
0.10
0.09

0.08
0.07
0.07
0.06

0.06
0.05
0.05
0.05

0.04
0.04
0.04
0.04

2.08
1.73

1.49
1.30
1.16

1.04

0.74

0.69 |

0.65
0.61

0.58
0.55
0.52
0.50

strain, 12,000 lbs, per square inch,

0.12
0.10
0.09
0.08
0.07

0.06
0.05
0.05
0.05

0.04
0.04
0.04
0.04

0.03
0.03
0.03
0.03

Maximum fiber




CARNEGIE, PHIPPS & CO., LIMITED.

fe Loads
e Ggmm

Tons of 2000 Lbs. Uniforml
Deck Beams and Bulb

Distributed for
les.

$1

gl

Maximum Fiber Strain, 12000 [bs. per Square Inch.

DECK BEAMS — DISTANCE BETWEEN SUPPORTS, IN FEET.

B

i

8 )

10 | 12

14| 16| 18

@~~~ 00 00

35.0
26,7
30.0
26.0
24,0
19.8
23.0
17.8
23,0
17.0
18.0
15.0

17.10
14.11

14.66
12.09
1117
10.13

12821140
10.58| 9.41
9.77| 8.69
8.86( 7.88
7.04| 6.20

10.26
8.46

$050 8 00 B B oI a
ES8EI[ESB

2.90

7.33|6.41 570
6.055.29 | 4.70
5,50 4.89 | 4.34
5,06 (4.43 | 3.94

SoG~NNNNOOTe o o

5.88

-
oo

19 10 £5 10 05 29 55 =
BEREEE=R

2,02

| -
|jorama~wnes
|

—STEEL

283| 252
2.03| 181

. Maxmum Fiber Steain, 10000 Lhs, por

oo o~NOe o

9.45
6.88
6.57
4.56
3.59
3.14
2.69

L1984

827] 7.35
6.02| 536
487| 4.33
399| 855
3.14| 279
275 2.44
236 209
169 151

6.61
482
3.90
3.19
2.51
220
188

1.35

5,51
4.02
3.25
2.66
210
1.83
157

1130,
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CARNEGIE, PHIPPS & CO,, LIMITED.

SAFE LOADS, UNIFORMLY DISTRIBUTED,
FOR CARNEGIE CHANNELS.

IN TONS OF 2,000 LBS.

STEEL.
< 7 & '§‘° o = En ’ o '% ' & E
E e | 5 e | £ 107/ 1. = 9L, it
§ Eé. E‘s 20 -;-g 1514 E‘s 12 -E.g
EF| b |3 g e | F5 | b | 3 g e | B
10 | 2024 | 040 | 1043 | 031 | 68t | 025 | 514 | 024
11 | 1840 | 033 | 953 | 028 | 619 | 024 | 467 | 022
1211688 | 033 | 873 | 023 | 567 | 022 | 428 | 02
13 | 1557 | 030 | 803 | o2t | 523 | 020 | 395 | 0.18
14 | 1445 [ 028 | 740 | 022 | 486 | 019 | 367 | 047
15 | 1349 | 023 | 699 | 021 | 454 | 017 | 842 | 016
16| 1265 | 025 | 655 | 020 | 425 | 016 | 82t | 015
17 | 1190 | 023 | 617 | 018 | 400 | 015 | 302 | 0.14
18| 1124 | 022 | 582 | 017 | 878 | 015 | 285 | 018
19 | 1065 | 02t | 552 | o017 | 858 | 014 | 270 | 012
20 | 1012 | 020 | 524 | 016 | 840 | 043 | 257 | 042
o1 | 964 | 019 | 499 | 015 | 324 | 012 | 245 | 011
99 | 920 | 018 7 476 | 014 | 3.00 | 042 | 233 | 041
93 | 880 | 047 | 456 | 014 | 296 | 011 | 228 | 010
o4 | 843 | 046 | 437 | 013 | 28¢ | 011 | 214 | 010
o5 | 809 | 015 | 419 | 013 | 272 | o010 | 205 | 0.00
o6 | 778 | 045 | 403 | 012 | 262 | 010 | 197 | 0.09
o7 | 749 | 045 | 883 | 012 | 252 | 010 | 1.90 | 0.00
o8 | 793 | o044 | 37t | o1t | 243 | 009 | 1.8 | 008
o9 | 693 | 014 | 261 | o1t | 235 | 009 | 177 | 0.08
30| 675 | 013 | 34 | 010 | 227 | 009 | 171 | 008

Safe loads given include weight of channel, Maximum fiber
strain, 16,000 1bs, per square inch,
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CARNEGIE, PHIPPS & CO,, LIMITED.

SAFE LOADS, UNIFORMLY DISTRIBUTED,
FOR CARNEGIE CHANNELS.

IN TONS OF 2,000 LBS.

STEEL.

6’ L

Add for every 1b,
indeod o 0

Add for every Ib.
increass in weight.

_Add for every Ib,

increasein weight,

1b,

4L

5
Ibs.

Add for
inorease in we'ght. |

Add for every Ib.

increass in weight.

a1 179 | 0.10
2| 171 | 0.09
23| 1.64 | 0.09
2| 1.57 | 0.09
9| 15t | 008

531
443
3.79
3.32
2.95
2.66

241
221
2.04
1.90
T d

1.66
1.56
147
140
1.33

1.26
121
1.15
1.1
1.06

3.4
3.28
281
2.46
219

0.63
061
0.8
06 |

Safe loads given include weight of channel.
strain, 16,000 1bs. per square inch.

0.26 | 1.87
0.22 | 1.56
0.19 | 1.34
0.16 | 117
0.15 | 1.04 | 0.12
013 1 0.94 | 0.10

0.12 | 0.85
0.41 | 0.78 | 0.09
0.10 | 0.72 | 0.08

ok sl
HIFE-Ta- e T s
o OF =3 ==

=
—
=

| 0.09 | 0.67 | 0.07

0.09 | 0.62 | 0.07

0.08 | 0.68 | 0.07
0.08 | 0.65 | 0.06
0.07 | 0.52 | 0.06
0.07 | 0.49 | 0.06
0.07 | 0.47 | 0.05

0.06 | 045 | 0.05
0.06 | 0.43 | 0.05
0.06°] 0.41 | 0.04
0.05 | 0.39 | 0.04
0.05 | 0.37 | 0.04

Maximum fiber
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CARNEGIE, PHIPPS & CO., LIMITED.

SAFE LOADS, IN TONS OF 2000 LBS., UNI-
FORMLY DISTR?EATREQI FOR CARNEGIE

Ej ‘ DISTANOE BETWEEN SUPPORTS, IN FEET.
Hiza, a2 [—— = —
haeifv |4 | 5|6 |7(8|0ft0]1a]1a]16
6 | 3 |844|6755.63|482/4.22 375 338|281 241|211
81| 7 | 983)7.88| 6.55| 561|491 | 4.37/3.98 |3.28 | 281 | 2.46
60| 37 (1122|898 7.48| 641|561 | 4.99 449 |374 | 321 | 281
6 | o [11.55|9.24| 7.70| 6.60(5.77 | 5.13| 4.62 | 3.85 | 3.30 | 2.89
6| 56 [12.82(10.26] 855| 7.33|6.41 570|513 | 4.27 | 3.66 | 8.21
634| 1} (14.10(11.28| 9.40|8.06|7.05 | 6.27 5.64 |4.70 | 4.03 | 8.52
6 | 3¢ |14.04[11.23]9.36 8.02|7.02 | 6.24 | 5.61 |4.68 | 4.01 | 351
67 | 19 [15:22/12.18/10.15 | 8.70|7.61 | 6.7 | 6.09 | 5.07 | 435 | 881
614| 7% 16.4013.12(10.93 9.37 820 | 7.29|6.56 | 5.47 | 4.69 | 4.10
5 | o | 534|427 856305 267 (237|218 178152 | 1.33
5oc| 3% | 6:39]5.11|4.26] 3.65(3.19 | 2.84|255 |2.13 1,82 | 1.60
Big| v | 744[5.95(4.96] 4.25(3.72 | 8.31|297 |248 (212 | 1.86
5 | 3 | 767|614 5.12| 4.39(3.84 | 3.41(8.07 |2.56 | 2.19| 1.92
52 T | 862]6.90| 5.75| 4.93 /431 | 3.83|3.45 [2.87 [2.46 | 2.16
514| 56 | 9.57|7.66| 6.38| 547 |4.79 | 4.25|3.83 |3.19 [ 2.74 | 2.39
5 | 11 | 947 7.58| 632 541 |4.74 | 421|879 (3.16 [2.71 | 2.87
5P| ¥ [1034(8.27| 689(591(5.17 459|414 |3.45 [2.05 | 2.58
514| 13 [11.44| 9.15| 7.62| 654 |5.72 | 5.08 | 457 |3.81 [3.27 | 2.86
4 | iy | 914[251]200]1.79(1.57|1.39 1.26 |1.05 0.90 | 0.78
47| P | 8.91(8.13| 261 2.24(1.96|1.74 | 1.56 |1.30 | 1.12 | 0.98
4% 468|374 3.12| 2.67|2.34 | 208 | 1.87 | 1.56 | 1.3¢ | 1.17
4 | 5 | 483(886 322|276(2.41 (214 1.03 |1.61 |1.38|1.21
4/ | 3 | 550|440 3.67| 3.14|2.75 | 2.44 220 183 | 1.67 | 1.38
434 | 5 | 618 4.94| 4.12| 353300 | 274 | 247|206 | 176 | 1.54
4 | 36 | 605|484 4.03|3469.02 269 242 (202 1.73 | 1.51
44| §1 | 665|532| 443|380 333 |296/2.66 |2.221.90 | 1.66
4% 7.26| 5.81| 4.84| 4.153.63 | 8.23 290 |242 | 2.07 | 1.82
3 1.93| 154 1.28) 1.10|0.96 | 0.86 | 0.77 | 0.64 | 0.55 | 0.48
85| 4 | 2.38| 1.90| 1.58) 1.361.19 | 1.06 0.95 |0.79 | 0.68 | 0.59
3 | 3 |258]208|1.72] 1.47/1.29| 114 1.03 |0.86 | 0.74 | 0.64
34| 7 | 298] 238|198 170|149 | 132 1.19 | 0.99 | 0.85 | 0.74
8 | 27 |8.06|245|2.04| 1.751.53 | 136 1.22 | 1.02 | 0.88 | 0.77
8| % | 34312741228 1,961,711 1.5211.37 |1.14 1098 | 0.86
Safe loads given include weight of Z-Bar, Maximum fiber

strain, 12,000 Ibs. per square inch,
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CARNEGIE,

PHIPPS & CO., LIMITED

SAFE LOADS IN TONS OF 2,000 POUNDS, UNI-
FORMLY DISTRIBUTED, FOR CARNEGIE

ANGLES, WITH EQUAL LEGS.

—

DISTANCE BETWEEN SUPPORTS, IN FEET.

Size of Angle, ;—-——I
[ AXA] o2

:%
A,

541
x4 xl2
JA:;A:§

314x81ex

3 8 x36
3 3 xi
235 x%4x bz
202 i
214x24x 14
214x@ex I
2A4xR4x 75
2!4:2‘/5:,‘2
2 22 xyp
2 x2 xdy
EASE A
134x134n %

134x134x34
11¢x134x
134x1%4«

154;11,41;3
14x114x 5
1axllexlg
U | :,'{
s bl | :}3

Zx Jaxy
Téx 3 ,ﬁx}g

15.28
814
10.34
484

6.02
3.04
4.50
230

2.60
1.16
1.78
0.96

1.46
0.80
1.16
0.64

0.80
0.38
0.60
0.28

038
0.21
0.22
0.10

017
0.0

0.11
0.06

6
6
X0
D

S e TOTS S

056

0.76
042
0.44
0.20

0.35
0.16
022
0.12

0.13 | 0.066
0.092, 0.04
0.096; 0.

0% 2 sl el

8

.64 lB.li .09 4.37

07 3.26 271 233
.17{414 45 2,95

42 [1.94 (166 (138
01L241 01 {172 1
152|122|1u1%0

1.80 (1,50 [1.29 [1.18 [1.

1.15 0.92 0.77 [0.66 [0.58 |0.51 [0.46
) 0.74 (0,65 [0.58

|,
|

10.18
5.43

0.89 (0.71 '0.59 51
0.48 038 0.32 10.27

0.73 058 .49 (0.42 10.37 0.32
0,53 [0.40 (0.32 0.27 {0.28
0.77 0.58 |0.46 0.39 0.33
0.43 1032 0.26 0.21 |I} .18 [0.16 (0.14

053 040 0.32 0.27 023 [0.20 (0.18
025 0.19 0.15 0.1 0.1
040 0.30 (0.24 0.20 (0.7 [0.15 (0.13 (0,12
0.19 \014 0.1 0.0830.0800.0700.0620.056

(0.19 015 0.13 ‘011 0.095/0.0840.076

.095(0.084

0.25

0.15 10.1090.0870.073)0.

0. ﬂﬁall} 0400, 039|0 03310.
0.12 008?007000580.

0. 059003900310.0250.
0.0750. 05800450.0870

0.14 |U ,1040.083 0. (}39|0 069 &gﬁ}ﬂ 0,0460.042

048{0044

044'0 0390.035
0.0200.0170.016

t

0.028] .0250.022
0.041/0.0310. 0250 0210018 0.0130 .0140.012

0.0440.033 0.0230.0220 0190.0170.0150.013

0.0320.0240.0190.0160. 014‘0 012,0,011/0.010

AR AT
?’! Vx/g
B¢ /x

0.044) 0,

0.0310.0230.0180.0150.0130.01 uo1n|uoos
0068/ 0.034] 0.0230.0170.0140.0110.0100/

0.0080.007

0. 015|0.011[0 OBBD.DWGDM0.00E;O 00510.004

Sn.fe loads given include weight of Angle.

strain, 12,000 lbs. per square inch,
gravity parallel to one leg.

Maximum fiber
Neutral axis through centre of
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CARNEGIE, PHIPPS & CO., LIMITED.

SAFE LOADS, IN TONS, OF 2,000 LLBS., UNI-

FORMLY DISTRIBUTED, FOR CARNEGIE

ANGLES, WITH UNEQUAL LEGS.
LONG LEG VERTICAL.

DISTANCE BETWEEN SUPPORTS, IN FEET.

Siza of :
Angle. | 1

4

5

=3

8

:gx:t L12.32
xalex X
4 31;3 60
x4 x34 |13.28
376 127,92
xBlax3g 18,00
w4 x7% 19.96
x4 x35 | 9.36
W8ux74 19.52
:3,{:{4 9,16
17.80
3 x 892
43733 x}§ (1448
41, x3 x 7.82
wquﬂ
4 xBlgx 3
4 3 x}3 (1148
4 3 xp | 492
33,x8 x}§ | 880
3103 x5 | 384
334x21x ]t | 740
31 5x2lux]
318 x| 520
B2 x}f | 252
l?.'!'ﬁi]’x 4.60
g :gy_:g 2.%3
2 x 4.
3 2 xjp 192
2342 x 2.80
2&2{ﬁiw
93114y | 236
21 xllex 3 | 0.92
2 xl3x 4 0.92
2 :II'.%!TT 0.72
1361 x, 0.36
1}611 x3% | 0.4

oot LTSS SRS~ ~d

5.74
246
4.40
1.92
3.70
1.50
2,60
1.26

2.30
1.12
2.00
0.96
1.40
0.58
1.18
0.46
0.46
0.36
0.18
0.12

3.89

BEE® S

I e e )
-
-3

Z 255

10.58
5.01
715
3.32
6.98
3.25

0.06

8.46
4,01
5.72
2,66
5.58
2,60
3.99
1.87

3.90
1.83
3.56
1.78
2.90
1.46
2.54
1.20
2.30

B RILERBIRIEIER
SO0 OOSS OoOS POSE SRS

oo
2%

OO DO OO

0.47

1.92

Bo oS B3R eRTR ENBRS

0.40
0.17
0.34
0.13
0.13
0.10
0.06
0.03

529
2,50
3.58
1.66
349
1.63
2,50
117
244
1.15
2.23
1.12
1.81
0.92
146
0.75

o0
=83 |°

S

L85 IB22 8885 BRE

SO OO O e N =100 =

0.93 | 0.82

Safe loads given include weight of Angle.
strain, 12,000 lbs, per square inch,
gr:wiw paral]el to short lew.

Neutral axis through centre of

Maximum

fiber
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CARNEGIE, PHFPPS & CO., LIMITED.

SAFE LOADS, IN TONS, OF 2,000 LBS., UXI-
FORMLY DISTRIBUTED, FOR CARNEGIE

ANGLES, WITH UNEQUAL LEGS.
SHORT LEG VERTICAL.

DISTANCE BETWEEN SUPPORTS, IN FEET.

Size of el PRS-

bge |y 12a|s|a|6|6|7|8|0]10

Buod 1184|592 395 [2.96 | 237 | 1.97 148|192 118
iy | 588 | 294 [ 196 | 1.47 | 118|098 | 084 | 0.74 | 065 [ 0.59
<& x74 1356 | 6.78 | 452 | 3.33 | 2.71 | 2.26 1.70 | 151 | 1.36
x5 | 640 320|213 [ 1.60|1.28 | 107 | 0.91 | 080 071 | 0.64
Bix7 1036  5.18 | 8.45 | 259 | 2.07| 1.73 130( 1.15 | 1.04
246 | 1,64 | 1.23 098 | 0:82 | 0.70 | 0.62 | 055 | 0.49

x x7¢/1324 | 6.62 | 441|831 |2.65 221 1.66| 147 | 1.32
& x35| 628 |3.14 209|157 |1.28 | 1.05 079 | 0.70 | 0.63
x84 74 10,08 | 5.04 | 3.36 | 252 [2.02 | 1.68 1.26 | 1.12 | 1.01
x814x34 | 4.84 | 2.42 [ 161 | 121 0.96 | 081 061 | 0.54 | 048
X3 x13| 696|348 232|174 [139 | 1.16 0.87 |07 | 0.70
;E 356 | 1.78 | 1.19 | 089 | 071 | 059 045 | 040 | 0.3

4143 xi! 684|942 (228171 | 1.37 | 1.14

toreTEn NG R ~l~l
o
N
3
-
2
CODm Ouo— oo

o
uE
PO P o2
83
e
I35
1o
=&
(=N =]

LT TRSE SBIESERS

_
&
coroo

.
S
o
k.3

e
P
=
3
B&
0
]
o
i
&
-
=
.
e
L]

0.97 | 074 | 059 | 0.49 | 0.42 | 0.37 | 033 | 0.30

eo
=3
0
S
g
&
—
to
©
=
R
=3
=
o
-
=)
&
=
P
=
&

814x3 x| 288
815x214x 1+ | 8.96
3gxlgx 1

32 x| 212
3502 xif

3 xBlax/% | 3.28
3 Qx| 1.60
3 2 xl4
3 @ xgp

R RBEsBsRRER2RE R
z
=
3
=
2
=

.09 | 0.
0.16]0.12 | 0.10 | 0.
0.12 { 0.09 | 0.07 | 0.
0
0

= 0,07 | 0.05 | 0.04 0;
1501 x5 | 0.12 021 0.02 | 0.01 | 0.01 | 0.01

003 | 02
Safe loads given include weight of Angle. Maximum fiber
strain, 12,000 Ibs, Fer square inch, Neutral axis through centre of
gravity parallel 10 long leg.

BEEEE2E B8R

OO0 OOCD OO0 OO 1w

i
=
£
= S
o0 OO O

oo
=
=1 —]
=
B
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CARNEGIE, PHIPPS & CO., LIMITED., '

BAFE LOADS, IN TONS OF 2,000 POUNDS, UNI-
FORMLY DISTRIB&'%EBD, FOR CARNEGIE

s | Woight n'smcn BETW'E.KK SUPPORTS, IN FEET, .
Flange ,?ar e b RIEE Bt
h;smu oot | 1 3[al6b 6|7 |8|9]|10
18094079 0.67| 0.59| 0.52| 0.47
1.15 | 0.86 | 0.69 | 0.57 | 0.49 )| 0.43 | 0.38 | 0.84
2.84(213(1.70{1.42(1.22|1.07|0.95| 0.85
1.08 (0.81 | 0.65 | 0.54 | 0.46 [ 0.41 | 0.36| 0.32

.350.94|0.75 | 0.63 | 0.54 | 0.47 | 0.42
0.75|0.56 | 0.45 |0.37|0.32 | 0.28 | 0.25
414:21¢| 9.3 | 2.60 0.87 |0 65|0.52|0.43 | 0.37 | 0.33 | 0.29
4 x5 (153 [1240 4,13 /3.10{2.48 |2,07 | 1.77 [ 1.55 | 1.88

x5 |11.8 | 0.72(4.86/3.24 |243(1.94 1.62(1.39|1.22/1.08
x414| 143 [10.20|5.10(3.40 | 2.55|2.04 (1.70 {1.46 [ 1.28]1.13
x4l 11.2 | 7.9213.96 (2,64 11,98 1.68 [1.32 113 0.99]0.88
x4 (134 | 8.08(4.04[2.69/2.02 1.63]1.35/1.15/1.01/0.90

4 107 | 656(3.28(2.19]1.64/1.31|1.00/0.94|0.82 g;g
' 050 | 0.41 035 0.31/0.28
0.24

0.34(028 0.24 0.21 019

oA

5 13 (133 | 472(2
b x214/108 | 8.44 |1
414814 155 | 852 (4
443 | 85 [ 324/1.

1
1
1
6

AR
=1
-
o
=3
—
—
oo

BEES 883
&
=1
B
(=
ot

4'+x3 (100 | 8.76
44214 80 | 2.24

2958 bPERS

OO0 COoOED o
=

s &R
=7
=
{—]
&
=
[—]
&
5 RBRES

0.16

SO A e e e e e e P b e
>
s
w
—
-]
o
Bo
—
=3
(-]

5 )
[
=3
=]
=2
=~
=
(=
cn
w0
=
=l
(=]
(=]

3'4:4 | 8.7 | 6
3axdig 115 | 6,
S/KUA 90 4
314x31;| 68 | B.7R|1.86
5,
4

o8 (115
3158 (107 | 4
314x8 8.3 | 352|176
3x3 | 7.6 2-38' 1,440

x4 [11.6 | 7.76/3.88]2.
4 |104 | 7.12|3.66]2.
4 | 91
x314 10.7
23| 9.6 | 548|274
1314 8.3
3| 98 | 440/2:20]1

Safe loads given include uclg’ht of Tee. Maximum fiber strain,
12,000 lbs, per square inch,

=
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[ —3
o
&0
SR OO0 o0
0 = oy O mg-ﬂ-
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o
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=3
o
&n
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CARNEGIE, PHIFPS & CO., LIMITED.
SAFE LOADS, IN TONS OF 2,000 POUNDS., UNI-
FORMLY DISTRIBUTED, FOR CARNEGIE
TEES. —Continued
Size | Weiglt| DISTAKCE BETWEEN BUPPI]MS. IN PEKT
Flange par | — — ——— e —
by Stem. | fool. | 3 23ii6l7 3{9 10
3 3 | 89 | 404202(1.351.01 0.81|0.67 | 058 0.51|0.45 | 0.40
3 3 | 7.6 | 344 1.72|1.15|0.860.69(0.57 | 0.490.43|0.38 | 0.34
3 «3 | 65 | 296/1.48]0.990.74/0.59(0.49 | 0.42|0.37|0.33 | 0.30
3 x21¢| 7.0 | 240 1.20 0.80|0.60 0.48)0.400.34/0.30|0.27 | 0.24
3 24| 6.0 | 2.081.04/0.69|0.52|0.42)0.35 |0.30|0.26 |0.23 | 0.21
234x2 | 7.2 | 3.00/1.50|1.00 | 0.75)0.60|0.50 | 0.43|0.38 | 0.33 | 0.30
284x187| 6.5 | 2.00]1.00)0.67 | 0.500.40]0.33 | 0.290.25 | 0.22 | 0.20
248 | 7.0 | 348|174 1.16 | 0.87 | 0.70| 0.58 | 0.50 | 0.44 | 0.39 | 0.35
214x3 | 6.0 | 3.04 1.521.01|0.76(0.61|0.51 |0.43|0.380.34 | 0.30
214x237) 6.6 | 292|1.46)0.97|0.73|0.68|0.49 | 0.42)0.37 | 0.2 | 0.29
26x23¢| 6.7 | 240(1.20]0.80 | 0.60|0.48)0.40 | 0.34 | 0.30 | 0.27 | 0.24
214214 6.3 | 2.36)1.18/0.79 | 0.59 | 0.47|0.39 | 0.34 0.30 | 0.26 | 0.24
2x214| 5.4 | 2.00/1.000.67 [0.50|0.40{0.33 | 0,29 0.25 | 0.22 | 0.20
21x11£| 2.8 | 0.360.18{0.12 |0.09/0.07| 0.06 [0.05 | 0.04 | 0.04 | 0.03
204x24| 4.8 | 1.680.84|0.56 | 042 0.34/0.28 |0.24]0.210.19|0.17
204x214| 4.0 | 1.28)0.64|0.43 |0.32)0.26(0.21 |0.18]0.16|0.14(0.13
2 x2 | 42 | 1.32]0.66(0.44 | 0.33)0.26(0.22(0.1910.17|0.150.13
2 «2 | 8.6 | 1.00({0.50(0.33 0.25/0.20]0.17 [0.14|0.18|0.11|0.10
2 x134] 8.0 | 0.60(0.30|0.20 |0.15]|0.12| 0.10 | 0.09 | 0.08 | 0.07 | 0.06
' 134x13£) 8.0 | 0.76/0.38|0.25 | 0.19(0.15|0.13 | 0.1 0.100.08 | 0.07
| 13¢:114) 3.5 | 0.60(0.30)0.20 | 0.15(0.12{0.10 | 0.09 | 0.08 | 0.07 | 0.06
13424 1.9 | 0.320.1610.11 [ 0.08|0.060.05 | 0.05 | 0.04 | 0.04 | 0.03
Dgxlde] 2,5 | 056|0,28(0.19 [0.14]0.11]0.09 | 0.080.07 [ 0.06 | 0.05
Daxll4) 1.8 | 0.44(0.220.15|0.11(0.09 | 0.07 | 0.06|0.05 | 0.05 | 0.04
114x1}4| 2.9 | 048(0.24/0.16|0.12(0.10/ 0.08 |0.07 | 0.06 | 0.05 | 0.05
14x1}4| 2.2 | 040{0.200.18 | 0.10|0.08| 0.07 | 0.06|0.05 | 0.04 | 0.04
Daxi4] 1.7 | 0.82(0.46 0.1 10.08{0.06 | 0.05 | 0.05 | 0.04 | 0.04 | 0.03
1hax124| 1.8 | 0.20]0.10 0.07 | 0.05|0.04 0,03 |0.03|0.020.02]0.02
' 124x 341 1.8 | 0.12/0.0610.04 | 0.03|0.02|0.02 |0.02|0.01|0.01 | 0,01
' 14xli4] 2.0 | 0.40)0.200.13}0.10]0.08]0.07 | 0.06|0.05|0.04 | 0.04
| badd] 15 | 0.28]0.14]0.090.07] 0.06]0.05 |0.04|0.03(0.03|0.03
I 1 x1%4] 1.1 | 0.32]0.16|0.11 | 0.08]0.060.05 | 0.05(0.04 | 0.04 | 0.03
i 1«1 | 1.2 | 020(0.100.07 | 0.05|0.04|0.03 {0.030.02|0.02|0.02
il 1 xl | 0,85 0.1210.060.0410.030.02(0.02|0.020.01|0.01|0.01
, Safe loads given include weight ot Tee. Maximum fiber strain,
12,000 lbs, per square inch,
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CARNEGIE, PHIFPS & CO,, LIMITED,

SPACING OF CARNEGIH I BEAMS FOR UNI-
FORM LOAD OF 100 LBS. PER
SQUARE FOOT.

STEEL.
Proper Distance in Feet, Center o Center of Beams.

207 1.

o o

1277 1.

1077 1.

80
Ibs,

{ Distanes hetwoen
supports in feet.

B84
Ibs,

60 | 50
Ibs. | Ibs.

41
Ibs,

40
Ibs.

a2
Ibs.

—
o

107.3
1.5
78.8
63.7
60.4

B b ek ek
o Ot e O

fary
~1

53.5
4.7
42.8
38.6
35.0

2EsSR

319
20.2
268
4.7
29

212
19.7
184
172

2Ry BReEeR

849

2.3
62.4
54.3
47.7

423
877
33.9
30.6
2.7

253
23.1
212
19.6
181

16.8
15.6
145
13.6

77.6
66.1
57.0
50.0
43.7

38.7
345
31.0
28.0
2.3

23.1
211
194
179
165

15.3
143
13.3

63.6 | 52.3
54.2[44.6
46.7[33.4
40.7|83.5
35.8 (204

31.7126.1
28.31233
25.4 0.9
229|188
20.8{17.1

18.9(15.6
173142
15.9113.1
14.7] 121

41.9
35.7
30.8
268
23.6

12.4 |

136|111

12.6(10.3
11.7| 9.6
109 9.0
102 84

Tor load of 200 Ibs. per square foot, divide the spacing given
by 2. Maximum fiber strain, 16,000 Ibs, per square inch.

121




CARNEGIE, PHIPPS & CO., LIMITED.

SPACING OF CARNEGIE I BEAMS FOR UNI~-

FORM LOAD OF 100 LBS. PER

SQUARE FOOT.

STEEL.
Proper Distance m Feet, Center to Center of Beams,

| E¥| &1 7/ L 6 L 5/ 1. L

z8 ¥

EE 2 | s |2 |sg| 6| 6|6 |0]nln
2 E‘ Tbs, Tbs 1hs. 1bs. Ibs, Ths, Ihs, Tbs, 1hs. 1

5 | 766 | 616 | 60.6 | 47.0 | 407 | 33.4 | 268 | 21.2 | 165 | 126
6 | 532 | 428 | 421 | 327 | 233 | 232 | 186 | 147 | 114 | 87
7 | 304 | 314 | 309 | 240|208 | 17.0 | 137 | 108 | 84 | 64
8 | 200 | 241 | 287 | 184 | 159 | 130 [ 105 | 83 |76 | 49
9 | 237 | 100|187 | 145 | 126 | 103 [83 [ 65| 51| 39
10 | 192 | 154 | 151 [ 118|102 | 84| 67| 53| 41| 381
11 | 158 | 127 | 125 | 97|84 69| 55| 44| 34| 26
12 | 133 [ 107|105 82| 71| 58| 47| 87| 29| 22
31| o100 70| 60| 49| 40| 31| 24| 19
1 [08 79| 77| 60| 52| 43| 34| 27| 21| 16
15| 85| 68| 67| 52| 45| 37| 30 23] 18| 14
16| 75| 60| 59| 46| 40| 33| 26| 21| 16| 12
17| 66| 53] 52| 41| 35| 29| 23| 18| 14| 14
18 | 59| 48] 47| 36| 31| 26| 21| 16| 13| 10
19 | 53| 43| 42| 33| 28| 23| 19| 15] 11/ ..
20 | 48| 39| 38| 29| 25| 21| 17| 18] 10/ . .
ot | 43| 85| 34| 27| 28| 19| 15| 12] . .| ..
2| 40| 82| 31| 24| 21| 17| 14| 12| .| ..

For load of 200 Ibs. per square foot, divide the spacing given
by 2. Maximum fiber strain, 16,000 lbs. per square inch.




CARNEGIE, PHIPPS & CO., LIMITED,

SPACING OF CARNEGIE I BEAMS FOR UNI-
FORM LOAD OF 125 LLBS. PER
SQUARE FOOT.

STEEL.
Proper Distance in Feet, Center to Conter of Beams.

207 1.

T

| 127 1.

107 T.

64
1bs,

&0
1bs,

41
Tbs,

40
Tbs,

32
Ibs,

s
Tbs,

9517
Tbs.

27 | 17.0
28 | 158
29 | 147
30 | 13.7

67.9
57.8
49.9
43.5
38.2

33.8
30.2
271
24.5
2.2

20.2
18.5
17.0
15.7
145

134
12,5
11.6
10.9

52.9
45.6
89.7
349

30.9
27.6
243
224
20.3

18.5
16.9
15,5
143
132

123
114
10.6

9.9

50.9
434
374
32.6
28.6

254
22.6
20.3
183
16.6

151
13.9
127
11.7

418
35.7
30.7
26.8
235

20.9
18.6
16.7
15.0
13.7

125
114
10.5

9.7

33.5
28.6
4.6
21.4
189

16.7
14.9
134
121
11.0

10.0
9.1
8.4
.7

27.8
2.7
20.4
17.8
15.6

13.8
123
111
10.0

21.9
18.7
16.2
141
123

11.0
9.8
8.7
79

194
163
141
122
10.7

14.6
1256
10.8
94
82

108

101
9.3
8.7
81

89

82
w
7.2

6.7

&
66
62
58
b4

9.0

8.2
7.6
7.0
6.4
5.9
5.5
6.1
4.7
4.5

7l

6.6
6.0
b5
o
47

4.3
4.0
38
3.5

9.5
85
7.0
6.9
6.2

5.7
5.2
48
44
41

38
35
33
3.0

For load of 250 Ibs, per square foot, divide the spacing given
by 2. Maximum fiber strain, 16,000 Ibs. per square inch.

rS=N——
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CARNEGIE, PHIPPS & CO,, LIMITED.

SPACING OF CARNEGIE I BEAMS FOR UNI-
FORM LOAD OF 125 LBS. PER *
SQUARE FOOT.
STEEL.
Proper Distance in Feet, Center fo Oenter of Beams,

- o i RS

88| s/ 71 67 1. 571, Iz
%s . =] -
! 16 13 1 0 4
e oe ee elelale|
5| 613 | 493 | 485 | 37.6 | 326 | 267 | 214 ' 170 | 132 | 100
6 |426 342|837 | 262|226 | 186149 18| 91| 70
7 | 813 | 251 | 247 | 192|166 | 136|110 | 86| 67| 54
8 |239 /193|190 | 147|127 [ 104 ] 84| 66[ 51 39
9 |190 | 152|150 | 116|101 | 82 [ 66| 52| 41| 34

]

10 | 153 (123|121 | 94| 81| 67| 54| 42| 33| 25
1 | 126 (102]|100| 7867 | 65| 44| 85] 27| 21
12 |106| 86| 84| 66| 57| 46| 87| 29| 23! 18
1) 90| 78| 72 56| 48| 39| 32| 25| 19| 15
14 | 78| 63| 62| 48| 42| 84| 27| 22| 17| 13

15| 68| 64| 54| 42| 36| 3.0 24 [ 18] 14| 11
16 | 6.0 J 48] 47| 37| 32| 26| 21| 17| 18| 10

b3 | 42| 42| 83| 28| 23| 18| 14] 11 |. .
18 | 47 . 38| 38| 29| 26| 21 17| 13| 10

19 | 42 34| 34 1' O B 5 2] 5 G o SRR e
20 138 81 .80 [ SN0 AT AL E S e
20| 84| 28| 27| 22| 18| 15 12| 1L0}. .f. .

2| 32| 26 2‘5‘ 1 R L LR 1 TR o e

For load of 250 Ibs. per square foot, divide the spacing given
by 2. Maximum fiber strain, 16,000 lbs. per square inch.
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CARNEGIE, PHIPPS & CO.,, LIMITED.

SPACING OF CARNEGIE I BEAMS FOR UNI-
FORM LOAD OF 150 LBS. PER
SQUARE FOOT.

STEEL.
Proper Distance in Feet, Center fo Oenter of Beams.

e 157 1. 1YL A0 T A0

i

2

-}
80 | 64 | 80 60 | 50 | 41 ] 40 | 32§ 33 | 2504 27 | 2
lbs, | Ibs, | Ibs, | Tbs. | Jbs | lbs, | Ibs. | lbs, | Ibs | lbs,

12 | 715 56,6 [51.8(42.4(34.9(27.9123.1|183 (159 (122|121 8.3
13 | 61.0 |48.2 | 44.1|36.2{29.7|23.8119.7|15.6(13.6 10.4110.3| 7.9
14 |525|41.6)380(81.2(25.6)|20.5|17.0|13.5|11.7| 9.0] 89| 638

16 |40.3|31.8]29.1 1239 19.6|15.713.0{108] 89| 6.9[ 65| 62

17 1857|282 258 211174 (139|11.5| 91| 79| 61| 6.0 46
18 |31.8|R5.1]23.0 18.9(155(124(108| 81| 71| 54| 64| 41
19 [285|22.61206 16.9|14.0(11.1| 93| 7.3| 63| 49| 49| 37
20 [25.7 204|186 153(125/10.0] 88| 6.6] 57| 44| 44| 3.3
21 |233]185]169 138(11.4| 91| 75| 6.0] 52| 4.0| 29) 8.0

21.3 (169 15.4(12.6 104| 83| 69| 55| 47| 37| 3.6 27
105 (154 |14.0|11.6| 95| 7.6] 63| 5.0] 43| 23] 33/ 25
17.9|14.1]129(10.6| 87| 7.0] 58| 4.6] 40| 31| 3.0| 23
165]13111.9| 98| 81| 64| 53| 42| 37| 28| 28| 21
153|121 |TT.0 | 90| 7.4| 59| 49| 39| 34| 26| 26| 20

1411121102 | 84| 69| 55| 4.6( 3.6] 3.1| 24| 24| 1.8
131[104] 95| 7.8 64| 5.1] 4.3( 83| 29| 23] 28] 1.7
123 97] 89| 7.3 6.0| 48] 3.9 8.1} 27| 21} 21/ 1.6
15| 9.1| 83| 68| 56| 45] 87| 29| 25| 1.9] 1.9( 15

LBRBY BRREEBE

15 |458(862]33.1|27.2|223|179]148|11.7|102| 78| 78| 69

For load of 300 Ibs, per square foot, divide the spacing given
by 2. Maximum fiber strain, 16,000 lbs. per square inch,
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CARNEGIE, PHIPPS & CO., LIMITED.

SPACING OF CARNEGIE I BEAMS FOR UNI-

FORM LOAD OF 150 LLBS. PER

Proper Distance in Feef, Cenier io Center of Beams.

SQUARE FOOT.

STEEL.

E:é 8!:‘ I_ 7/) i' 6:’! I 5!;’ I_ 4?! L

=5

g E 22 13 20 1514 18 13 13 10 10 g

g E‘ Ibs, Ibs, Ibs s | s Ibs. 1bs, Ibs. Ibs, Ibs,
5 | 511 [ 411 | 404 | 813 | 27.1 | 223 | 17.9 | 141 | 11.0 | 84
6 |85.5 (285|281 |21.8]189|155 124 | 98| 76| 53
7 (261 |209]206]160 (139|113 81| 72| 56| 43
8 |19.9 | 161 | 158 | 123 | 106 | 87| 70| 55| 43| 33
9 |158 127|125 | 97| 84| 69| b5 | 43| 84| 26

0 |1281 103|101 | 79| 68| b6]| 45| 85| 27| 21

11 |105| 85| 83| 65| 56| 46| 37| 29| 23| 17

12 ] 89| 71| 7.0 55| 47| 39 31| 24| 19| 15

13| 75| 61 60 47| 40( 33| 27( 21| 16| 13

4] 65| 2| 62| 40| 35| 28] 23| 18] 14| 1t

15| 57| 46| 45| 85| 80| 25] 20| 16| 12| 09

1571 5.0 1 VB0 P89N ETN T | BB LT | et

17 | 44 35| 85| 27| 23| 19| 15| 12| 10

18] 89| 82| 31| 24| 21| 1.7 14 11].

19| 35 29| 28| 22| 19| 15] 13| 10

20| 32| 26| 25| 20| 17| 14] 11 .

21 ] 29| 23| 23| 18] 15| 131! 1.0 .

2] 26| 21 21 16] 14| 11]. g o

For load of 3oolbs. per square foot, divide the spacing given

by 2. Maximum fiber strain, 16,000 1bs. per square inch.
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CARNEGIE, PHIPPS & CO., LIMITED.

SPACING OF CARNEGIE I BEAMS FOR UNI-
FORM LOAD OF 175 LBS. PER
* SQUARE FOOT.

STEEL.
Proper Distance in Feet, Center to Center of Beams,

207 1.

i
=
gg 80
EE 1bs.

64
1bs,

s

1847k

1077 1.

80 | 60
Tbs. : lbs.

5 | 4
lbs. | lbs.

a
1bs.

28B1e
Tbs.”

12 [ 613
13 | 523
14 1450
15 | 393
16 1345

17 | 30,6
18 | 273
19 | 245
20 [ 221
21 1200

182
16.7
15.3
14.1
13.1

124
113
10.5

9.8

SBVRY BnEBE

485
41.3
35.6
31.0
273

444364

37.8
326

31.0
26.7

28.4(23.3

25.0

21
197
17.7
16.0
14.5

132
121
11.1
102
94

88
82
78
71

204

18.1
16.2
145
13.1
11.9

10.8
9.9
91
84

20.9(23.9
25,5204
21.9|17.6
19.1]153
16,8 13.5

149(11.9
13.3 (10.6
11.9] 9.5
10.8| 86
98| 7.8

89| 71
81| 65
75( 6.0
6.9( 55

13.7
11.7
10.1

87
77

6.8
6.1
54
49

w7

72
6.7
f.2
6.8

64| 6.1

59| 47
55| 44
61| 41
48| 38

45

41
3.7
34
3.1
2.9

2.7
2.5
23
22

10.5
8.9
e

6.7

4.6

590 5.9 45

"For load of 350 Ibs. per square foot, divide the spacing given

by 2.

Maximum fiber strain, 16,000 1bs, per square inch.
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. CARNEGIE, PHIFPPS & CO., LIMITED.

SPACING OF CARNEGIE T BEAMS FOR UNI-
FORM LOAD OF 175 LBS. PER
SQUARE FOOT.

STEEL.
Proper Distance in Feet, Center to Center of Beams,

82T { (ddn B 6/ 1. &1, 7 1.

i
g i 2 18 20 1524 16 13 13 10 10 74
El

Lbs, lIbs, | lbs. | Ibs. Ibs. | Ibs. lbs, lbs. Ibs. | lbs

5|438 952|346 | 269|233 | 191|153 121 | 04| 72
6804 | 244|240 (187|162 (133|106 | 84| 65| 50
7223|180 17.7 | 187 (119 | 97| 78| 62 | 48| 37
8
9

171 | 188|185 | 105| 01| 75| 60| 47| 87| 28
135 | 109 | 107 | 83| 72| 59| 47| 37| 29| 22

10| 11.0| 88| 86| 67| 58] 48] 38| 3.0] 23| 18
1) 90| 73| 71| 56| 48| 89 32| 25| 19| 15
12) 76| 61| 60| 47| 41| 83| 27| 21| 17| 13
13) 65| 52| 51| 40| 34| 28| 23| 18| 14| 11
14| 66| 45| 44| 34 30| 24| 19| 15| 12| 09

15 49| 89| 88| 30| 26 21| 17| 13| 1.0
16| 43| 84 84| 26| 23| 19| 15| 12). .|. .
17.] 88| 80180 | &8 201 1T L3 L0ye v
18 84| 27| 27| 21| 18| 15] 12 R A

19| 80| 24] 24 18] 18| 13 14| - s
20 27| 22 22| 47| 14| 12 10} .. ]. .
) O B e N O L R o R 1 ] R R
-l i B T B (B B8 G R N 8 B R R | R

For load of 350 Ibs. per square foot, divide the spacing given
by 2. Maximum fiber strain, 16,000 1bs, per square inch.
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CARENEGIE, PHIPPS & CO., LIMITED.

EXPLANATION OF TABLES ON THE PROP-
ERTIES OF CARNEGIE I AND DEOK BEAMS,
UHANNELS, = BARS, ANGLES, STARS,
TEES, TROUGH AND CORRU-
GATED PLATES.

(Pages 137 to 153, inclusive.)

The tables on I Beams are calculated for the minimum weight
to which each pattern can be rolled. The tables for Channels,
Deck Beams and Angles are calculated for the minimum and
maximum weights of the various shapes, while the properties of
Z bars are given for thicknesses differing by /; inch, The above
shapes can all be furnished in any weight intermediate between
the minimum and maximum weights given,

For Tees and Stars, each shape can be rolled to one weight
only.

Columns 11 and 13, in the tables for I and Deck Beams
and Channels, give coefficients by the help of which the
safe, uniformly distributed load may be readily and quickly
determined. To do this, it is only necessary to divide the
coefficient given, by the span or distance between supports in
feet. If the weight of the section is intermediate between the
minimum and maximum weights given, add to the coefficient for
the minimum weight, the value given in columns 12 or 14, (for
one pound increase of weight,) multiplied by the number of
pounds the section is heavier than the minimum,

If a section is to be selected, (as will usually be the case,)
intended to carry a certain load, for a length of span already
determined on, it will only be necessary to ascertain the coefficient
which this load and span will require, and refer to the table for
a_section having a coefficient of this value. The coefficient is
obtained by multiplying the load, in pounds uniformly distrib-
uted, by the span length in feet.

In case the load is not uniformly distributed, but is concen-
trated at the middle of the span, multiply the load by 2 and
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CARNEGIE, PHIPPS & CO,, LIMITED.

then consider it as uniformly distributed. The deflection will
be % ths of the deflection for the latter load,

For other cases of loading obtain the bending moment in fi.
Ibs, (the most common cases are given on page 134);
this multiplied by 8 will give the coefficient required.

If the loads are quiescent, the coefficients for a fiber strain of
16,000 Ibs, per square inch for steel, and 12,000 Ibs. for iron,
may be used; but if moving loads are to be provided for, the
coefficients for 12,500 and 10,000 Ibs., respectively, should
be taken. Inasmuch as the effects of impact may be very con-
siderable, (the strains produced in an unyielding, inelastic
material by aload suddenly applied, being double thase pro-
duced by the same load in a quiescent state), it will sometimes
be advisable to use still smaller fiber strains than those given in
the tables. In such cases, the coefficients can readily be de-
termined by proportion. Thus, for a fiber strain of 8,000 Ihs.
per square inch, the coefficient will equal the coefficient for
10,000 Ibs, fiber strain, from the table, multiplied by y%ths.

The moments of resistance given in column g are used to de-
termine the fiber strain per square inch in a beam, or other shape,
subjected to bending or transverse strains, by simply dividing
the same intg the bending moment expressed in inch-pounds.

The table on the properties of Carnegie T shapes is modeled
after the foregoing, and will, therefore, scarcely require explana-
tion. The horizontal portion of the T is called the flange, and
the vertical portion the stem. In the case of the neutral axis
parallel to the flange, there will be two moments of resistance,
and the smaller is given. The fiber strain calculated from it
will, therefore, give the larger of the two strains in the extreme
fibers, since these strains are equal to the bending moment
divided by the moment of resistance of the section.

For Carnegie 7 bars, complete tables of moments of inertia,
moments of resistance, radii of gyration and values of the
coefficients (C) are given on pages 145 and 146 for thicknesses
varying by  inch. These coefficients may be applied, as ex-
plained above, for cases where the Z bars are subjected to trans-
verse loading, as, for example, in the case of roof-purlins, A
table of safe loads of Z bars is given on page 115,
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CARNEGIE, PHIPPS & CO,, LIMITED.

For angles, there will be two moments of resistance for
each position of the neutral axis, since the distance between
the neutral axis and the extreme fibers has a different value on
one side of the axis from what it has on the other. The moment
of resistance given in the table is the smaller of these two
values,

The use of the radii of gyration will be explained in con-
nection with the tables on the strength of wrought iron columns,

Column 15 in the table of the Properties of Carnegie Chan-
nels, giving the distance of the center of gravity of channel
from the outside of web, is used to obtain the radius of gyration
for columns or struts consisting of two channels latticed, as
represented by Figs. 12 and 13, page 89, for the case of the neutral
axis passing through the center of the cross section parallel to the
webs of the channels. This radius of gyration is equal to the
distance between the center of gravity of the channel and the
center of the section, 7. ¢, neglecting the moments of inertia of
the channels around their own axes, thereby introducing a slight
error on the side of safety.

These tables have all been prepared with great care. No
approximations have entered into any of the calculations, so
that the figures given may be relied upon as accurate.

EXAMPLES OF APPLICATION OF TABLES.

I. What section of steel beam will be required to carry
40,000 Ibs., uniformly distributed, including its own weight, over
aspan of 16 feet between supports, allowing a fiber strain of
16,000 Ibs, per square inch?

Answer: The coefficient (C) required = 40,000 X 16 =
640,000

From table for 15”7 I—41.0 Ibs,, C = 603,200 1bs. ; hence
640,000-603,200

7800
= 4.7 Ibs,, 7. ¢., the beam required will be a 157/ steel I, 45.7
Ibs. per foot.

II. What load, uniformly distributed, will a2 6’/ iron Z bar
carry, weighing 18 1bs. per foot and measuring 12 feet between
supports, with a maximum fiber strain of 12,000 lbs,?

the weight of the section must be increased :
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Answer: From table on page 145, the coefficient (C) for a
6” Z-bar, 18 lbs.,==78,600. Hence the safe load = 78,600-+12
or 6,550 Ibs,, including weight of Z-bar.

III. A light 4” X 3" angle iron weighing 7 Ibs. per foot,
spanning 4 feet, is loaded with 1,000 1bs, at center. What will
be the maximum fiber strain if the 4’/ flange is in a vertical
position ?

Answer : Bending moment = 12,000 inch-pounds.

From table, moment of resistance = 1.23. Therefore, maxi-
mum fiber min=_‘:zL:°or 0,756 s, which is the strain

furthest from the neutral axis, 7, -, at the end of the long flange.

SPECIAL CASES OF LOADING.

I. Beam loaded at a point distant “a’ feet from the left
hand and “b’ from the right hand support by a single load P.
1 = length of beam between supports = a -} b.
Pressure or Reaction at left hand snppott::P..?_ and at

right hand support = Pf]l_
Maximum bending moment, neglecting dead weight of

beam, occurs at point of application of the load and = 5.

P == (load given in tables, pages 106 to 120) X 81_:1)

Whena=b=}1:

Recction me-—S; moxiossews bendivg b
load given in ubl:e x 1.

II. Beam fixed at one end and unsupported at the other,
1 representing the length of beam from end to support,

If loaded by a uniformly distributed load W:

Maximum bending moment occurs at support and = '~

W = (load given in tables, pages 106 to 120) X ¥.

If loaded with a single load P at its extremity :
Maximum bending moment occurs at support and =P1L
P = (load given in tables) X 4.

P
4

llndl’

Wl
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GENERAL FORMUL/E ON THE FLEXURE OF BEAMS
OF ANY CROSS-SECTION,

Let A = area of section, in square inches,

1 = length of span, in inches,

‘W = load, uniformily distributed, in 1bs.,

M = bending moment, in inch-pounds,

h = height of ums-f &ectio;l. out to out, in inches,

n = distance of center o ity of section, from or
from bottom, in im':hei,““Tty e

§ == strain per square inch in extreme fibers of beam, either
top or bottom, in Ibs., according as n relates to dis-
tance from top or from bottom of section,

D = maximum deflection, in inches,

I = moment of inertia of section, neutral axis through
center of gravity,

I”= moment of inertia of section, neutral axis parallel to
above, but not through center of gravity.

d = distance between these neutral axes,

R = moment of resistance,

r == radius of gyration, in inches,

E = modulus of elasticity, (for wrought iron, assume
27,000,000, for steel, 29,000,000.)

M=R=+‘ r=l/T

M= s1 =SR,
n

Mn M
=T "
W 8 sl 14 8s R,
In 1
i Wl
R GBRGY:
IV =14 Ad?,
D 5 WI* for beam supported at both ends and uni-
384 EI formly loaded.

__FPI* for beam supported at both ends and loaded
48 EI with a single load P at middle.
D — _WI*_for beam fixed at one end and unsupported
8 EI at the other and uniformly loaded.
D P13 for beam fixed at one end and unsupported
3 EI at other, and loaded with a single load P at
the latter end.
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BENDING MOMENTS AND DEFLECTIONS OF
BEAMS, UNDER VARIOUS SYSTEMS

Westotal load.
I=length of beam.

OF LOADING.

T—moment of Inertia.
E~modulus of elasticity.

(1) Beam fixed at one end and
loaded at the other.

—

Safe Ioud—‘-ﬁ I'Iun given in tables.

(2.) Beam fixed at one end and|
uniformly loaded.

giaeagaanaay

"mfe Imﬂ—g t!mt giwu in tables.

ol 5 In at point
nf.n!ppur!—wl. ) i | oflugpm—*“i'
‘\';;I;!:Im.l‘::! at points of sup- I M:;:':‘:R :::“ at point of sup-
3 a
Deflection=— T | Deflection——— BEL
(3.) Beam supported at both ends, | (4.) Beam supported at both ends
single load in the middle. and uniformly loaded.
-9 _
— A ——
Safe lmd—l% that given in tables. safg Toad==that given in tables,
Maxi toiing at middl bending at middle
of beam~~ .~ otbnm-fz-l
Maximum shear at points of sup- Ip{nmmum shear at points of sup-
port=1g WI port=1 w‘“’ll
Deflection= BET ‘ Deflec S SEI
(6.) Beam supported at both ends, | (6.) Beam supporied at both
single nnsym.mﬂriml load. two lymgtp:mﬂ.l loads, "

&*ﬂ

Safe load==that given in tn'blcsx 8:1h

Maxi hendi under

Y I1_\\"nl|

Maximum shears: at sup| "rt near
a

z—lvlll; at other support=——=

Max. Deflcc.=" 00— Viapi )

Safe Joad=sthat given in mbmxr:

Maximum bending moment between
loads=3¢Wa,

Maximum shear between load and
nearer suppm—}gw

Max, Deflection= —(ﬂ 2—4a2)
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VALUES OF MOMENTS OF INERTIA FOR
CARNEGIE SHAPES.

I=Moment of Inertia, neutral axis parallel to flange.

I;_ “ 3 & [ L 1 i web_
h—1
Batter—=r=—
b—t

T [0, (h4—14)]

Um0 (d—h) 5 (b1 —t4)]

Area—A~2bs+ht4- (b—t) (l'%lj

¥ Bait _h::l_
diler= rxg{\b__t)

x=b?s+417ht*+14r(b—t)2(b4-2t)+A

i

bt

e SR
=

3 gy (b8 — g 4 14)]

(~J

V34 [28b3 1034 r(bA—t4) ] —Ax?

=} n
€ -TL_::?‘ [.,.112.[]-,,]3_86{1]_2!]],,]
:l) I7=¢, [d{b+4-c)*—2hc?—Bhcb?]
s v
E x—t {2h--b) +hi
de T 2(h+Db)
I'; | | T=34[bx?4-t(d—x 3—(b—t)(x—1t)*]
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VALUES OF I (Moment of Inertia)) AND R (Moment of
Rasistancs), FOR USUAL SECTIONS.

SECTIONS, I R
- [ bh3
- o I ST s s
— |
g bh?
Wi
o't}
: _bh? . bh?
A v | e
Q E J'._.hhs
. I — 1
I «d-l ,-rdt
\_.._. - —y~
=0.0491 d+ = (),0082 d2
= _hh“—ﬁ’h" I
B = |
. ‘ T 00 @) | 00082 1o -4
N
S N T S 1 ) R &
A, e -
==Y __ Bh3-2/h’* I
 El

x x Denotes position of neutral axis,
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PROPERTIES OF CARNEGIE I BEAMS—-STEEL.
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Te=8afs Load in Ibs, uniformly distributed; 1==Span in feet,

}L—".&‘;Eﬂ

M==Moment of forees in foot-1bw; 0 and 0'=Coefciants given above,

Beams marked thus * can also bo rolled of iron.
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Coefficients 0 and 0/ caleulated for Fiber Strains of 12,000 and 10,000 Ibs, per square inch respectively,
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DECE BEAMS—IRON OR STEEL.

For Stee] Sactions add 2 per cent. 1o weights given in Table,

|

dents € und 0 calculated for Fiber Straizs of 15,000 and 12,000 Ibs. por square inch respactively.

1 (e lvat e |s|e | v e lsadbe 11 12 | 13 14 | 15 | 18
l | Il | | t '

B100|10”|35.0 |10.5 | .83 5.50 89.9|25.7/3.64| 274100 | 205200 41084
B oo]m'* 28.% | 8.0 [.88/5.25|.030 1184 21.3 3:83|836100 4900 169300 3700|Z.1a 9.87
*B101| ©”/30.0 | 88 | B7|5.07 93.2|19.6| 3.256 | 208500 | 156400 5.18|0.%
“B101| 97|26.0 | 7.6 .44 /4.94 032 852 17.7 3.35 189100 4500 141800|8300[/4.81|0.78
B102| 87|24.0 | 7.2 |47|5.16|.088| 628|14.1 2.93 150100 112600 4.45 o.zn
B102| 8”198 | 59 |.81 5.?0 55.6(12.2/3.0 magoo 4000 | 97400 3000 3.98 8 2
B103| %7/23.0 | 6.9 |.54|5.10 .043| 45.5| 11.7|2.6% 124600 93400 4.80|0.79
Blog| 5v/1v8 | 53 | 81487 38.8 9.7 £.70/ 103000 | 3400| 77300 2600 3.566|0.82
+tB104| 7|28.0 | 69 |.84|3 %6 41.8[109|2! 7 sglo ?.34 0.58
B 188 | 31 BIRIC 8 818 pne| | BEkieecoisose
| B105| 6(15.0 | 4.5 |.28la'88! 080! 34'.01_ 7.312.33 73100 3000| 58000/ 2200 s'.gs 0.8

® Steel only F1Iron only,

BULB ANGLES—STHEEL.

| Coeflicients € and 0 ealoulated for Fiber Strains of 16,000 and 12,50) Ibs. par square inch respactively. [ .
B130|10”/26.50| 7.80).48|3.5 . |104.2]19.9/3.68 211300 i 165400 [- - =
B131| 97(21.80| 6.41 44|85 69.3|14.5|3.33 | 164200 . 120500 - g
B132| 87| 19.23| 5.66|.41 /8.5 48’8 117 2.95|124800 . 97500 55t i
B133| ¥|18.25 5.37 44130 349| 9.6/2.56 102300 . 79900 ;
B134| 67/17.20 5.08|.50/8.0 23.9| %7.8/2.16| 80500/ . 62900 -
B135| 67| 13.75| 4.04 .88(30 20.1 e.e\a.m 0400 | . 55000 ;
B13¢  €7/12:30 3.62 .31/3.0 | 18.6 | 5,'1 2.28 }400 | - 47200 :
/ B187| 5”/10.00/ 2.84/.81125 | . .| 10.2| 4.1/1.88| 43300/ . . | S B B
I e, Vil i BULB BARS—STEEL. Rt
BISOWJ"P?.O | 5.0 1.38] . . | 020| 500/ 8.28.18| 87100|4900| 68100 28800|0.37[0.2
plel| o125 | 3% |28 . .\.033 28.8 4.313.30 51000[4700[ 39900 | 3700 0.3 o.a?
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PROPERTIES OF CARNEGIE CHANNELS—STEEL.
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L—8afs Load in Ibs, uniformly distributed; 1=Span in feet,

Cor (",

Cor ('=L1=8 M

M==Moment of forces in foot-Ibs.: ( and ("=Coeficients given above,
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PROPERTIES OF CARNEGIE CHANNELS—IRON.—Continued.
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PROPERTIES OF CARNEGIE =-BARS,

IRON OR STEEL.
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CARNEGIE, PHIPPS & CO,, LIMITED.
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CARNEGIE, PHIPPS & CO., LIMITED.

PROPERTIES OF CARNEGIE ANGLE BARS OF MINIMUM AND MAXIMUM

THICKNESSES AND WEIGHTS.

ANGLES WITH UNEQUAL LEGS—IRON OR STEEL.
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CARNEGIE, PHIPPS & CO., LIMITED.

PROPERTIES OF CARNEGIE ANGLE-BARS
OF MAXIMUM AND MINIMUM THICK-
NESSES AND WEIGHTS.

ANGLES WITH EQUAL LEGS—IRON OR STEEL.

‘Weighis in table are for iron; for steel add 2.

Tl a - fole | &1 a7 ke lal
| < ; |Eg |dPrglsg B2 5553
3|y [l 6 B
i g |i| x| 3 gﬁugﬁggiﬁiéﬂgagsﬁ’
IR
5 S| & |3:5(358530 7|38 [ihge
| inches. [inches| lbs. |sg.in. |inches.| T | R [ v v
K16 8 |7 |35 (97 | 18 (310 764 | L8| L17
A86 6 | |169 (506 | 1661768 |407 | 187| 119
A95 x5 |7 |266|79 [ 157 |17.% |547 | 149 098
A7 5 x5 | 3121 | 861 | 139 | 874 [242 | 156| 099
A4 o4 | 15195 |58 [120| 814 (301 [118] 080
AR 4 x4 | 3| 96|286 | 114 | 436 [152 [ 123| 081
A2 315317 | {3 | 168 | 508 | 117 | 525 [225 | 1.02| 069
A33 337,34 | 3¢ | 83 | 248 | 101 | 28 (115 | 1.07| 070
ASL S 3 |56 [112[336 [098 [ 262 [1.30 | 088] 059
A3 3 || 48|14 |08¢| 124 |058 | 098] 060
A4l 2302 | 3% | 84 | 250 | 0.87 | 167 089 | 0.82| 054
Ad5| 230 | 37 | 44 191 [ 078 [ 093 |048 | 0.85| 055
A48 2252 | 14 | 75| 225 [ 081 | 128 073 | 074| 049
ABO 23225% | 3¢ | 40| 119 [ 072 | 070 [040 | 077| 050
AB1[ 23005 | 37 | 67 | 200 | 074 | 087 058 | 0.66| 048
ABS 23021 | 3{ | 36| 1.06 | 0.66 | 051 032 | 0.69| 046
ABB2 2 || 52156 |066| 054 [040 | 059| 039
A602 2 |45 | 24072 | 057 | 028 [049 | 062| 040
A8 13¢xt3¢ | v | 45| 130 | 059 | 035 [030 | 051| 035
AB513¢x13¢ | 7% | 21062 | 051 | 0.18 [0.44 | 054| 036
ABB 134134 | 3¢ | 33099 | 051 | 019 (019 | 044 031
ABY 15417 | 7 | 18053 | 044 | 0.11 [0.104| 046| 032
AT 13{x13 | 7 | 23069 | 042 | 009 [0.109] 036| 025
A3 13¢x3¢ | 34 | 10| 030 | 035 | 0.044 |0.049] 0.38| 026
AT 1524 | 5 | 20| 061 | 039 | 0.063 0.087| 032| 024
ATT 1341 %% 09 | 027 | 032 | 0.032 0039 034 023
AT81 x| i | 15| 044 | 034 | 0.087 [0.056] 029| 020
AS01 x| 34| 08|02 |080| 0.022|0.031] 03t 021
A81| %x % | % | 101029 {029 0019 0033] 026| 048
AR %x 7% | 34| 07 |021|026| 0014 0.023]026| 0.9
AS3 ix 3 [ | 08|025|026| 0012 0.024] 022| 018
ASe| x3 | 34| 06047 | 028 | 0009 |0.017| 028| 0.7
A85 Sex % | 36| 05| 014020 0.005 0011 018( 018




CARNEGIE, PHIPPS & CO,, LIMITED.

Weighis in table are for iron; for steel add 2%,

PROPERTIES OF CARNEGIE T SHAPES—IRON OR STHEEL.
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CARNEGIE, PHIPPS & CO., LIMITED.

Weights in table are for iron; for steel add 2%.

PROPHRTIES OF CARNEGIE T SHAPES—-IRON OR STEEL.
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CARNEGIE, P

PS & 0O, LIMITED.

PROPERTIES OF CARNEGIE STAR SHAPES.

e = 455 (23 |23
1 1|5 |3 ﬂ'g ﬁg 23

d1 2 |%| @b |2 |30 3E u
i) 03 |F | & |¥ | E
ik % R r

s [y [l 8 [
X s — % . X X
83(9°%3 " | 78 | &—1t | 219 0% | 055 | 08t
84|93 (100 | 34—13 | 803 087 | 070 | 054
85|2x2 | 56 | 5—11 | 1.67] 045 | 036 | 052
86 (2 3> | 40 | Wih | 31| a0 | o= | oat
87[1%x1% | 23 | Z—¢ | 069 0085 | 0.087 | 031
89| 13xt156 | 10 | &— | 030 | 0017 | 0.030 | 0.4
810 | 175547 | 09 ,’:i_ i 027/ oot 0023 | 031
PROPERTIES OF CARNEGIF TROUGH PLATES
= {r R AEER

i i E; WRIGHT, é éi% f% E-j?
AN i HE
L 2 [ [oe | & |28 5513

L =t | r

M10 | 9% X3 | % | 160 48| 363 | 138 |09t
M1 | 93x8% | 2 |177|. .| 58| 413 | 157 |08t
M2 | 9% 8% | % |198]. . | 58| 457 | 177 | 090
M13 | 935 x3% | 11 | 20|, . | 63| 502 | 196 090
Mi4 | 932 % 8% 27! .| 68! 546 | 215 | 090
PROPERTIES OF CARNEGIE CORRUGATED

PLATES. '

M0 | 8y xi%| ¥ | 79 24 | 064 | 080 052
M31 | 83 X1% 99(. .| 30| 09 | 1.13 | 057
M32 | 83 X 1% 18|, .| 85| 125 | 142|062
M33 |12, %23 | 3¢ |174|178| 52 | 479 | 333 | 096
M34 127 X2 203|207 61| 581 | 390 | 098
M35 |127; <25 232|237, 7.0 | 682 | 446 099
=f
163 i




CAENEGIBE, PHIPPS & CO., LIMITED.

EXPLANATION OF TABLES ON
STEEL BOX GIRDERS.

An economical style of box girder, well adapted for short span
lengths, is one composed of a pair of T beams with top and
bottom flange plates. Such girders are commonly used for sup-
porting interior walls in buildings. The tables were prepared
for steel girders, owing to the advantages possessed by steel beams
over beams of iron. The former are more economical of section
and permit the use of a higher unit strain than the latter.

The values given in the tables are founded upon the moments
of inertia of the various sections. Deductions were made for the
rivet holes in both flanges. The maximum strain in extreme
fibers was limited to 13,000 lbs, per square inch, while in the
tables on rolled steel beams a fiber strain of 16,000 lbs. was used.
This reduction was made in order to amply compensate for the
deterioration of the metal around the rivet holes from punching.

Box girders should not be used in damp or exposed places,
since the interior surfaces do not readily admit of repainting.

EXAMPLE.

A 13/ brick wall, 15 feet high, is to be built over an
opening of 24 feet. What will be the section of the girder
required ?

Answer !—Assuming 25 feet as the distance, center to center
of bearings, the weight of the wall will be 25X 15> 121=45,375
Ibs., or 22.68 tons.

On page 156 we find that a girder composed of two 127/
steel beams, each weighing 32.0 lbs. per foot, and two 14/
X %/ flange plates will carry safely, for aspan of 25 feet, a
uniformly distributed load of 23.23 tons, including its own
weight, Deducting the latter, 1.42 tons, given in the next
column, we find 21.81 tons for the value of the safe net load,
which is 1.07 tons less than required. From the following
column we find that by increasing the thickness of the flange
plates ¢’/ we may add 1.52 tons to the allowable load, This
will more than cover the difference. Hence the required section
will be two 127/ steel beams 32.0 lbe. per foot, and two 147/X
1’/ steel cover plates.
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SAFE LOADS IN TONS, UNIFORMLY DISTRIBUTED.
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rivet holes in both flanges deducted. Weights

of girders correspond to lengths, center to center of bearings.
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STEEL BOX GIRDERS.

SAFE LOADS IN TONS, UNIFORMLY DISTRIBUTED.
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Above values are based on maximum fiter strains of 13000
1bs. per sq. in. ; }3// rivet holes in both flanges deducted. Weights

of girders correspond to lengths, center to center of bearings.
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STEEL BOX GIRDERS.

N TONS, UNIFORMLY DISTRIBUTED.
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Above values are bised on maximum fiber strains of 13,000 1bs.

Weights

gths, center to center of bearings.

per sq. in; 437/ rivet holes in both flanges deducted.

of girders correspond to len
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STEEL BOX GIRDERS.

SAFE LOADS IN TONS, UNIFORMLY DISTRIBUTED.
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4§/ rivet holes in both flanges deducted. Weights

3

Above values are based on maximum fiber strains of 13000

1bs. per sq. in.

of girders correspond to lengths, center to center of bearings.
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CARNEGIE, PHIPPS & CO., LIMITED.

EXPLANATION OF TABLES ON RIVETED
STEEL PLATE GIRDERS.

Riveted girders are used in cases where rolled beams are in-
sufficient to carry the load.  On page 93 of the lithograph plates
will be found illustrations of various forms of riveted girders
The sections with single webs are more economical than those
with double webs (box girders), but the latier are stiffer lateral-
ly, and should always be used where great length of span re-
quires a wide-top flange. If the girder is not held in }mition
sideways, the proportion of length of span to width of flange
should not exceed twenty, without making provision for such in-
crease by an addition of metal in the compression flange beyond
that required by the table.

The web of the girder must be made of such thickness that
there will be no tendency to buckle, and that the ventical shear-
ing strain per square inch will not exceed 10,000 pounds. This
shearing strain is freatcﬁt near the supports and is obtained by
dividing half the load upon the girder by the web section.  The
first condition (security against lmckiirf{o)m:_-a attained when this

shearing strain does not exceed i d in which d rep-
. 3000 1+

resents the depth of web in clear of flange of girder and t the
thickness of one web plate in inches.  Ordinarily this formula
gives a lower strain per square inch than 10,000 pounds, so that
both conditions are usually attained when the first is.  Instead of
increasing the thickness of the web, it may be stiffened also by
means of vertical angle irons riveted to it at proper intervals.
These latter should always be less than the depth of the girder,
at least near the ends, but toward the middle of the girder the
stiffeners may be placed further apart or entirely omitted.  Stifi-
cners should always be used at or near the supports, and at any
other point where there is a concentration of heavy loads, The
dm{ol' these stiffeners in such cases is twofold : first, to prevent
buckling of the web; second, to transmit the shear to the web
Ly means of the abutting areas and the rivets, which both must
be sufficient for the purpose.

The rivets genernlly should be 3 and the spacing in
{langes ought not to exceed six inches, and should be closer for
heavy flanges; but in all cases it should be close at the ends,
say three inches for a distance equal to the depth of the girder,
Where loads are great, especial calculation for rivet spacing
should be made, allowing 9,000 pounds per square inch for
shearing and 18,000 pounds per square inch for bearing,

The unsupported width of flange plates, subjected to compres-
sion, should not exceed 32 times their thickness, nor 5]101.1]{{ the
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flange plates extend beyond the outer line of rivets more than five
inches nor more than eight times their thickness,

The term “ flange,” as applied to the riveted girders, embraces
ail the metal in top or bottom of girder exclusive of web plate;
or, in the case of a rolled beam or channel with top and bottom
glﬂ.tcs. all the metal exclusive of that part of the web between

llets.

Girders intended to carry plastering should be limited in depth
from out to out to +¢ of the span length (E{" per foot) if iron,
or gl of this distance (5¢” per foot) if steel; otherwise the de-
flection is liable to cause the plastering to crack.

The following pages, Nos. 162 to 166 inclusive, furnish a
ready means for determining the sections of plate or box girders
necessary to carry specified loads for spans varying from 20 to 40
feet, center to centre of bearings.

The * Safe Loads" are given for the sections shown, and in
columns headed “Increase in Safe Load " is given the increase in
safe load for each . increase in thickness of flange plates.
The flange plates may be altered in width and thickness, pro-
vided the section remains the same as that required in the table
and the conditions in regard to unsupported width be fulfilled.

EXAMPLE OF APPLICATION OF TABLE.

A 80" box girder is to carry a load of 80 tons over a clear
span of 30 feet. What section of girder isrequired ? The span
from center to center of bearings we will assume to be 31 fect.

In the table, page 164, the safe load for this span and for the
girder shown is found to be 62.96 tons including weight of girder,
which latter, according to the table, may be assumed at about '
8.5 tons. The total load to be carried is, therefore 83.5 tons.
The increase in safe load for 4, increase in thickness of flange
plate given in the table is 3.70 tons, The thickness of the fange
plate is then obtained as follows: 8.5 tons——62.96 tons=20.54 tons.
This-+by 3.70 tons is very nearly 6. Each flange plate, there-
fore, must be increased by £, making a total thickness of flange |
plate of 3{”.

The section of the girder is then composed of two 307X 12"
web plates, two 167X 3/ flange plates (which could be made
18"% { g" or 207X 5", etc.—see previous mnote), and four
814X 834" x }¢" flange angles. The shear in one web is

88.5 2000 ) ok 1
W or 2785 pounds per square inch, which is also safe

L .
against buckling, since it is less than __tl1 which, in
3000 t*
this case, is 5,000 pounds. v

161



CARNEGIE, PHIPPS & CO,, LIMITED.

STEEL PLATE GIRDERS.

SAFE LOADS IN TONS, UNIFORMLY DISTRIBUTED.
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o | 8148 | 162| 400 | 05 |97t | 170 440 | 05
o1 | 7732 | 169 | 380 | 05 | 734 | 177 | 420 | 05
92 (7380 | 176 | 363 | 06 | 8337 | 184 | 400 | .06
23 (7060 | 186 | 347 | 06 | 7974 | 195 | 383 | 06
24 | 67.66 | 193 | 832 | .06 | 7642 | 202 | 367 | .06
95 | 6495 | 201 | 319 | 06 | 73.36| 209 35 | .06
9 | 6245 | 207 | 307 | o7 | 7054 | 217 | 339 07
27 6014 | 214 | 296 | 07 | 67.93 | 224 | 826 07
98 |57.99 | 221 | 285 | 07 | 6550 | 231 | 315 | .07
99 (5599 | 231 | 27 | 07 | 6325 | 242 303 | 07
90 |5412 | 238 | 266 | .08 | 6114 | 249 | 294 | .08
31 (6238 245 | 257 | .08 | 5946 | 256 | 28 .08
99 | 5074 | 252 | 250 | 08 | 57.92| 264 27 | .08
33 | 4920 | 259 | 242 | 08 | 5558 | 271 267 | .08
94 4776 | 266 | 234 | 09 | 5394 | 278 259 | 09
95 4639 | 273 | 228 | 09 | 5240 | 285 | 252 | 09
96 | 4510 | 283 | 222 | 09 | 5095 | 296 | 245 .09
97 (4388 | 200 | 216 | 09 | 4957 | 303 | 238 | .09
38 | 4273 | 297 | 210 | 10 | 4827 | 811 231 | .10
39 (4163 | 304 | 205 | 10 | 4703 | 318| 2% | 10
40 [4059 | 311 | 200 | 10 | 4585 | 825| 221 | 10

The above values are founded on the moments of inertia of the
sections using a maximum fiber strain of 13,000 lbs. per square inch
for steel; 147/ rivet holes in both flanges deducted. Weights of girders
ul;xvrrespt:mi_l to lengths center to center of bearings and include rivet
heads, stiffeners and fillers.
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CAENEGIE, PHIPPS & CO., LIMITED.

STEEL PLATE GIRDERS.

SAFE LOADS IN TONS, UNIFORMLY DISTRIBUTED.
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2 8204 | 219 | 385 | .06 |12204| 336| 536 | .07
267888 |226| 370 | 07 |11734| 348 518 | l08
o7 (7596 | 234 | 356 | 07 [11300] 859 | 497 | 08
98 | 73.26 | 241 | 343 | .07 [10897| 871 | 478 | .08
29| 7073 | 258 | 331 | .07 |10520| 888 | 463 | .09
30 16837 | 260 | 321 | .08 [10L70| 4.00 | 448 | .09
31 6616|263 310 | 08 | 9842| 412| 432 | 09
326410 | 275 | 300 | 08 | 9534| 428 | 420 | .10
33 | 6216|282 | 291 | .08 | 9245| 435 | 407 | .10
34 16033 (289 | 283 | .09 | soma| 47| 894 | i10
35 5860 (298| 275 | 09 | sn1z| 459 | 883 | i10
36 | 5698 | 3.09 | 266 | .09 | 8474) 476 | 873 | i1t
87 5544 [ 316 | 259 | .09 | s246( 47| 862 | .t
98 (5398 | 324 | 252 | .10 | 8029 499| 853 | 1t
99 (5259 | 331 | 247 | 10 | 7828| Kt | 8343 | 12
40 |5126 [ 339 | 240 | 0 [ 7627 523 | 835 | 12

The above values are founded on the moments of inertia of the
sections using a maximum fiber strain of 13,000 Ibs. per square inch
forsteel; 187/ rivet holes in both flanges deducted. Weights of girders
correspond to lengths center to center of bearings and include rivet
heads, stiffeners and fillers,




CARNEGIE, PHIPPS & CO., LIMITED

STEEL BOX GIRDERS.

SAFE LOADS IN TONS, UNIFORMLY DISTRIBUTED.
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21 (92,94 (223 | b5.46 07 | 1240 | 2565 | 7.58 09
22 (88,72 | 232 [ 5.20 .08 | 1183 ) 266 | 7.22 .09
23 | 84.86 | 245 | 4.98 08 | 1132 | 280 | 6.90 A0
24 | 8132 | .54 | 478 .08 | 1085 | 291 | 6.62 A0
25 | 78.07 | 2.64 | 459 09 | 1041 | 3.03 | 6.35 Al
26 | 75.07 | .74 | 441 09 [100.1 | 314! 612 A1
27 | 7229 | 283 | 4.2 09 964 | 825 | 5.89 A2
28 1 69.70 | 203 | 4.10 A0 93.0 | 3.36 ' 567 A2
29 | 67.30 | 8.06 | 3.96 10 808 | 350 | 548 J2
80 | 65.06 | 8.16 | 3.82 A0 868 | 3.61 | 529 A3
31| 6296|325 | 370 A 84.0 | 372 | b.13 A3
32 | 61.00 | 3.35 | 3.58 A1 814 | 3.83 | 497 A4
33 | 60.14 | 850 | 348 A1 789 | 3.95 | 48 14
34 | 57.40 | 354 | 838 12 76.6 | 4.06 | 4.67 J4
35 | 65.76 | 3.64 | 3.28 A2 744 | 417 | 453 A5
36 | b4.22 | 3.76 | 3.18 A2 723 | 431 | 441 15
37 | 52.75 | 3.86 | 3.09 A3 704 | 441 | 430 A6
38 | 51.36 | 3.95 | 3.02 A3 68.5 | 453 | 4.18 A6
39 | 50.04 | 4.05 | 294 A3 66.7 | 4.65 | 4.07 A7
40 [ 4880 | 415 | 286 | .14 65.1 | 476 | 3.97 17

The above values are founded on the moments of inertia of the
sections using a maximum fiber strain of 13,000 1bs. per square inch
forsteel; 1377 rivet holes in both flanges deducted. Weights of girders
correspond to lengths center to center of bearings and include rivet
heads, stiffeners and fillers,
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STEEL BOX GIRDERS.
SAFE LOADS IN TONS, UNIFORMLY DISTRIBUTED.

ig el 0.

2 ) £

£ el 3

S i

i 2 £ 2 8 £3

2= E & ™ L %

3 EEREE : T8s B2
E;E-ﬁéiéz,g_gsi'aéé
é 2ESd|a g9 D08 | 28 (SETE=420
' S
253 5;55% 2 253 _-,':_;jiifi

1849 | 2.92 | 10.59 10 2785 | 3.78 | 1580 | .13

3 e | 4 | g a0

‘ A : : 13 | 14
160.8 | 8.36 | 9.22 12 251.0 | 4.34 | 13.74 15

349 | 884 | .12 ) 2405 452 | 1817 | 15

BNRERBERE
2

363 | 848 13 | 230.9 | 4.69 | 12.64 | .16

142.4 | 876 | 818 13 | 2220 | 4.87 | 12.16 17

137.0 [ 389 | 7.85 Jd4 | 2138 504 | 1170 | A7
1821 | 4.08 | 757 14 | 2062 | 521 | 11.29 | .18

29 | 1276 [ 415 | 731 15 | 199.0 [ 543 | 1091 | .19
30 | 1233 [ 433 | T7.06 15 | 1924 561 | 1054 | .19
31| 1193 | 445 | 683 16 | 1862 | 578 [ 10.21 | .20
82 | 115.6 | 4.60 | 6.63 16 | 1803 | 5695 | 9.88 | .20
83 [ 1121 [ 474 | 643 17 § 1749 612 | 958 | .21
84 | 1088 | 487 | 6.24 17 | 1698 | 629 [ 930 | .22
85 | 105.7 | 5.00 | 6.06 A8 | 1649 | 647 | 9.03 | 22
86 | 1028 [ 517 | 5.90 A8 | 1603 | 669 | 878 | 23
37 | 100.0 [ 531 | 574 A9 | 1560 | 6.86 | 854 | 24
38| 974 [ 544 | 558 49 | 15619 | 694 | 832 | 24
39 | 949|558 544 20 | 1480 720 | 811 | 2
40 | 925|871 | 530 20 | 1443 ) 738 | 791 | .26

The above values are founded on the moments of inertia of the
sections using a maximum fiber strain of 13,000 lbs. per square inch
forsteel; 1§// rivet holes in both flanges deducted. Weights of girders
correspond to lengths center to center of bearings and include rivet
heads, stiffeners and fillers.
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STEEL I-BEAMS AS USED IN FOUNDA-
TIONS.

In designing the foundations of walls and piers of buildings,
when they rest upon a yielding stratum, proper provision must
be made for the uniform distribution of the weight. In case the
walls are of different thicknesses and heights, the widths of the
foundations must be proportioned according to the different loads
resulting therefrom, so that the bearing per unit of ground-area
will be equal and a uniform settlement of the completed struct-
ure is ensured.

The introduction of timber beams as a means of obtaining
wider bearing surfaces at the base, is a practice to be strongly
condemned, unless the wood is in a position to remain contin-
ually moist, Where this is not the case, the timber will soon rot
away, thereby giving rise to an unequal settlement of the walls,
very injurious, if not destructive, to the masonry.

.Staell rails, imbedded in concrete, are not open to this objec-
tion. They offer, however, comparatively little resistance to
deflection, and for this reason, if allowed to project beyond the
masonry to any considerable length, the concrete filling is liable
to crack, and thus the strength of the foundation become im-
paired.

Steel I-beams, more recently used for this purpose, are found
to be superior in every respect. A greater depth can be adopted,
the deflection thus reduced to a minimum and a sufficient saving
effected to more than compensate for their additional cost per

pound.

: The foundation should be prepared (see illustration p. 168) by
first laying a bed of concrete to a depth of from 4 to 12 inches and
then placing upon this a row of I-beams at right angles to the
face of the wall. In the case of heavy piers, the beams may be
crossed in two directions. Their distances apart, from center to
center, may vary from 9 to 24 inches according to circumstances,
i. ¢., length of their projection beyond the masonry, thickness of
concrete, estimated pressure per square foot, ete. They should
be placed at Jeast far enough apart to permit the introduction of
the concrete filling and its proper tamping between the beams.
Unless the concrete is of unusual thickness, it will not be advisa-
ble to exceed 207/ spacing, since otherwise the concrete may not
be of sufficient strength to properly transmit the upward pressure
to the beams. The most useful application of this method of
founding, is in localities where a thin and comparatively compact
stratum overlies another of a more yielding nature. By using
steel beams in such cases, the requisite spread at the base may be
obtained without either penetrating the firm upper stratum or
carrying the footing-courses to such a height as to encroach un-
duly upon the basement-room.
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METHOD OF CALCULATION.

Let L=Weight of wall per lineal foot, in tons.

and l=Assumed bearing capacity of ground, per square
foot, (usually from I to 3 tons.)

Then {;:-W=Rc-1uircd width of foundation, in feet.

w=Width of lowest course of footing-stones.
p=Projection of beams beyond masonry, in feet.
s=Spacing of beams center to center, in feet.

Evidently the size of beams required will depend upon their
strength as cantilevers of a length “p,” sustaining the upward
reaction, which may be regarded as a uniformly distrilmted load.

Thus p b=uniformly distributed load (in tons) on canti-
levers, per lineal foot of wall,

and p b s=uniform load in tons, on each beam.

The table on the following page gives the safe lengths “p
for the various sizes and weights of steel beams, for s=1 foot
and “b" ranging from I to § tons per square foot. For other
values of “s" say 15”, i e, 17, the table may be u&c{l by
simply considering “ b increased in the same ratio as “ 8" (see
example below.) As regards the weight of beams, it is advan-
tageons to assign to s as great a value as is warranted by the
other considerations wluch obtain.

EXAMPLE SHOWING APPLICATION OF TABLE.

The weight of a brick wall, together with the load it must
sapport, is 40 tons per lineal foot. The width of the lowest
footing-course of masonry is 6 feet. Allowing a pressure of 2
tons per square foot on the foundation, what size and length of
steel [.heams 187/ center to center will be required ?

Answer : L=40 b=2 w=06 s=113.

Therefore W=40-+2=20 feet, the required length of beams.
The projection “ p"'=14 {20—6]-—-7 feet,

In order to apply the table (calculated for s-r.'} we must
consider “ 1" increased in the same ratio as “s,” 1. ¢, b=2X
_l/- 3 tons.

In the column for 3 tons, we find the length 7 feet to agree
with 207" [-beams 64.0 Ibs. per foot,
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A L T
R0 e e e e
ST T A
B S

__Basement floor line

TABLE GIVING SAFE LENGTHS OF PROJECTIONS “E%IN FEET, (SEE
ILLUSTRATION,) FOR “s"=1 FOOT AND VALUES OF “b"
RANGING FROM 1 TO 5 TONS,

T:"g“_t w;‘g“ b (TONS PER SQUARE FOOT.)

Mo e | 1 (e[ 1] 8 [ox[2u] 3 [8u] 4 [ax] s
20 | 80. |14.0{125 115/ 100 | 9.0|9.0 |80 |75 (7.0 (65 |6
20 |64, |125)|11.0(100| 85 80|80 |70 6560|605

15[ 80. [12.0(105| 95| 85|80 | 75|70 |65
15| 60. |105| 95| 85| 75| 7.0| 65 (6.0 [55
1550, | 95| 85| 80| 7.0 |65 6.0 |55 |50
15|41, | 85| 80| 7.0| 6.0 6.0 |55 50|45

12| 40. | 80| 7.0 65| 55|55 |50 | 45|40
12 |32, | 7.0 65| 55| 50|45 |45 |40 (40

oo o

o oo oo oo
i
=
SO o SO b e O OIT

e e
Shoor o

10 83. | 65| 60| 55| 4545404035 3.0 | 3.

10 [ 2565]| 55| 50| 45| 40/40(35|35(3.0 25| 2.
9(27. | 55| 5.0 45| 4040|3535 ]|30 25|25
9o, | 50| 45| 40| 3.5 /35|80(3.0(25|25|25|20
8(2, | 50| 45| 40| 35|35 3025252520
8|18 | 45| 40| 35| 3.0(30(3.0|25|25/20|20/20
7120 | 45| 40| 35| 3.0|30(3.0|25|R5/20|20/20
7(165| 40| 35| 3.0] 25|25|25)20|20|20|20 |15
6116, | 85) 30| 30| R5|25|20|20|20/15|15|15
613, | 3.0) 3.0| 25| 25|20(20(20|15|15 (15|15
5|18 | 30| 25| 25| 20(20|20(15|15|15|15|16
5(10. | 26| 25| 20( 20 |15 (1516|1615, .|. .
4110 | 251201, 30 1545 [ 1S FLD Faialv s forai]s »
S ] B (o I B 6 e SR e A e

Above table applies to stee/ beams. Values given based on
extreme fiber strains of 16,000 Ibs, per square inch,

168




CARNEGIE, PHIPPS & CO., LIMITED.

IRON AND STEEL COLUMNS IN FIRE-PROOF

BUILDINGS.

The subject of fire-proof construction is steadily growing in
importance. The need of fire-proof buildings in the business
centers of our great cities has been well demonstrated, and their
superiority has become so generally recognized, that at present
but few structures of any size or importance are designed which
are not more or less of this type. This change has been facili-
tated in no small measure by a number of signal improvements
made of late in the art of fire-proof construction, ensuring not
only a higher degree of efficiency, but a considerable reduction in
cost, compared with methods formerly practiced.

The old style of solid brick arch, once so prevalent in floor-
construction, has been almost wholly supplanted by the more
modern forms of hollow tile and terra cotta arches. The im-
portant advantages of the latter have been already pointed out in
these pages. Roofs, ceilings and partition walls are now also
largely constructed of these light refractory materials,

The substitution of steel for iron in beams may be cited as a
more recent though hardly less radical improvement in this
direction, and, simultaneously, the introduction by this firm of
new patterns for its steel beams. These patterns are of more
convenient shape and much more economical of material than
the old forms. (See discussion on page 97.)

Another change which is gradually taking place is the substi-
tution of wrought iron and steel for cast iron in the composition
of columns, Cast iron is a material, so uncertain in character,
that its use has long since been abandoned in bridge construction.
In buildings the loads are generally quiescent, and the liability to
sudden shocks is more ren.ote than in bridges; yet, on the other
hand, the columns seldom receive their loads as favorably as in
bridges; in most cases there exists considerable eccentricity, that
is, the loads on one side of the column are heavier than those
on the other side, and the bending strains arising therefrom in-
crease the strains from direct compression materially,

The following are some of the contingencies which may arise
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in the manufacture of castings, and which preclude anything
approaching uniformity in the product.

In the case of hollow cast iron columns, while the metal is yet
in a molten state, the buoyancy of the central core tends to cause
it to rise, thereby reducing the thickness of the metal above and
increasing the same below. When columns are of such a length
as to make it necessary to pour the metal into the mould from
both ends, it sometimes occurs that the iron becomes too much
chilled on the surface to properly mix and unite, thus creating a
weak seam at the very point where the greatest strength will be
needed. The presence of confined air, producing * blow holes™
and “ honey-comb,” and the collection of impurities at the bottom
of the mould may be further mentioned as frequent sources of
weakness in cast iron.

The most critical condition, however, is that due to the unequal
contraction of the metal during the process of cooling, thereby
giving rise to initial strains, at times of sufficient force to produce
rupture in the column or in its lugs on the slightest provocation.
In many cases, the trouble can be ascribed to faulty designing or
carclessness in the execution of the work, yet even under favor-
able conditions, it is so difficult to secure equal radiation from the
moulds in all directions, that castings, entirely exempt from in-
herent shrinkage strains, are probably seldom produced.

As a protection agninst these contingencies, resort must be had
either to the crude and uncertain expedient of a high safety
factor, not less than eight or ten, or a material, such as wrought
iron or rolled steel, must be adopted, of a more uniform and re-
liable character than cast iron.

STEEL AND WROUGHT IRON COLUMNS fail either by deflecting
bodily out of a straight line, or by the buckling of the metal
between rivets or other points of support. Both actions may take
place at the same time, but if the latter occurs alone, it may be
an indication that the rivet spacing or the thickness of the metal
is insufficient.

The rule has been deduced from actual experiments upon
wrought iron columns, that the distance between centers of rivets
should not exceed, in the line of strain, sixteen times the thick-
ness of metal of the parts joined, and that the distance between
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rivets or other points of support, at right angles to the line of
strain, should not exceed thirty-two times the thickness of the
metal,

On page 89 sections are shown of some of the most common
forms of steel and wrought iron columns.  Figs. 3,7, 14, 16and 17,
belong to the type known as Closed Columns.  As it is imprac-
ticable to repaint the inner surfaces of such columns, they should
preferably be used only for interior work, where the changes
in temperature are not considerable, and the air is comparatively
dry. In places exposed to the extremes of temperature and
unprotected from the rain, the paint on the inner surface of the
column will, sooner or later, cease to be a protection to the iror.,
corrosion will set in, and, once begun, will continue as long as
there is unoxidized metal left in the column,

The remaining figures on the same page represent types of
columns with open sections, which readily admit of repainting,
and are therefore suitable for out-door work.

Of these, Fig. 15, known as Z-bar column, is believed to offer
advantages superior to those of any other steel or wrought iron
column in the market.

Its claims for superiority are based mainly on the following
qualities :

rst.  EcoNomy 1N CosT OF MATERIAL~—The Z-bars are fur-
nished at a reduced price compared with channels and T beams.

2d, Ecoxomy oF MANUFACTURE.—Only two rows of rivets
are required, while four or more are used for any other column
of an equal sectional area.

gd. Hicit ULTIMATE RESISTANCE TO COMPRESSION.—Care-
ful tests were made upon fifteen full-sized specimens in which the
central web plates were replaced by lattice bars, The results,
for lengths ranging from 64 to 88 radii, showed an average uli-
mate resistance per square inch of 35,650 Ibs, These results are
as favorable as have been obtained for closed cylindrical colamns
and are more favorable than have been obtained for any other
open columns, For detailed report of tests see Trans. Am. Soc.
C. E. Paper by C. L. Strobel on Z-bar Columns, April, 1888,
A condensed summary of the results is given on page 173.
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gth. GREAT ADAPTARILTY voR EFFECTING CONNECTIONS
wiTi I BEAMS.—When used in buildings, for supporting single
floor beams or double beam girders, this quality is of the greatest
importance.  Complete detnils of these connections are shown
on pages 91 and g2,

Sk, FAvOrABLEFORM Fug INSPECTION AND REPAINTING.—
This is a very desirable featwre when used for out-door work.
In buildings, as a rule, the columns are permanently encased in
a fire-proofing composition.

When unusually heavy loads must be provided for, as in the
case of columns for the lower stories of very high buildings, the
standard sections of Z-bar columng may be reinforced to the
required strength by using either a double central web plate or
by the addition of outside cover plates, or, if need be, both,
forming thus a closed or box column. Standard cast bases are
shown in Figs. 4, 5 and 6, and standard built bases in Figs. 7
and 8, page go.

The standard connections for double I beam girders and single
fioor beams to Z-bar columns, detailed on pages ot and g2, were
designed to fairly cover the range of ordinary practice. When
the maximum loads, in tons, indicated for each case, are ex-
ceeded, the connections may be correspondingly strengthened by
simply using longer vertical angles for the brackets and increas-
ing the number of rivets. In proportioning these connections,
the shearing strain on rivets was assumed of a maximum intensity
of 10,000 Ibs. per square inch. For steel Z-har columns, the
maximum loads given for these connections may be safely in-
creased 15 per cent.

On page go, Figs. 1, 2 and 3, are shown different forms of fire-
proofing for Z-bar columns, giving the latter a eylindrical or a
prismatic finish with rounded comers, as may be preferred.  The
air space between the tiling and the metal adds to the protection
of the latter in the event of fire, The recesses in the columns
may be used to good advantage in buildings for conducting water
and gas pipes, electric wires, ete.

Complete tables of dimensions and safe loads in tons for
standard Z-bar columns of different lengths ave given on pages
179 to 196, inclusive,
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COLUMNS AND STRUTS.
EXPLANATION OF TABLES, PAGKS 178 TO 202, INCLUSIVE.

The table on Keystone Octagon Columns gives the areas and
weights corresponding to different thicknesses of metal. Seg-
ments of these columns will be found on page 54.

The tables on Safe Loads for Z.bar Columns are applicable to
lengths up to 50 feet for the larger and up to 40 feet for the
smaller columns, Complete dimensions are given opposite the
tables of safe loads.

The tabulated values of safe loads for Iron Z-bar Columns are

based upon the formula: 46,000—1 zslr, for lengths exceeding go

radii and 35,000 for lengths equal to or less than go radii. The
constants in this formula were selected as giving a very near
approximation to the results obtained from a series of tests
(already referred to on page 172) upon fifteen full-size iron
Z-bar Columns of varying lengths. The deviations are in all
cases found on the side of safety.

The following is a condensed statement of the general n:sulbs
of these compression tests:

Section of Columns : 4 Z-bars, 2147/ 8/7 % 21( 7— (latticed.)
Radius of Gyration—(Lattice bars not considered)=2.05"
Sectional 1 Ultim. Strength "
Lengts Area, r‘i‘;‘“‘mf,w Ratio oflnuglhl ) St
35000

Pounds least radius |* by formnla :
Golumn, m squars i I gyration. H_—ﬁ 16000—125L
36000 r2 E
100—-11%4{" 9.435 36800 84 3230
w "« gigga | 34600 2 i
15— 0" | 9.480 | 34800 %8 29“300 35900

e 9.280 | 36600

19— 0% 9.241 | 33800 112
« _ «*110.104 | 83700 “ i Al ek i

22— 0’ | 9.286 | 30700 | 120 | 246
“— | 9986 | 29500 3 i
“« -« | 9286 | 50700 | « u "

25— 07 | 9.156 | 28100 | 146 | 22800 | 2v¥50
“—« | 9.516 | 28400 “ " P
28— 07 | 9.875 | 27700 | 164 | 20800 | 25500
“ —« | 9375 | 27600 £ i .
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Tt has been customary to allow 8,000 pounds per square inch
in compression for bridge members of short length, which corres-
ponds to a factor of safety ofmm.;?s when taken with

reference to the ultimate strength.

Dividing the constants in the above formula by 4.375, we ob-
tain nearly 10,600-28, 5:. For convenience and as providing ad-

ditional security for long members, it was thought advisable to
substitute 30 for 28.5 as the second constant, thus reducing the
formula to the shape in which it appears in the tables.

It is to be noted that the allowable stresses were assumed at
8,000 and 10,000 pounds per square inch respectively for lengths
of go radii und under. The above mentioned tests on Iron
Z-bar Columns, as well as former tests upon columns of other
types all warrant the conclusion that to this limit at least the
ultimate strength is practically constant irrespective of length,
though varying for different types of columns,

The weights indicated in the headings of the tables refer to
the weight per foot of the entire section exclusive of rivet heads,
When 3 inch rivets are used about }{ pound for each rivet
should be added to obtain the gross weight.

No tests have as yet been made upon full size Z bar Columns
of steel, so that their relative strength cannot be definitely stated.
Experiments thus far made upon steel struts indicate that for
lengths up to go radii of gyration their ultimate strength is about
20% higher than for iron. Beyond this point, the excess of
strength diminishes until it becomes zero at about 200 radii.
After passing this limit, the compressive resistance of steel and
iron seems to become practically equal.

The tables on % Safe Loads for Steel Z-bar Columns” were
compiled on the above basis. The formuls used, l‘;,wo—s;r;

gives results 20 % higher than the values given in the tables on
Iron Z-bar Columns (safety factor, 4) for lengths of go radii and
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from this point the ratio of excess will be found to decrease after
the manner of the above mentioned experimental results. The
steel referred to here is what is known as “ mild " steel, having
an ultimate strength of about 60,000 pounds per square inch and
containing a comparatively low percentage of carbon.

The values given in tables on Steel Z-bar Columns should be
used only for cases in which the loads are for the most part
statical, and equal, or very nearly so, on opposite sides of columns.
When there is much eccentricity of loading, or the loads are sub-
ject to sudden changes, the tabulated values must be reduced
according to circumstances.

Carmnegie, Phipps & Co., Limited, are prepared to furnish Z-bar
Columns of steel at the same price as for iron, and in view of
their increased strength, it will usually be found advantageous to
use the former.

The table on the “Ultimate Strength of Wrought Iron Col-
umns” gives the strain per square inch of section at which
columns will fail, for various proportions of length, in feet, to
least radius of gyration, in inches. This table should be used
for columns and struts which are not cylindrical.

If the column or strut is a single rolled beam, channel or other
shape, the radius of gyration will be found in the foregoing tables
on the “ Properties of Carnegie Shapes.”

If the column is composed of two channels latticed, the chan-
nels are usually placed far enough apart so that the column will
be weakest in the direction of the web, i. e., with neutral axis at
right angles to the web, for which case the radius of gyration of
the column is the same as that of the single channel. But if the
radius of gyration is wanted for the neutral axis through the center
of section parallel with web, it can readily be found, as the dis-
tance between the center of gravity of channel and center of
fecﬁonmybefoundwiﬂ:the aid of column 1§ in table on the

“Properties of Carnegie Channel Bars.”

If two channels are connected by means of two plates, instead
of lattice bars, as shown by Fig. 12 on page 8o, it is necessary to
obtain first the moment of inertia of the section, whence the radius
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of gyration is found as the square root of the quotient of the
moment of inertia divided by the area of the section. This
moment of inertia, for a neutral axis, through center of section
perpendicular to the plates, is equal to the cube of the width of
the plate, multiplied by )y of the thickness of the two plates
added, plus the combined area of the two channels multiplied by
the square of the distance from their centers of gravity to the
neutral axis. For a neutral axis in a direction parallel to the
plates, it is equal to the moments of inertia of the channels as
found in the tables increased by the area of the two plates multi-
plied by the square of the distance between the center of the
plate and the center of the section,

A common form of column or strut, to be recommended for
comparatively light loads is that formed simply of two angles
back to back or four angles united either with a single course of
lattice bars or a central web plate, as in Fig. 2, page 8g.

The radii of gyration for such struts are tabulated on pages
198, 199 and 200. They are given for the neutral axis parallel
to either flange and for all sizes of Camegie Angle Bars. In
cases where four angles are used, the two pairs should be spaced
far enough apart to make the column weakest about a neutral
axis parallel to the central web or latticing. The radius of gyra-
tion will then be the same as that given in the tables for a single
pair of angles, since the moment of inertia of the web plate about
such an axis is so small that it may be disregarded entirely.

The table on “ Ultimate Strength of Hollow Cast Iron Col-
umns "' and that on “Safe Loads on Hollow Cylindrical Cast Iron
columus*’ was computed by Gordon's formula and covers a range
of lengths that will seldom be exceeded in practice.

A column is sgmare bearing when it has square ends which
butt against or are firmly connected with an immovable surface,
such as the floor of a building; it is pin and square bearing
when one end only is square bearing and the other presses
against a close-fitting pin, and it is pin dearing when both ends
are thus pin-jointed, with the axis of the pins in parallel direc-
tions (for example, the posts in pin-connected bridges).
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EXAMPLES OF APPLICATION OF TABLES.

I. 'What size of Z-bar Column 26 feet long, with square bear-
ing ends, will be required to carry a load of 200 tons, using a
safety factor of 4?

Answer: Referring to tables on dron Z-bar Columns (safety
factor 4) we find that for a length of 26 feet, a 127 column
weighing 135 1bs. per foot will most nearly answer the require-
ments and will safely support a load of 202.5 tons,

From the tables on stee/ Z-bar Columns, it will be seen that
for the length given, a 12” column weighing 118.5 Ibs. per foot
will carry safely a load of 209.1 tons or 6.6 tons in excess of
that required. The saving in weight effected by the use of steel
in this case will be about 14 per cent.

II. A strut 16 feet long, to be fixed rigidly at both ends, is
needed for supporting a load of 80,000 Ibs. It is to be composed
of two pairs of angles, united with a single line of 147 lattice
bars along the central plane. What weight of angles will be re-
quired with a safety factor of §?

Answer: We will assume 4-3"X4” angles and determine
the thickness of metal required. The angles must be spread 14
in order to admit the latticing. From the table on page 200, we
find the radius of gyration of a pair of 3”X4”X%" angles
with the 3” legs parallel and 147 apart to be 1.977. Hence

10
1.97
per table on page 197,=31,680 Ibs,

the value uf-: = __=8.1, for which the ultimate strength, as

The allowable strain per square inch with a safety factor of 5
will therefore be 31,680-:-5=6,340 Ibs., and the area of the re-
quired cross-section 80,0004-6,340=12.62 square inches, or
3.16 square inches for each angle. Hence the weight per foot
of each angle will be 3.16--0.3=10.5 Ibs. This weight on page
79, will be found to agree with a thickness of 14 inch fora
47X 3" angle.
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KEYSTONE OCTAGON COLUMNS.
Thicknesses and Corresponding Areas and Weights per Foot,

10 Inch Column, 8 Inch Oolumn.
é 4 Segments. ‘“ “ 4 Segments. ‘;'55“
of Uns
- s r Segment,
o | e "Y’-‘-' o || R
.hﬁ'__ ! | — — — —
‘131.‘ r o . > » - 5 .
4 Xy 978 (326 | 82
| 1422 | 474 | 119 11.80 | 39.3 9.8
3% |1658| 553 | 138 | 1381 |460| 115
s|1894| 631| 158 | 1583|528 | 132
32 |2180| 710| 178 | 1785|595 | 149
s |2366| 789 | 197 | 1986 662 | 166
55 |2801| 887 | 217 | 2188|729 182
ié 2837 | 946 | 236 | 23890 |796| 199
i (3073|1024 | 2658 | 2591|864 21.6
12 | 83.00 | 1103 | 276
% | 8545|1182 | 205 5 ey %
i G Inch Column. 4 Tnch Column.
- e O il
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. 8 s
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% | 1020 85 | 712 |237| 58
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12,000 Ibs, for lengths of 90 radii or under.
17,100-57-1-, for lengths over 90 radii

SQUARE ENDS.
6’7 STEEL Z-BAR COLUMNS.

CARNEGIE, PHIPPS & CO., LIMITED.

STEEL Z-BAR COLUMNS,

Saction :

SAFE LOADS IN TONS OF 2,000 LBS.

for steel; safety factor 4

Allowed sirains per square inch
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CARNEGIBE, PHIPPS & CO., LIMITED

Z-BAR COLUMN DIMENSIONS.

Gt D]

P
L5

6” COLUMNS.
4 Z-Bars 3-3 4,77 deap.
1 Web Plate 53/ % thickness of Z-Bars,
. siriersh S el 4 b
5 & LAERBL€ 1).1-:::-‘(.}{1
-] ' | | !
=2 O F
sR| M |124 3% 27 | 225 | 156 | 214 | 8% | 8
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' Y5 125 82|60 | 276 | 232 | 156 230 | 83¢ | 8
1127 |81 |8y |25 | 222 | 15 s;é 8 sié
ve |12 (84 (57 | 2% | 232 [ 156 | 8¢ | 776 | 3%
8" COLUMNS.
4 Z-Bars 4-41¢"7 deep.
1 Web Plate 61¢/” x thickness of Z-Bars.
L : Lol
P t'|:l}|1'1;!-' G|H| T
Metal. Sy ___'____
(-3
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i |1 1510 (8 | 8 |15 |83 |8 |4k
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of I—Bnrs.

12,000 1bs,, for lengths of 90 radii or under.
17,100-57-, for lengths over 90 radii.

10’/ STEEL Z-BAR COLUMNS.

CARNEGIE, PHIPPS & CO., LIMITED.
STEEL Z-BAR COLUMNS,
SQUARE ENDS.

SAFE LOADS IN TONS OF 2,000 LBS.
Saction :

for steel; safety factor 4:

Allowed strains per square inch

4 I-Enrs 5" deep_and 1 Wah Plato 7 thick
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CARNEGIE, PHIPFS & CO., LIMITED.

Z-BAR COLUMN DIMENSIONS.

vn-f,‘"'—-t:'---e:—-t
10" COLUMNS.

4 Z-Bars 5-514"7 decp.
1 Web Plats 77 X thickness of Z-Bars.
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12" COLUMNS.
4 Z-Bars 6-614"" deep.
1 Web Plate 87 x thickness of Z-Bars.
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12,000 1bs., for ]eu-g-ths of 90 radii or uzder,
17,100-57, for lengths over 90 radii.

14” STEEL Z-BAR COLUMNS.

SQUARE ENDS.

CARNEGIE, PHIPPS & CO., LIMITED.
STEEL Z-BAR COLUMNS.

SAFE LOADS IN TONS OF 2,000 I.8S.

for steel ; safety factor 4:

Allowed strains per square inch
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CARNEGIE, PHIPPS & CO., LIMITED.

Diameter of Bolt or
Rivet, 247,

Rivet, 727/,

Z-BAR COLUMN DIMENSIONS.
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/‘\‘-“‘"\h-l" aeu- i

 §

VAN [ﬁmJ >

14" COLUMNS.

4 Z-Bars 61¢"’ x 117,
1 Web Plate 8/ 117,
2 Side Plates 147/ \ygﬁo.

P | |
! L A B ‘ ou I e o,
Sids Plates.
% 19I 6:7 1 105¢
£ 1911 61 iy 105§
% 193¢ 6} 1 103¢
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Ele |
5% ol e | i | 0%
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albh 8 L 7 My 1 1056
14” COLUMNS.
4 Z-Bars 67X 3",
1 Web Plate 87X 3",
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CARNEGIE, PHIPPS & CO., LIMITED.

SAFE LOADS IN TONS OF 2,000 LES.
STEEL Z-BAR COLUMNS.

SQUARE ENDS.

Allowed strains per square inch { 12,000 1bs,, for lengths of 90 radii or under.

for steel ; safefy factor 4:

1?,100—57%, for lengths over 90 radii.

14”7 STEEL Z-BAR COLUMNS.

_ Section: 4 Z—Em s> 18" 1 Web Plate 87 [ 3", 28ds Plates 147 wide.
g ;.E:[:! Beax E.é:e‘ é.ég é-ég’ é”i.s‘fg %.égg‘ ﬁ'.ég-: Egg
25 (157|371 | 155|195 |15 |17 | bat|haT
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w2 =l gl ol Bl LB 220 Bl
HI B e e L e D e P
715 | I ]
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u
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48 |526/7/234.6/242.5250.4/258.3/266. 2|274.1 282.0290.0
_50 _|216.6/224.3/231. 9!239 Bl 247 1|254 8262.3/269.9/277.6
14/ STEEL Z-BAR COLUMNS.
Section: 4 Z Bars 614774, 1 Web Plats 8% 74", 28 {5 14" wids,
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CARNEGIE, PHIPPS & CO., LIMITHD.

Z-BAR COLUMN DIMENSIONS
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14" COLUMNS.
42Bars b1,/ X 11
1 Web Plat'8 5 ¥,
2 Sids Plates 14 wide.
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4.7-Bars 615/ X",
1 Web Plate 87X %".
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LIMITED.

( 17,100-57-7, for lengths over 90 radii.

SQUARE ENDS.

16”7 STEEL Z-BAR COLUMNS.

CARNEGIE, PHIPPS & CO,,
STEEL Z-BAR COLUMNS.

SAFE LOADS IN TONS OF 2,000 LBS.

for steel ; safety factor 4 :

Allowed strains per square inch 1 12,000 1bs., for lengths of 90 radii or under.
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CARNEGIE, PHIPPS & CO., LIMITED,

Z-BAR COLUMN DIMENSIONS.

16" COLUMNS.

4 2-Bars B3¢/ X .

1 Web Plate 107/ 17%,

2 Side Plates 16”7 wide.

Thickness
, I &la|Blehn

i-o...o ....... T L. ] :\‘Q %llii_
ichpesean Al F | g o 71 1
Pas" IC 3]‘:27" i @ | o 204170 176) 12
N |52 W i 5| A (M1 1<
| L 5 | B[P TN1A) 12
A E-.,.k f] A B S| o ||| 12
, = —— T I B T P L T
D I A 7 R
e e ; 2| H |2 |71%] 12
1|27 | 756|174 12

18” COLUMNS.

4 Z-Bars 6147/ X 77,
1 Web Plate 127/ %177,
2 Side Plates 1877 wide,

i e
o 1o | & | BlCn

i"-‘"’““'“"”““"“"] e [C e |
ppeairdm ] F | 1 9 T 14
7[£ DJw: oA | (287150 14
L P ORI S| ||| 1) 1K
% [u;“c 5 R | M |2 T 17) 14
Val| KN 7].5:\., = | N |2Y|73[12] 144
T oot g | 1|24 7 1] 1
Se b o B A |90 D 1
& | 1 |25 |71 1K
L2856 | 756 17] 14
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CARNEGIE, PHIPPS & CO,, LIMITHED,

SAFE LOADS IN TONS OF 2,000 LBS.
STEEL Z-BAR COLUMNS.

SQUARE ENDS.
for steel ; safety faclor 4:

S

20" STEEL Z-BAR COLUMNS.
Siction: 4 2-Bars 684" <74 1 Web Plata 14”51, Side Plates 20" wide.

Allowed strains per square inch 12,000 1bs., for lengths of 90 radii or under.

17,100-57-%, for lengths over 90 radii.

2 SIDE PLATES,

4 SIDE PLATES.

in.
24,

i g

in
44.

_2_1‘

in

in Peet.
n.
r (min]-'g,az.

20x1 Plates—321.9

I, w84, 9. i
F (min 35,

[20x1 s Plates—330.4
T (min.)-—?.b&?-

{20ty Plates—dT4
r (min.)=5.60,

897
r (min.)
»'-m [« i
r (min.}
20x114 Plates—338.9
Ihs=00.7 5q.
r (min.
20x1%{ Plates—3559
l;:.%im.? 5q. in,
20x1 % Plates—364.4
The.~107.2 5q. in.
r (min.)e>5.65.

20x] § Plates—3i3.4
b

20x74 Plates—304.9

1
Iba.—07.

Length of Column,

Syt

|

=]
o
o
[

538.1:553.1
532.9551.1
521.2/539.2

pEiu

.1588.1508.1

55%.2(5'4.5/691.9/6

5.3/662.3/5679.45
3.3/650.1/66%7.0
‘l;.. 38.0/654.6'5

COoBY O3

3
2
2

O e

3|64
563
852
8/60

20”7 STEEL Z-BAR COLUMNS.
Bection: 4 Z-Bars 614" 74", 1 Wob Plate 141", 4 Side Plates 20” wide.

l

20x114 Plates—390.0
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R
m,
1n.
.

20x15Z Plates—407.0
92,
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¢
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4
and
under
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1b8, e }12.2 9. in.
r (min.) =574,
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Ibs.=117.2
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20134 Plateseecd 24,0
Ibs,==127.2 4. in,
r {mn.l-;h
3 [P
e . 18,
E r (mln.)—ﬁa.
Iba.==132.2
r {min.)

Ibs.
20x1} § Plates=4495

20xt 1’( Plates=e38t.5

w

\_.-.‘.--.r
@
@&

.1{748.1763.1

748.1763.1/778.1
786 |

3 lir

.8/760.2/764.
721 385.5 749.7
"708.8'720.8/734.

673.1688.1703.1
899.%7

865.0682.5 "!13.0

.7/868.8 OZO |
638.4/655.3/672.2/680.2
625. 18&1.’7368. 8%75.3

718.1

]
]
[}
[

1
720.2
308.1

92.0|

@&
@

406
48
50
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CARNEGIE, PHIPPS & CO., LIMITED.

LGpeaaen. k"l % 404 o i

Z-BAR COLUMN DIMENSIONS.

Prastom= o ~lenti BN N\ 1210743
,{- RN =2 ; .»'!
o £ igl 1 ASLAT!
D-‘ ‘*\., 7"-0-, 'ﬁ* g |\z It | g B
- ——'T..‘U‘.:%..d‘... J
SRS T i e
20” COLUMNS.
4 Z-Bars, 6247/ X %",
1 Web Plate, 1477177,
Side Plates 20"/ wide,
Thickness of Kumber of
IE::] s;?.. A B ¥ D Sida Plates.
7% 25 (44 1% 16y Two.
1 2y [£53 1% 163 i
2 253 75 1% 16% “
Rl 19y | % | H | U | 6K | ©
2| 1% 2575 3 1% 161 i
2| 15 | 5% 7 1% 16§ | Four.
ﬁ 1% Bx T 1% 163 3
3 lt’ (4 851’: 7“‘ 1% 18}{ g
S| 1% 2556 8 | I 163 it
5 1% 374 82 1% 16 %
E 1% 251} 814 1% 16 g
: 1 257 8% 1% 16 .
156 251 8% 1% 16 &
1 265 8% 17 16 3
1y 2614 83 1% 165 b
11 265 8y5 7% 163 4
1% 2y 8% 1% 0y ol
14 | 28 8% 1% 16X




CAENEGIE, PHIPPS & CO,, LIMITED.

SAFE LOADS IN TONS OF 2,000 LBS.
STEEL Z-BAR COLUMNS.

SQUARE ENDS.
Allowed strains per square inch 12,000 1bs., for lengths of 90 radii or under.
for steel ; safety factor 4: 171100"57‘11-"r for lengths over 90 radii.

207 STEEL Z-BAR COLUMNS.

Section: 4 I-Bars 6%4">74". 1 Web Plate 14”<1"”. 6 Side Plates 20" wide.

|
|
. I,

==142.2 sq, in,
r (min.}—5.92

20x214 Plates—42.0 |

Ths.—134.7 sq. in.
Sy
20x217; Plates—517.5

Ibe,=154.7 8q. in.
r (min,}=5.9.

T (min.)==5.92,
i r (min)=591 p
20x2%4 Plates=526.0

20x2 'y Plates—4835
Ibs —144.7 sq. in.
r (min.}—ls.qﬁ.

1bs.—=139.7 sq. in.
Ibs,me152.2

of Cal
Feat.
20x2 Plates—458.0
20x214 Plates—475.0

-
: 1=

44 | | [ | |
and | 808.1823.1838.1853.1868.1883.1
793.7/808.3823.0 337.51352. 1/866.7
778.2/792.5806.9)821.2 835.5(849.7
762.6/776.7790.8 304.7‘3 18.7832.8

20’ STEEL Z-BAR COLUMNS.

Section: 4 Z-Bars 624" <7g", 1. Web Plate 14"3¢1", 6 Side Plates 20" wide.

|

- 1N,

P
'.

E
g
2

length of Column, |
in Feet.
Ths.=157.2
20 Plates—543.0
i
r (m.)—?m
20x2} ] Plates—551.5
r (min.)==5.90.
Plates—560.0
Ibs.=164.7 sq. in,
1 (min,)e=5.90,
H Plates—568.5
2-2. in,

r (min.)=>5.89.
20x274 Plates—577.0
Ibe.==169.7 &g, in.

r (min.}=—5.89.

a1 72.2 8, in.
r (min.)—f’gﬂ
20x3 Plates—594.0
1b8,==174.7 9. in.
r (min.)=589.

20x2% Plates—5345
T (mn.)-&qﬂﬂ
Ibs.

20x2] § Plates=585.5

|
and - 943.1958.1/973.1988.11003.1(1018.1/1033.

44 |043.1/958.1/073.0/987.81002.5(1017.5/1032
46 (925.0939.69054.2968.8) 983.3| 99%.7/1012.
48 (|906.9/921.1/935.4/949.6| 963.9| 978.1| 992.
50 |888.7902.691 B.6i930.5 944.5| 958.4| 972.
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CARNEGIE, PHIPPS & CO., LIMITED.

Diameter of Bolts or Rivets, 76"

Z-BAR COLUMN DIMENSIONS.

2o B
xﬂ\ MJ I-u' L Lo h

-~

4.5 L;‘:va

NS NS
B _____.-zou,_.:._,\__, N

20” COLUMNS.
S .4 G%HX%M-
1 Web 1477177, N

6 Side Plaes, 20/ wide.
e R S D
Each Side.
2 2635 856 1% 1624
2 622 8t 1% 16
24 2% 83 1% 161
2 2656 841 1% 16
2y 263¢ 8% 1% 16y
2% 2 81 174 16y
234 26} 9 1% 161
2% 204 9y 1% 161
2% 7% 914 1% 165
2% 23 9% 1% 16%
254 AY L 1% 16y
2 273 O 1% 16y
2 A7 934 1% 165
24 27 9% 17 16y
2% 75 914 1% 163
24 2756 9% 1% 16y
3 27y 93¢ 1% 165
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CARNEGIE, PHIFPS & CO,, LIMITHD.

SAFE LOADS IN TONS OF 2,000 LBS.

IRON Z-BAR COLUMNS.
SQUARE ENDS.

6/’ Z-BAR COLUMNS,
Secti 4 Z-Bars, 3// ﬂee,p_
31 Web PL 53/ X thickness of Z-Bars. } Ses Page 180,

Allowed strains per square inch | 8,000 lbs., for lengths of 90 radii or under.
for wronght iron; safety factor 5: | 10,600-30 -l—, for lengths over 90 radii.

I nddg

in.
.88,

- g e o e ™
=8 : og g g
e 38 18|15 |18 |18 | 1
whm, | 934 | 333 | 395 | 337 | I53 3%;
in I 1 =T, 3. CRE =8
L ey L e 1 %ié E r“i i ot E 23T
12 )
mi | 318 | 46,9 | 544 | 63.0 | 70.5 | 9.0
under.
14 36.8 | 46.6 | 538 | e3.8 | v0.0 | ¥9.9
16 35.0 | 444 | 51.2 | 608 | 687 | 764
18 33.2 | 422 | 4818 | 578 | 634 | w2y
20 314 | 40.0 | 46.0 | 549 | 60.0 | 69.0
22 20.6 [ 3vv | 434 | 510 | 568.7 | 85.8
24 278 | 355 | 40.8 | 48.9 | 533 | 617
26 26.0 | 3313 | 882 | 459 | 50.0 | 57’9
28 242 | 31.1 | 358 | 429 | 467 | 54.3
30 222 | 280 | 330 | 400 | 488 | 50.8
32 20.8 | 267 | 304 | 37.0 | 40.0 | 46.9
34 18.8 | 24 278 | 340 | 366 | 432
36 170 | 222 | 25:2 | 810 | 333 [ 398
88 15.2 | 20.0 | 226 | 280 | 300 | 859
40 134 | 178 | 200 | 251 | 266 | 322

Allowed strains per square inch ( 10,000 Ibs,, fo;- lengths of 90 radii or under.
forwrought iron ; safety factor 4: { 3(10,600-307), for lengths over 90 radii.

12

nﬁd } 46.6 58.6 68.0 79.9 88.1 | 90.9
under.

14 48.0 58.3 BZ.B 79.% 87.6 | 99.9
16 43.7 565.5 64.0 76.0 83.4 | 95.56
18 41.6 62.7 60.8 2.3 79.2 | 20.9
20 39.2 49.8 5%.5 68.6 76.0 | 86.3
22 37.0 47.2 54.3 64.8 0.9 | 81.%
24 34.% 44 4 51.0 61.1 66.7 | 9.1
26 32.6 41.6 4.7 b.4 625 | "2.4
28 30.2 38.9 44 .5 53.7 58.3 | 87.9
30 27.9 36.1 41.2 50.0 54.2 63.3
32 25.% 33.3 38.0 46.2 50.0 | 58.6
34 23.4 30.6 34.% 42.5 45.8 | 54.1
36 21.2 2.8 31.56 38.8 41.8 | 49.4
38 18.9 25.0 28.2 35.1 37.5 | 44.8
40 16.7 22.3 25.0 318 33.3 ) 40.2
1e3




} Seo Page 180,
for lengths over 90 radil-.

1
T

8,000 1bs,, for lengths of 90 radii or undes:

!0.500-30

{

8’ Z-BAR COLUMNS.
4 Z-Bars, 47/ deep.
1 Web PL 624’/ X thickness of Z-Bars,

hctnrb:

CARNEGIE, PHIPPS & CO,, LIMITED.
IRON Z-BAR COLUNMNS.

SAFE LOADS IN TONS OF 2,000 LBS.

5

for wmught imn; saiety

|

Allowed strains per square inch
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CARNBGIE, PHIPPS & CO,, LIMITED.

SAFE LOADS IN TONS OF 2,000 LBS.

IRON Z-BAR COLUMNS.

SQUARE ENDS.

10” Z-BAR COLUMNS.

—

},SN Page 182.

{ 8,000 Ibs, for lengths of 90 radii or under.

4 Z-Bars, 5’/ deep.
1 Web PL 7/ thickness of Z-Bars.

&mm:{

Allowed strains per square inch
for wr&nghtimn;nfstymb:

10_.600—30 —i—, for lengths over 90 rail.

_

ns per squa.re inch | 10.000 Ibs., fb}'lengfhsuf B'D radii or under,
T

aml?i_. o 8538 LAKON CVARD
veoil| 8 2383 huReg s-es
.Eﬁlaﬂu |dllﬂll A
Gre={um)s [ 0 QA= CORARD DI-OD
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CARNEGIE, PHIPPS & CO., LIMITED.

ULTIMATE STRENGTH OF WROUGHT
ITRON COLUMNS,

Yor different proportions of length in feet (=1)
To least radius of gyration in inches (=r).

Ultimate Strength in Ibs. per square inch =

Column Column Column
Square Bearing:  Pin and Square Bearing : Pin Bearing :
ALY R | TREY _ 40000
(21 (121) (121)?
1+ 36000r2 Y ogors 1 1s000re

To obtain Safe Resistance :
For quiescent loads, as in buildings, divide by 4.
For moving loads, as in bridges, divide by b.

| Ultimate Strength in Lbs. | | Ultimate Strength in Lbs.

1 per square inch. 1 per square inch.
r Pin and | . r | Pin and | o

| Square. Square. Pin, Square. | Square. | Pin.
30 | 38610 87950 | 37310 | 8.0 | 31850 | 28900 | 26460
92 | 83430 | 87680 36970 | 82 | 81520 | 28500 | 26010
84 | 38230 87400 | 36610 | 84 | 31190 & 28100 | 25570
$6 | 38030 37110 | 36240 | 86 | 30870 | 27700 | 25130
38 | 87820 | 36810 | 35860 | &8 | 30540 | 27310 | 24700
40 | 87590 @ 86500 | 85460 | 9.0 | 30210 | 26920 = 24270
42 | 87360 36170 | 85050 | 9.2 | 29880 | 26530 | 23850
44 | 37120 | 35840 | 34640 | 9.4 | 20550 | 26140 | 23430
4.6 | 36870 | 35500 | 84210 | 9.6 | 29230 | 25760 | 23080
i3 36620 = 85140 | 33770 | 9.8 | 28900 | 25370 | 22620
50 | 86360 34780 | 33330 | 10.0 | 28570 | 25000 | 22220
52 | 36090 = 34420 | 82890 | 102 | 28250 | 24630 | 21830
54 ‘ 35820 | 34050 | 32440 | 10.4 | 27920 | 24260 | 21440
5.6 | 35540 33670 31980 | 10.6 | 27600 | 23890 | 21060
58 | 85260 | 33280 = 81520 | 10.8 | 27270 | 23530 | 20600
6.0 | 34970 = 82800 = 31060 | 11.0 | 26950 | 23170 | 20830
62 ‘ 34670 | 32500 80590 | 11.2 | 26640 | 22890 | 19960
64 | 34370 | 32110 | 30130 | 114 | 26320 | 22470 | 19610
6.6 | 34060 = 31710 | 29670 | 11.6 | 26000 | 22130 | 19270
68 | 33750 | 31310 | 20200 | 118 | 25690 | 21800 | 18980
7.0 | 33440 | 80910 | 28740 | 12.0 | 25380 | 21460 | 18500
72 | 83180 | 30510 | 28270 | 122 | 25070 | 21130 | 18260
74 | 82810 | 80110 | 27820 | 12.4 | 24770 | 20810 | 17940
76 | 32490 | 29710 | 27360 | 12.6 | 24470 | 20490 | 17620

78 | 270 20310 | 26010 | 128 | 24170 | 20180 | 17310
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CARNEGIR, PHIPPS & CO., LIMITED.,

ULTIMATE STRENGTH OF WROUGHT IRON COLUMNS.—Continued.

19.0 | 23870 | 19860 | 17000 | 17.0 | 18550 | 14630 | 12080
13.2 | 23570 | 10560 | 16710 | 17.2 | 18320 | 14410 | 11880
18.5 | 23140 | 19110 ' 16280 | 17.6 | 17980 | 14100 | 11590
138 | 22700 | 18670 | 15850 | 17.8 | 17640 | 13790 | 11320
14.0 | 22420 | 18380 | 15580 | 18.0 | 17420 | 13500 | 11140
142 | 22150 | 18100 | 15310 | 182 | 17200 | 13390 | 10060
145 | 21740 | 17600 | 14920 | 185 | 16880 | 13100 | 10700
14.8 | 21820 | 17200 | 14530 | 18.8 | 16570 | 12820 | 10450
15,0 | 21050 | 17020 | 14200 | 19.0 | 16370 | 12630 | 10290
15.2 | 20790 | 16760 | 14040 | 10.2 | 16170 | 12450 | 10130
15.5 | 20290 | 16300 | 13690 | 195 | 15870 | 12190 | 9890
15.8 | 20020 | 16010 | 13350 | 19.8 | 15570 | 11930 | 9670
16.0 | 19760 | 15770 | 13120 | 20.0 | 15380 | 11760 | 9520
16.2 | 19510 | 15540 | 12910 | 20.2 | 15200 | 11600 | 9380
165 | 19150 | 15190 | 12590 | 205 | 14920 | 11360 | 9170
168 | 18790 | 14850 | 12280 | 20.8 | 14650 | 11120 | 8970

RADII OF GYRATION FOR TWO ANGLES PLACED BACK T0 BACK.
ANGLES WITH EQUAL LEGS,

"
Radii of Gyration given, correspond {0 “directions indicated by mw—htads._

S, mmu" “5” RADIT OF GYRATION,
Inches. ‘ Inches, th Ta r 3 ] | o5
6 x6 v | 169 | 187 | 250 | 267 | 276
“ % | %5 | 18 | 257 | 27 ‘ 2.85
5 x5 3% ‘ 121 [ 156 | 200 | 22 | 285
- # 266 | 149 | 27 | 235 | 245
4 x4 | K% 96 | 128 | 168 | 186 | 1.8
¥ | H | 195 | 118 | 175 | 194 | 204
8%x3% | % | 83| 107 | 147 | 166 | 175
« 18 | 168 | 1.02 | 155 | 174 | 185
8 x8 | ¥ 48 | 008 | 125 [ 143 | 153
“ | 3% | 112 | o088 | 132 | 151 | 16
23 X2 i 44 | 08 | 115 | 134 | 144
8 [ % 84 | 082 | 119 | 139 | 149
214 X2k X 40 | 077 | 1.05 | 1 |1
e % 75 | 074 | 110 | 129 | 140
2 %21 iy 36 | 060 | 096 | 1.14 | 124,
i i 67 | 066 | 099 | 119 | 130
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CARNEGIE, PHIPPS & CO., LIMITED.

RADII OF GYRATION FOR TWO ANGLES
PLACED BACK TO BACEK.

ANGLES WITH UNEQUAL LEGS.

Radii of Gyration given, correspond io directions indicated by arrow-heads.

s, hickness, Weight ?er RADIT OF GYRATION,
i hlie“ o)
Hacian Thhes Imgu.n.d.nuE Ty LT Ty ' I3
7 x8% | & | w7 | 226 | 121 | 189 | 147
¥ 317 | 219 | 131 | 150 | 160
b x4 s | 121 | 198 | 150 | 167 | 176
“ % | 266 | 186 | 158 | 176 | 1388
6 %317 | 3% | 14 | 194 | 126 [ 148 | 153
“ % | »2 | 187 | 135 | 154 | 164
5 x4 % | 108 | 159 | 188 | 175 | 185
“ % | 87 | 152 | 166 | 1% | 1%
5 3 | % | 102 | 1eo | 138 | 151 | 160
“ % | 223 | 158 | 142 | 161 | 17
5 x3 % | 96 | 16t | 110 | 127 | 187
i i | 195 | 155 | 118 | 137 | 147
434x3 % | 89 | 144 | 113 | 131 | 14t
“ 2 | 181 | 138 | 125 | 146 | 15
4 x3% | % | 89 | 125 | 143 | 160 | 170
i i | o181 | 119 | 150 | 169 | 179
4 X3 ool 7o | 1oz | 17 | 135 | 1
i 15| 167 | 121 | 125 | 145 | 155
3143 s | 65 | 110 | 122 | 140 | 149
“ 1| 154 | toa | 130 | 150 | 160
sigxey | i | a8 | 112 | 096 | 113 | 123
“ | 122 | 106 | 103 | 128 | 133
33 X2 | 42 | 106 | o | 092 | 12
“ o | 88 | 100 | 079 | 099 | 110
3 w2 | 1 44 | 09 | 100 | 118 | 128
-' S| 93 | o9t | 105 | 125 | 135
3 x2 | 85| 09 | o7 | 093 | 103
g 2| 75 | 092 | o0 | 100 | 110
21/ %2 @ | 27 | o7 | o | o9z | to7
“ ¥l 67 | om | ose | 104 | 115




CARNEGIE, PHIPPS & CO,, LIMITED.

RADII OF GYRATION FOR TWO ANGLES
PLACED BACK TO BACK.

ANGLES WITH UNEQUAL LEGS.

T Iy Ty
r,i 8 roi

e e -—

%!! %r‘f
Radii of Gyration given, correspond fo directious indicated by arrow-heads.
" Wei, GYRATION,
s, '.f";":‘fl'(u,rv— RADIT OF
Inches. Inches, Singleanglel | ' T I,
7 x9% | oo | 147 | 095 | 337 | 356 | 366
“ { | 817 | 089 | 348 | 368 | 878
6 x4 s | 121 | 117 | 27 | 292 | 30t
“ % | 266 | 111 | 28 | 302 | 312
6 x3% | 3 | 114 | 099 | 281 | 300 | 310
- % | 252 | 093 | 290 | 810 | 330
b x4 % | 108 | 120 | 220 | 238 | 248
“ % | 27 | 114 | 220 | 248 | 258
5 x8% | % | 102 | 102 | 237 | 245 | 256
“ % | 223 | 096 | 236 | 266 | 265
5 x4 3% | 96 | 085 | 285 | 252 | 262
“ 1| 195 | 080 | 242 | 262 | 27
44X ;2 89 | 086 | 207 | 235
“ $ | 181 | 081 | 2156 | 235 | 245
4 X3y iﬁ 89 | 106 | 174 | 192 202
“ 3| 181 | 101 | 181 | 200 @ 2n
4 x3 v | 70 | 089 | 179 | 197 | 207
“ b | 167 | o83 | 188 | 208 | 218
81,/x8 | 65 | 090 | 152 | 171 | 180
L; 54 | 08 | 161 | 181 | 191
81, % 2% 48 | 07¢ | 158 | 176 | 186
“ bl 122 | 067 | 166 | 18 | 196
34 X2 ¥ | 42 | 067 | 151 | 170 | 180
“ & 88 | 053 | 157 | 177 | 188
3 xot¢ | K | 44 | o7 | 131 | 150 | 159
“ % | 98 | o2 | 187 | 156 | 168
3 x2 i | 35 | 058 | 138 | 158 | 1.6
75 | 055 | 142 | 162 | 178
21.x2 % | 27 | 060 | 110 | 138 | 139
“ 116 | 1 1.46

R
2
W
8| o
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CARNEGIB, PHIFFS & CO., LIMITHD.

ULTIMATE STRENGTH OF HOLLOW CYLIN-
DRICAL AND HOLLOW RECTANGULAR
CAST IRON COLUMNS.

Ultimate Strength in Pounds per Square Inch:
CyYLINDRICAL COLUMNS. RECTANGULAR COLUMNS,
Square Bearing: Pin & Square: Pin Boaring: [Square Bearing: Pin & Square: Pin Bearing:
80000 80000 80000 | 80000 80000 80000
(121)2 (1212 (121)2 3(121)2 121)2 §(121)%
Hgoas Fieo0ar Haooaz| Ta00a: Tesoa: ie00as
I=Length of Column, in feet.
d=External diameter or least side of rectangle, in inches.
CYLINDRICAL COLUMNS. RECTANGULAR COLUMNS,

il Ultimats Strength 1n Ibs. per sq. in. Ultimate Strength in 1bs. per sq. in.

4 Boaute. gmﬁ Pin Bearing, | Square. 1;;::: | Pin Baaring.
1.0 | 67800 | 62990 | 58820 | 70480 | 66520 | 62090
11 65690 60300 55730 68790 64260 60300
1.2 63530 57600 52690 67000 61940 57600
1.3 61340 54930 49740 65140 59600 54960
1.4 59140 52310 46000 63260 57270 52320
15 | 56940 | 49770 | 44200 | 61350 | 54960 | 49760
1.6 54760 47300 41630 59450 52680 47300
1.7 52620 44940 30210 57550 50460 44960
1.8 50530 42670 36930 55670 48300 42670
1.9 48400 40510 34790 53800 46230 40510
2.0 46510 38460 32790 51940 44200 38460
21 44600 36520 30920 50160 42260 36520
2.2 42750 34680 20180 48400 40400 34680
23 40380 32940 27540 46670 38630 32050

24 39280 31310 26030 | 44990 36930 | 31310

25 | 37650 | 29770 | 24620 43390 | 35310 | 29760
2.6 36090 | 28320 | 23300 41820 | 33770 | 2830
27 34600 | 26950 | 22070 40320 | 32310 | 26950
28 33180 | 25670 | 20930 38870 | 30920 | 25670
2.9 31820 | 24460 19860 87470 | 29600 | 24460

3.0 30530 | 23320 18870 | 86120 | 28340 | 2330
31 290310 22250 17940 34830 27150 | 22250
3.2 28140 21250 | 17070 33580 26030 | 21250
3.3 27030 20300 16260 32300 | 24960 | 20300
34 25970 19410 15500 | 31240 | 23940 19410

For quiescent loads, as in buildings, divide the above values by 10,
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CARNEGIE, PHIPFS & CO., LIMITED.

Safe Loads, in Tons of 2,060 Lbs., for Hollow Cylindrical Cast Iron Columas,

Ont- gj LENGTH OF 0OLUMNS, IN FEET. 8oo- [wht Tbs.,
o l85| 8 [10][12[14 16 18] 20|22 24 |foms! plisns
inches] % | Tons, | Tons. | Tons. | Tons. | Tons, | Tons. | Tons. | Tons. | Tons. linches. nﬁaug&
6 | 24| 262 23.0) 201 17.5 15.2 18.2 115 . . |. .| 86| 2695
8| 3| 375 3. 28.81250 217 189 165 - . |- . |12.4] 3859
6 | 7| 427 87.6 82.8 285 24.7 21.5/ 188 . . | .. |14.1] 43.96
6|1 | 47.6 419 365| 31.8 27.6 24.0 200 . . | .. |15:7| 49.01
6 124 52.2 46.0 40.1 v | .. |172] 5876
7| ¥ 14.7| 45.96
71 189 58.90
7 1% 26,7208| 6477
8| & 26.1/17.1| 5329
8|1 33.6/22.0| 68,64
8|1y 405265 8271
9| ¥ 5| 34.1/19.4| 60.65
9 (1 58.4) 53.2 48.4) 44.1(25.1| 78.40
9|1y 99.6 92.2 8L8 77. 4l 587 53.4/30.4| 94.94
9 | 134 1238115.71107.1] 985| 90.1] 822 74.8 saé! 62.0/35.3| 110.26
9 | 15¢ 139.6130.5120.8111.1/101.6{ 92.7] 84.4 76.8 69.9(39.9| 124.36
10 |17 (1014 959 89.8 83.6 77.4) 71.5 658 60.5 55.528.3| 8823
10 {114 [123.3116.5109.11101.6| 94.1 86.8 70.9 73.4 67.5/34.4 | 107.28
10 | 114 (143.7135.8127.31185{100.7]101.2 93.2 85.6 787 40.1 | 124.99
10 [ 2"~ 1162.7153.8/144.1/134.1/124,21114.6/105.5{ 97.0) 89,1/ 45.4 | 141,65
11 (1 [114:8109.41035 97.3| 91.0] 84.8 802| 73.1] 67.7/31.4| 08,03
11 | 114 189.9133:3126.1118.61109103:3 67.8 89.4! 825 383 | 119.46
11 | 1 [16355/155.9147.5138.6128.7/120.8114.3/104.1 96.4] 44.8 | 139,68
11 | 13¢ [185.7177.1167.5157.5/147.3/137.2120.8/118.3100.5 50.9 | 158,68
11 (27 1206.6196.9186.3175.1(163.8152.6144.4181.5(121.8 56,6 | 176.44
12 |1 123.0‘122.911721110‘1047 984 922 81| 8041346 | 10751
12 | 11¢ 156.4150.1/143,1/135.7127.91120.2112,6/105.2 98.2 42.2 131,41
12 |11 183.3175.9167.7159.0149.9140.9132,0128.3115.1) 495 | 154.10
12 {13 208.7200.4/191.0181.1/170.7/1604150.3140.5131.1/ 56.4 | 175.53
12 |2 71223.4213.0201.9190.4 1?&9:15? 6{156.6(146.1| 62.8 | 195.75
13 [1 118.5112.1/105.8 99, 377/ 11753
13 |1 7145.0137.2129.4121 46114386
13 [1% 1/152.0143.1/134.3/ 54.2 | 168,98
13 [13¢ 194.4/183.9173.5/163.3153.3 61.9 | 192.88
13 |2 5/193.9182,5/171.3 69.1 | 215,56
14 |1 132.31125.9119.5113.1{106.8 40.8| 127.60
14 |1y .71162.2/154.4/146.5/138.6/131.01 50.1 | 156.31
14 (15 190.8181.7172.3163.1/154.1) 58.9 | 183.67
2 1y 107.01186.5176.2| 67.4 | 210,00
@2 4220, 197.2| 75.4 | 285,12
15 |1 146,0130.7(33.3126.8120.4) 44.0 | 187.28
15 |1 179.3171.5/163.8155.7147.9) 54.0| 16848
15 [1%4 1/192.8133.5174.2 63.6| 198.74
15 |13 ﬁ?ﬂ 10.1199.5{72.9| 227.45
15 |2 \5i247.5/235.51223.6: 81.7| 254.90




CARNEGIE, PHIPPS & CO0., LIMITED.

CORRUGATED FLOORING.

The trongh and corrugated plate sections shown on page 53
are used for floors of bridges and fire proof buildings.

The following tables give weights in iron per lineal foot of each
rolled section and per square fo- t of floor surface for thicknesses
varying by % inch; also the moments of resistance for one foot
in width and the safe loads per square foot for spans of different
lengths using fiber strains of 12000 and 10000 1hs.

P —
F ! s
: g
i ]
l_f i i
=_ i -
H -
>

S e

PROPERTIES OF TROUGH SEOTION,

|t

B ) (|

e 0 | Mt | a2 | M8 | M4

Weight per lineal foot . . . . . 160 | 137 | 165 | ofbo | 2367
Weight per square foot . . . | 24.50 | 27.60 [ 30.70 | 33.80 | 87.00
Moment of resistance . . . . . 11.56 | 13.06 | 14.57 | 16.12 | 17.67

SAFE LOADS IN LBS, PER SQUARE FOOT OF FLOOR FOR SPANS (OF
DIFFERENT LENGTHS.

g| Mo [ M1 M12 Mi3 M4
E‘ _moo 10000 | 12000 | 10000 | 12000 | 10000 | 12000 | 10000 | 12000 | 10000
Ihe, | Lbs Lbs. | Lbs, Lhs.

5 (3609 | 3083 | 4179 | 3483 | 4662 | 3885 | 5158 | 4208 | 5654 | 4712
6 | 2569 | 2141 | 2902 | 2418 | 3238 | 2608 | 3582 | 2085 | 3927 | 3272
7 | 1887 | 1573 | 2182 | 1777 | 2379 | 1083 | 2632 | 2193 | 2885 | 2404
8 | 1445 | 1204 | 1633 | 1361 llﬂﬁt 1517 | 2015 | 1679 | 2200 | 1841
9
10
1

1142 | 952 | 1200 | 10756 | 1439 | 1199 | 1592 | 1327 | 1745 | 1454
025 | 771 | 1045 | 871 1166 | 972 | 1200 | 1075 | 1414 | 1178
764 | 637 | 864 | 720 | 963 | 803 | 1066 | 888

12 | 642 | 535 | 726 | 605 809 | 674 | 896 | 747 | 982 818

13 | B47 | 456 | 618 | 516 | 690 | 575 | 763 | 636 | 836 697
14 | 472 | 393 | 533 | 444 595 | 496 | 658 | 548 | T21| 601
15 | 411 | 343 | 464 387| 518 | 432 | 573 | 478 523
16 | 361 | 301 | 408 | 340 | 455 | 379 ) 504 | 420 | 5562 | 460

Safe loads given include weight of section.
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CARNEGIE, PHIPPS & CO., LIMITED,

CORRUGATED FLOORING.

I\ 22 S22 AN
T - g S <p

PROPERTIES OI' 0ORRUGATED FLATE.

Section index . . . . . M30 | M31 M34 | M35

wwdﬁ:lﬂum' %o % 1?‘30 1?30 o350 | 245

Weight per square foot . | 10.83 | 1351 | 16.18 | 17.13 | 19,99 | 22.84

Moment of resistance . | 110 | 1.55 | 1.95 | 323 | 384 | 439
SAFE LOADS IN LBS. PER SQUARE FOOT OF FLOOR.
M30 M31. | M32,
it

12000 Tbs, | 10000 Ths. | 12000 Lbs | 10020 Lbs. | 12000 Lbs. | 10000 Tba
b 362 203 406 413 624 520
6 244 203 345 287 433 361
7 180 150 253 211 318 265
g 138 115 104 162 244 203

10

Span M3 M34 M35
a Pt 12000 Lhe, | 1000 [bs, | 12000 Lbs. | 10000 Lts. | 12000 Lbs. | 10000 Lbs,

b 1049 874 1228 1023 1404 170
6 728 607 853 as 97 13
7 535 448 627 623 717 598
8 410 342 480 400 549 458

i3 103 8 | 120 100 137 | 114

"'afc loads given include weq,hl of section.
W eight per square foot given does not include weight of splice plate.
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BUCKLED PLATEHS.

The old form of Buckled Plate contains one buckle and is squa:e
or rectangular, and supported along its four edges in the msnner
shown by Fig. 2, The central part or buckle is surrounded by a
flat rim called thefillet,

A new form of Buckled Plate, made in long lengths, with
several buckles to the plate, is shown by Fig 1, and is manufac-
tured by the Keystone Bridge Co., Pittsburgh, Pa. In this form
the plate is usually supported at the two long edges only.

Buckled plates are now preferably made of steel, as they can
be obtained of this material as cheaply as of wrought iron.

Buckled plates are used for the floors of fire-proof buildings and
of iron high-way bridges. They are usually covered with conerete
or asphalt and stone paving, etc. They are made in thicknesses
of %" to 3", and are very strong, as indicated by the following
table. In order to allow for some deterioration by corrosion, they
are, however, rarely made thinner than 147, while %” is a usual
thickness for bridge floors,

Table of safe, quiescent, uniformly distributed loads for iron
Buckled Plates, 3 feet square, arched 13{ inches, and well bolted
down on all sides:

Thicknese. gﬁu“: - m‘m load) o I squars foot,
pounds, pounds, poaads,
& 68 5600 622
iy 90 10080 1120
&t 118 13888 1544
w’ | 135 20160 240

The resistance of buckled plates bolted or riveted down all
around is double the resistance of the same plate merely supported
all around, and if the twe opposite sides are unsupported, the re
sistance is reduced in the proportion of 8 to b.
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CARNEGIE, PHIPPS & CO., LIMITED.

CORRUGATED AND GALVANIZED IRON.

Corrugated Iron is used for roofs and sides of buildings. It is
usually laid directly upon the purlins in roofs, and held in place by
means of clips of hoop iron, which encircle the purlin and are
placed in distances of about twelve inches apart. Special care
must be taken that the projecting edges of the corrugated iron,
at the eaves and gable ends of the roof, are well secured, other-
wise the wind will loosen the sheets and fold them up.

The corrugations are made of various sizes; the smaller
present a more pleasing appearance to the eye, while the lurger
are stiffer and will span a greater distance, thereby permitting the
purlins to be placed further apart. The sizes of sheets generally
used for both roofing and siding, are No. 20 and 22,

The corrugated iron which will be deseribed in the following,
is manufactured by the Keystone Bridge Company, of Pittsburgh.
It is of medium size, presenting both a good appearance and
being of sufficient strength for usual requirements.

By one corrugation is meant the double curve between corre-
sponding points, and by depth of corrugation the greatest deviation
from the straight line measured between the concave surfaces of
the corrugated sheet,

The Keystone Bridge Company's corrugations are 2.425// long,
measured on the straight line; they require a length of iron of
2.725" to make one corrugation, and the depth of corrugation
is §4/%. One corrugation is allowed for lap in the width of the
sheet,a.d 6 in the length for the usual pitch of roof of two to
one, Sheets can be corrugated of any length not exceeding
ten feet. The most advantageous width is 804/, which
(allowing 147 for irregularities) will make eleven corrugations
= 31", or, making allowance for laps, will cover 24%{ " of the
surface of the roof.

By actual trial it was found that corrugated iron No. 20,
spanning § feet, will begin to give a permanent deflection for a
load of 30 Ibs. per square foot, and that it will collapse with a
load of 60 Ibs. per square foot. The distance between centers
of purlins should therefore not exceed 6 feet, and, preferably,
be less than this.




3 OARNEGIE PHIPPS & CO., LIMITED.

CORRUGATED IRON,
The following table is calcuiuted for sheets 3034/ wide before

corrugating.
__"_I _§ z Weight por Square of 100 square zg
5. |2E5| yhen lad, allowing 6 lqinlm;thm »
i%ﬁ" 53 FEAISEE LO o g g i vt o |52
- £ | k

m | m | 5] 0| 7|80 |10 5F

065 | 2.61 | 3.28 | 365 | 858 | 853 | 850 | 348 | 346 | 2.95
049 | 1.97 | 2.48 | 275 | 270 | 267 | 264 | 262 | 261 i
18

20 |.035 | 1.40 | 1.76 | 196 | 192 | 100 | 188 | 186 | 185 | 1.74
22 | .028 112 | 1.41 | 156 | 154 | 152 | 150 | 149 | 148 | 1.46
D

24 022 88| 141 [123) 121 119 | 18 | 17| 117 | 122
8 | 72| ot f101] 99 97| o7 96| 95 1.08

NoTk.—For weights per square laid with one and one-half lap,
add to above § per cent. For weights per square laid with two
laps, add to above 10 per cent.

TRANSVERSE STRENGTH.

d

......‘...f...........A_.

| ~Unsupported length of plate, in inches.
t=Thickness of plate, in inches.

b-Width of plate, in inches.

il—Depth of corrugations, in inches,
WeBreaking weight distributed in tons.

L L o (1] a w ])aunds-

W 49,95 t.h.d.
1

£9900 t.b.d.
|

Vo
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CARNEGIE. PHIPPS & CO.,, LIMITED.

B

EXPLANATION OF TABLES ON MAXIMUM
STRESSES IN PRATT AND WHIPPLE
TRUSSES.

Pages 211 to 218, inclusive.

These tables give the stress in each member of a Pratt (single
quadrangular) or Whipple (double quadrangular) truss, for any
number of panels not exceeding twelve in the former, and twenty
in the latter case, on the assumption that the load is uniform per
foot, and the panels are all of the same leagth, The stresses are
given in terms of the truss-panel dead and moving loads, repre-
sented respectively by W, and L. These are obtained by multi-
plying the dead load per foot of bridge, in the case of W, and
the moving or live load per foot of bridge, in the case of L, by
half the panel length.

The letters W and L are placed at the top of column in tables,
and not next to the figures to which they belong, for want of space,

The stress in all, for example, in a twelve panel Pratt truss,
=b55W 4+ 55L, and in Be=45 W 4 3§ L, both multi-
plied by the quotient specified in the last column.

The system of lettering employed is shown by Figs, 1 and 2,
on page 210, opposite, and, it is believed, is the best in
use. By making a sketch of the truss under consideration and
lettering the vertices in the manner shown, the truss members to
which reference is had in the tables, can be readily idestified,

The dead load is assumed as concentrated at the lower vertices
of the trusses, for through bridges, and at the upper vertices, for
deck bridges. For through bridges of very large spas, the
stresses thus obtained for the posts must be increased by the truss-
panel weight of the upper portion of the truss, iocluding the
lateral bracing ; but in small spans, the increase of stress on this
account is so inconsiderable that it is usually neglected,

Note : In order to calculate the stresses in a Whipple or double
quadrangulsr truss by statical methods, it is necessary to cozsider
the truss as the combination of two Pratt trusses or single sy tems
of bracing, and assume that each of these two systems is strained
in the same manner as if one were independert of the other, If
the number of panels is odd, each of the two systems is unsym-
metrical, which has the effect of making the stress in the middle
panel of the lower chord slightly smaller than the stress in the
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correspouding pancl of the top chord. The difference is, how-
ever, frequently neglected, end the stress in middle panel of
bottom chord assumcd the same as in middle panel of top chord,
Each of the two systems is assumed to carry one-half of the
panel load at the top of the inclined end posts,

Fig. z
Pratt or Single Quadrangular Truss.
R 2] 2 K.

a a & i &

Fig. 2
Whipple or Double Quadrangular Truss.

b, A . { N i

¢ B 1 Ay Fh A i & i

Tllustration of Apyhuhnn of Tables, also of the Uu of Tah!ow Nahml

8 nes, Tangenfs and Secants.

A Pratt truss of 135/ span and 18/ depth, is divided into nine
panels of 15/ each, * Required the stress in first m:in tie Be, and
in middle panel DE of top chord, for a dead load of 1200 lbs,,

and & moving load of 3000 1bs. per lineal foot of bridge,

W= 1220 X 15 — 9000 1bs.

30
L —- 00 X 15 — 22500 1bs.
Length Be

Bc-(3w+-9—1,) K=k
DE - (10 W 410 L) :g

The factor %"g. or panel length divided by depth of truss, is
the tangent of the angle, for which the length Be, divided by depth
By table of natural sines, tangents and
secants, for tangent ~ jg 0.833, the secant ~ 1.302; therefore :—

Be = 97000 x 1.30 = 126100 1bs.

DE - 315000 x %-mm

of truss, is the secant.
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MAXIMUM STRESSES UNDER DEAD ANL

MOVING LOADS IN PRATT OR SINGLE
QUADRANGULAR TRUSSES

~ W =dead load and L = moving load per fruss and per ) panel.

Wn‘.h inclined end posts and equal panels, for Through and Deck Bridges.

12 Panel | 11 Panel | 10 Panel | 9 Panel | 8 Panel |mus.
(Mo, ‘ Truss. | Truss. | Truss. [y by,
WAL | W+L WAL | WAL | W4L
aB | 55455 | b5+5 | 45445 4-|_;4 | 85435z
Bo | 45438 | 4 s.aj.:g.s 32| 2542 (%4
0d | 3544 8+t | 25428 | 243 | 15+ 25
De | 25 2 15421 | 14| 05410 |5
Bt | 15 Lh | goHs o%{ -0.5+§ iz
Fg | 0543k | O+4f |-05410 | 14§ [-154§ |33
Gh [-05-4+3% | -1+1¢ [-154-08 | -2+ § Eﬁ'r
Hi |-15 2
abe| 654 55| 545 | 4b4 45| 4+ 4| 85435| ©
B, ed [10.0-4+100) 949 sui 80 7i7 6.0460[25
0D, do |135+185 12412 [1054-105 9+ 9| 75+75|% ¢
DE of [16.04-160 14414 1204120 10410 | 8048.0[5==
BF fg [1754175| 15415 [1254-125 e
F§ | 18.0--180 | £
Thro', Deck,
o | 45433 | 4 95436 | 8+%| 2543
O, Dd | 85+4% | 3 95198 | 24| 15419 |
Dd, Bo | 2544F | 2Fif | 15421 | 14| 054 | £
B Pf | 15441 | 144 | 05415 | 0430|054+ § | 2
B G | 05l | O 0540 |
Gg =0.54-11
7 Panel | 6Panel | 5 Panel | 4 Panel | 3 Panel |muu-
Momber. | “fruss, | Truss. | Trass. | Tross. | Truss. [ply by
WAL | WL | WL | WL | WL
aB | 843 | 25405 20 |154+15 141 [B,.
B | ety | torel hE |05ty oH =
od | 1 05-4-1.0 06 |05+ 1 53
Do | 044 [-054+05| -1402 £g
Bt | 14 LA
abe| 848 | 25425 2 | 15415 141 [ExE
BO, o 5 | 40440 gis 2.04+2.0 9 141 |82
ODE, de 6 | 45445 ‘ 453
Thro', Dock. Facihl
AR R R T
D 1 0505 ' l E




CARNEGIBE, PHIPPS & CO., LIMITED. l
MAXIMUM STRESSES UNDER DEAD AND |
MOVING LOADS IN WHIPPLE OR ‘
DOUBLE QUADRANGULAR
TRUSSES
With inclined end posts and equal panels, for Through and Deck Bridges.
W = dead load and L = moving load per truss and per panel. ]
| 20 Panel | 19 Panel | 18 Panel | 17 Panel | 16 Panel |35
Member | “prie’ | frum | Truw. | T | Tus |3z
! WL | W4L | WL | WL | WHL
(g i, B e 21
¥ - x 12:5( £ rH -
s | coregis 1 otl e Tedtl B Dokl soudts
Go | 35+183| 4+ 49| 254439 3
D | B0retu 4ot 1844507 20490815 8
B | 25085 4400 +351| 154-2hye 5
Fh | 20445y 4 £ Lbis YawodL
e el abaRaban
0450y hy i 4 | 0. i e
D[ 05-+ugye| 124 ‘r_l+$;'~u.s+w§=
e Ty
Mo [L0Taf Lty Fige fEpaca g
abo | 95+ 95| 949 |85+ 85 848 |75475
d | ey s Re | T s
BO, de | 22122 :W'i“f? 19.54-19.5 501430 | 17417 ‘
w, o as}zs w4 (25549554040 | 2219 (3 [
DE f | B8 \rep R05105 Wtos | 6468 150 |
g | 0 Witw 3451845 100 | 20429
6, bi | 444 |Dp-up (75305 /ntu | 31481 |€
g% W alt E“t}%*ﬁ?iog };‘fi“ﬁj“ Hion |4
IKL 5050 ﬂw' H | ol |
#h]— k=
mna.:. 5 L ﬁ%’i—n‘r‘n’ o e et 5 4 " !
! 18] 40-1-172,5 4635 85-55:8
w | a4 skl L e
Go B | 85+id0) Hboti B0tu 4 Habor 254 i
DA, Bt | 804087 4340y 2etae f -+ 20tae) o
By G | 28107 1§40 2000 1ot 18tk 8
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CARNEGIE, PHIPPS & CO. LIMITED.,

MAXIMUM STRESSES UNDER DEAD AND
MOVING LOADS IN WHIPPLE OR
DOUBLE QUADRANGULAR
TRUSSES

‘With inclined end posis and equal panels, for Through and Deck Bridges.
W =dead load and L = moving load per truss and per panel.

16 Paxel

14 Panel

| 13 Panel | 12 Panel | 11 Panel |5
Member. | "o | Truss | Trus. | Trus, _Trgsai 2z
WAL | WL | WL | WL | WL
B | 747 |65485| 646 |55455| 545 |&
Be | 48 4447 304478 34“1’ 2548058 g4 345019
Bd *L+i?55 2.5+315{5 ! + .5.5 204-2 ‘iﬁ %g. __21l|t§ 5
G | 1ok 20dabe ol totaps ) el 3
Df | $£--20%) 1643440 344358 L0440 oy 1548 8
B | {EHue LObag) gy biel 0841 740 | Re
Fh | { +'$!"’ 0541958 e 412550 0.0 K- [P +§f- | 5=
G | 7% +150| 0.04- 130 —A 4R 0.5+ 4d-| Py 4
Bre e
Km (-5 + 49|
thel 747 | 5480 648 ggi 8 545 |,
BO, de aﬁj:;’,iﬁ iuﬁs+uiaf¥+§ 1220+1220x§t}5+§$ z
oD, of %0508 '18.54—18,5,2,1,7:]:3,1{ 15.04-15.0 149205 |E
A B
F6, hi *,ﬁg+*,!_._=*,2415+2425x,:,;+ 7 | FG=EF Vo |42
GHI[4+44) | GE=FG | GH= o= |F
FaE e i ) Y+
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CARNEGIE, PHIFPPS & CO., LIMITED.

CONVENTIONAL SIGNS FOR RIVETING.
SHOP FIELD

TWO FULL HEADS .

Countersunk Inside and Chipped.

Countersunk Outside and Chipped

Countersunk Both Sides
and Chipped,

a3
INSIDE QUTSIDE BOTH SIDES

Flattened tol4” High or Countersunkand not Chipped

Q. P

Flaltenedlil.o}ﬁ" High. i
The foundation of the above system is the diagonal cross to

Flattenedtolg” High.
e nt a countersink, the blackened circle for « field rivet, and
the vertical stroke to indicate a flattened head. The position of
the cross, with re to the circle (inside, outside, or both sides),
indicates the location of the countersink, and the number and po-
~ sition of the vertical strokes indicate the height and position of the
flattened heads
Any combination of field, countersunk and flattened head rivets
liable to occur may be readily indicated by the proper combiga-
tion of above signs,
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CARNEGIE, PHIPPS & CO., LIMITED.

NOTES ON ROOFS AND LOADS FOR BAME.

Angles of roofs as commonly used.

Poprien | ANGLE | pmgnot | Propeion | ANLE | pogn i
i b M| Pl s W oot | op, 3m, | Tar orie,
¥ 600 | 14142 K | 2y 20
3 3 4 1.8028 e 21 48 | 26026
s | %000 | 2000 [ g | 182 | 262

APPROXIMATE LOADS PER SQUARE FOOT FOR ROOFS, OF SPANS
UNDER 75 FEET, INCLUDING WEIGHT OF TRUSS,

Roof covered with corrugated iron, unboarded, . 8§ pounds
Roof covered with corrugated iron, on boards, =TT
Roof covered with slate, on laths, - - - 1y %
Same, on boards, 1%/ thick, - - - - ST A
Roof covered with shingles, on laths, - - - 10

Add to above, if plastered below rafters, - . = 1o
Snow, light, weighs per cubic foot, L B 5torz =

For spans over 75 feet, add 4 Ibs. to the above loads, per square
foot,

It is customary to add 30 lbs per square foot to the above for
snow and wind, when separate calculations are not made.

PRESSURE OF WIND ON ROOFS, (Unwin)

a=—Angle of surface of roof with direction of wind.
F=Force of wind in 1bs. per square foot.

A=Pressure normal to surface of roof=F Sin. a 14 Cox a1,
BePressure perpendicularto directionof wind=F Cot. a Sin a 148 Cos.a.
C=Pressure parallel to direction of wind=F Sin. a 1.8 Cov. s,

| | |
Auglo of moof-a | 5° | 10°| 20° [ 80°| 40° | 60°| 60°| 70 | 80°| 00°
A-Fx 125! 24| 45| 66| 83| 95 1.00/1.02|1.01 1.00
B-FX 22| 24| 42| 57| 84| B1| 50| 35| 47| 00
0=Fx 01 | 04/ .16, 83 53| 73| 85| .96 .99|1.00
| I | ' i
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CARNEGIE, PHIPPS & CO., LIMITED,

ROOF TRUSSES.
Tables for finding strains in members for roof trusses of
the different types and pitches as given
below and of any span.

RuLE—To find the strain in ¢ny member, multiply the coeffi-
cient given for thet member by total dead load carried by truss
(=span in feet) distance between trusses in feet) weight per
square foot), If the trussis acted upon by wind forces or other
unsymmetrical loading the strains in the members must be calcu-
lated accordingly and combined with the dead load strains as
found below.

Member PITOR. (Depth to Span.)
of Truss, 1 o
Sl b | % i | ¥ NoTE. — Heavy lines
18 L : denote compression and
gﬁ' _ggg :ggg ;‘gg i'g}g light lines tension mem-
Ca 563 850 750 038 bers. 1oads are con-
Ug :ggg .333 g .g§5 sidered as concentrated
a 21 4 232 R
5 188 247 ‘550 313 at the joints,
Fig. 2.
a | .760 | .883 030 1.120
Bb | 589 | .666 | .757 928 Fig. 1,
O H68 | 666 .783 995
Da | 625 | 721 833 1.042
Dd | 876 433 500 625
ab JA86 | 167 JA80 202 T
ba 85 | 167 180 202
Eed A 250 | 288 333 A7
a 788 | 874 978 1,178
Bb J18 | 812 922 1.131
Co 649 | .70 .866 1.085
Dd | 580 | .687 810 1.038
Ea 656 | 758 875 1.094
Ef Bb62 | 650 750 938
Ee 476 | 433 500 625
ab 04 | 108 12 16
bt 093 108 125 156
fg 208 | 216 224 232
g 003 | 108 125 156
cd JA04 | 108 112 116
Ee 187 | 217 250 313
o | .280 | .85 76 469
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QARNEGIE, PHIPPS & CO. LIMITED.

BXPLANATION OF TABLES ON RIVETS
AND PINS,

PAGES 219 TO 222,INCLUSIVE,

In transmitting strains by means of rivets, it is customary to
disregard the friction between the parts joined, as too uncertain
an element to be relied upon to any extent. The rivets must
then be proportioned for the entire strain which is to be trans-
mitted from one plate, or group of plates, to the other, and they
must be of sufficient size and number to present ample resistance
to shearing and afford sufficient bearing area so as not to cause a
crushing of the metal at the rivet holes. This latter condition,
while generally observed for pins, is very often entirely over-
looked in riveted work, Its observance, in most cases of riveted
girders with single webs, determines the size and number of
rivets to be used, and frequently makes it necessary to adopt a
greater thickness of web than would otherwise be required.
Thus, if the web is {4// thick, the rivets connecting the same
with the flange angles have a bearing value of only 3520 1bs.
for a 3{// rivet, while their shearing value is =2 X 3310 = 6620
Ibs. per rivet, the rivets being in double shear. Consequently,

while the usual thickness of web of floor beams for railway bridges.

is 347/, it sometimes becomes necessary, for shallow floor beams,
to increase this thickness to 14”7 and even 3§//, in order that the
pressure of the rivets upon the semi-intrados of the rivet holes
be not excessive, between the points of support of floor beam and
of application of the load, (in which space the transmission of
strain from web to flanges takes place).

The most usual pressures allowed upon rivet bearing are 15000
and 12000 1bs. per square inch, as assumed in the tables, the bear-

ing area being the diameter of hole multiplied by the thickness |

of metal. The former pressure, though somewhat greater than is
generally allowed for pins, is frequently used in riveted work in
consideration of the neglect of the friction betweer plates.
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CARNEGIE, PHIPPS & CO., LIMITED.

The heavy zig-zag lines in tables on rivets, indicate the limit
at which bearing exceeds single shear. All values above these
lines are in excess of single shear, all values below are less than
single shear.

Pins must be calculated for shearing, bending and bearing
strains, but one of the latter two only, in almost every case,
determines the size to be used. The strain allowed upon pin-
bearing in bridges proportioned to a factor of safety of five, is
usually 12000 Ibs, and the maximum fiber strain by bending,
15000 Ibs. per square inch. When groups of bars are connected
to the same pin, as in the lower chords of truss bridges, the sizes
of bars must be so chosen and the bars so placed that at no
point on the pin will there be an excessive bending strain, on the
presumption that all the bars are strained equally per square inch.

The following examples will illustrate the use of the tables:

I. A pin in the bolster or end shoe of a bridge has to carrya
load of 40000 Ibs. between two points of support; what size of
pin is required, assuming the distance between points (7. e,
centers) of support of bolster plates and centers of pressure of
end post plates = 217772

Answer :—Bending moment = 20000 1bs. X 237 = 50000 inch
Ibs., therefore 3'{*/ pin required for 15000 1bs. fiber strain, since
the allowed moment for 31 /* = 50800, as per table.

IT. Required the thickness of metal in the top chord or in a
post of a bridge, that will give sufficient bearing area to a 3347/
pin having to transmit a strain of 60700 Ibs., the allowed pressure
per square inch on bearing being 12000 1bs. maximum.

The bearing value of a 33§’/ pin for 17/ thickness of plate =

60700
40500 1bs. therefore the thickness of metal required = —— =
40500

1147/, or each of the two plates in the chord or pest will have to
be {7/ thick,
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CARNEGIE, PHIFPS & CO., LIMITED.

MAXIMUM BENDING MOMENTS TO BE AL.
LOWED ON PINS FOR MAXIMUM FIBER
STRAINS OF 15000, 20000 AND 22500 LBS.
PER SQUARE INCH.

wy| Moment L) Moment Momant Momont

= for 8 for for for
55 815000, B | 515000 | S~20000 | 822500
A= L ln ad | Thln Lbe, In. Lbs In

1 | 1470 4'¢ 134200 1789 201300
lzfg 2100 4‘35 145700 194300 218500
1;2 2880 4-,'_,i 15%800 21 7

1 383 4’y 170800 2276 255900
!.gf 4970 5 | 184100 245400 276100
1% 8320 5'4 198200 264300 297300
1;’ 38 0 5% 213100 284100 318600
1| 9710 5. 228700 304800 343000
2 | 11800 5l 245000 23286700/ 367500
2! 41 5. 2682100 349500 393100
s!ﬁ 880 5%/ 280000 373300 419900
2)%| 19700 b5/, 29B600, 398200 447900
9}2 23000 6 J 318100 4%100! 43‘?100
24| 28800 8!; 338400 451200 507800
2% 30600 6!y 359500, 479400 538300
24| 35 6!y 381500 bHOBY00 BY2300
3 | 39800 6'¢| 404400/ 639200 608800
3 44900 6| 428200 670800 642300
3Y;| 50800 G!| 452900 603800 670400
3| 68600 67, 478500 628000 ¥W1V800
8} 83100 0| 3 0| ¥ | 505200/ 673400 757600
8% 70100 93500/105200| 7!: 631200 828400 231800
34| ¥7700103500116500| 8 | 754000 10054001131100
3i4| 85700114200 128500 8!¢ 904400 12056000 1356700
4 | 94200125%00141400 9 |10736800 1431400 1809500
4}{ ,103400'137800“65000 10 [1572600188850022079800
41{113000150700/160600{11 190980026 133002940000
4%:123300-1844{)0:185000 12 [21506003383000:3817100

Rruarks—The following is the formula for the flexure applied to pins:

Swd SAd
Mo — — T
] or -—-8
M=moment of forces for any section through pin,
Sewstrain per &q. in, in extreme fibers of pin at that section.
A==areca of section,
de=diameter.
m=3.14159

The forces are assumed to act in a plane passing through the axis of the pin.

The above table gives the values OPM for different diameters of pin, and for
three values of S,

If M max, is known, an inspection of the table will therefore show what
diameter of pin must be used in order that & may not exceed 15000, 20000 or
22500 |bs,, as the requirements of the ease may be.

For Railroad Bridges roportioned to a factor of safety of 5, it Is customary
to make & max, = lnmﬂplh& in iron and = 20000 1bs, in steel,
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Pin. inches
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BEARING VALUES OF PINS

FOR ONE INCH THICKNESS OF PLATE.

(=Diameter of Pin 1 Strain per Square Inch.)

785

1.227
1.485

1.787
2.074

3.142
3.647
3976
4.430

4.909
5412

6.492

7.089
7.870

8.946

9.621|
10.32
11.056
11.79
12.57

1419
15.03

2.761 22500

5.940| 33000

Bearing
Value at
15,000 Lbs.
Por 8q. In.

Ibs

Diameter of

| Pin. iaches.

|

B B
P

10
12

a20

Area of
Pin.

w. in.

15 90
16.80
17.72
18.87

1064
20.63
21.65
22.69

23.76
24.85
25 07
27.11

28.27

3088
31.92

33.18
34 47
35.79
37.12

38.48
44.18
50.27
56.756

63.62
78.54
05.03
113.10

Valus at
12,000 Lbs.
Per 5q. In.

[bs,

54000

55500
57000
68500

60000
61500
668000
67500
70500

72000

760C0
78500

78000
79500
81000
82500

102000

108000
120000
132000
144000




BHEARING- AND BEARING VALUE OF RIVETS.

Diam. of Rivet Single Bearmg Value for different Thicknesses of Plate at 15000 Ibs. per square inch.
ininches. | grea of |Sbearat (=Diameter of Rivet % Thickness of Plate > 15000 Ibs.)
BE 02 75001bs, , :
Fraction, Decimal. qu?:;nh, Ku l"'” %n l| ‘I’s" %u }}u M” ”n %u i.:;
=
3% | .875 | .1104| 828(1410 | B
% | 4875/ .1503/1130|1640/2050 2]
' % | 5 .1963| 1470|1880 2340 2810
| 1% | .5825 .2485(1860|2110 2640 3160 3690 o
3% | .835 | .3088 2300|2340 2030 3520 41 | | @
| 1| .es7s| .8712/2780|2080| 3220 3870 4510 5180 x
| % | 76 | 4418 3310|2810|3520 4220 4920 5630 6330 O
| 11| .8125 .5185 3890 3050‘ 38.0|4570 5330 6090 6860 7620 B
| 7% | 875 | 601345103280 41004920 5740 6560 7380| 8200 =
| 13| .e875 .8903[5180 3520‘ 4390|5270 6150 7030 7910 8780 9670 B
1 10 7854 5890 | 3750 4690 5620|6560 7500 8440 938010310 11250 '
1/ | 1.0825 .8866|6650|3980 4980 5980|6970/7970 8960| 9960 10960 11950/ 12950
| 1 % (1125 | .9940 7460 4220! 5270 6330|7380/ 8440 9490 (10550 {11600 |12660 13710 14770
| 14 |1.18751.1075/8310 12250118360 14470/ 15590

4450 55670 6680

7790

891010020

11130
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BHEARING AND BEARING VALUE OF RIVETS.

Diam. of Rivet Single Beamghlnd:rdﬂhunﬂhmknmu!?l&huimlh pcsqmmeh.
in inches. | preaof SM{I‘ (=Diameter of Rivet X Thickness of Plate > 12000 Ibs.)
Rivet.
m Mm‘l. v WM‘ x!f *l{ l %!! l"” "!I *}!f %!! {'f! %t!
3 | .875 | .1104] 6601130
Js | 4875/ .1508| 900|1310 1640
X1 b6 -1863|1180| 1500| 1880 2250
v | .5625 .2485 1400|1690 2110 2530 295
5 | .625 | .3088/ 1840|1880 2340 2810 32
41 | 6875 .3712 2230|2060)2580 3090 3610 4130
¥| .76 4418 2650|2250 281d 3380 |4500 5080
{# | -8125 .5185 3110|2440 3050{3660 4880 5480 6090
% | 875 | .6013 3610|2630 3280/3840 4550 5250 5910 6560
{3 | -9375| .6903 4140|2810 3520{4220 492015630 6330| 7030| 7730
1 10 .7854 4710|3000 3750 450015 8000 8750 7500| 8250 B000
1/; | 1.08625 .88886 5320|3190 .‘39&(.20I A78015580/6380 7100 7970| 8770| 9560 10360
1'% | 1.126 | .9940 5860|3380 4220 5060 591C| 8750 7500| 8440| 9280(10130 10870 11810
1/ | 1.1875/1.1075/6650| 3560 5340! 6 7130 8020| 8910| 980010690 11580 12470

THd 'H

ol

IOEANETYO

T

NI 00 % 84

AR

"aE




' e S T 7
P TIEE Taee eeeeey |

CARNEGIH, PHIPPS & €0., LINITED >

SPECIFICATIONS FOR CONSTRUCTIONAL IRON.

cwamscren ans 1. All wrought iron must be tough, ductile, fibrous and of

Fisee niform quality, Finished bars must be thoroughly welded

during the rolling, and be straight, smooth and free from in-
Jjurious seams, blisters, buckles, cracks or imperfect edges.

mavvracrme. 2. No specific process or provision of manufacture will be
demanded, provided the material fulfills the requirements of +
these specifications,
grancane Tesr 8. The tensile strength, limit of elasticity and ducelity,
PGS shall be determined from a standard test piece of as near 14
square inch sectional arca as possible. The elongation shall
be measured on an original length of B inches,
guasrio bonr, 4. Tron of all grades shall have an elastic limit of not less
than 26,000 pounds per square inch,
Mige Tesr on B, When tested in speci of uniform tonal area of at
TERsIONIRON. Yoast 14 square inch, taken from members which have been
rolled to a section of nat more than 414 square inches, the
iron shall show a minimum ultimate strength of 50,000 pounds
per square inch, and a minimum elongation of 18 per cent, in
8 inches,
6. Specimens taken from bars of a larger cross section than
4}4 square inches, will be allowed a reduction of 500 pounds
for each additional square inch of section, down to a minimum
of 48,000 pounds, and have an elongation of 15 per cent, in
8 inches, ;

penowe Tenr. 1. All fron for tension members must bend cold through
90 degrees to a curve whose diameter is not over twice the
thickness of the piece, without cracking, At least one sample
in three must bend through 180 degrees to this curve, without
cracking, When nicked on one side and bent by a blow from
a sledge, the fracture must be mostly fibrous,

ancie avp B, The same sized specimens taken from angle and other
OTHER BHAFED ree Yot Y
o shaped iron shall have a ngth of 48,000
pounds per square inch, and a minimum elongation of 15 per
cent, in 8 inches,
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Puates.

T ImON,

Ful 8um
Test,

Vaaamion m

9. Specimens from angle and other shaped iron must bend
cold through 90 degrees to a curve whose diameter is not over
twice the thickness of the piece, without cracking,

10, The same sized specimens, taken from phm&inchu
to 24 inches in width, shall show a mini 1ti gth
of 48,000 pounds per square inch, and a minimum elongation of
15 per cent, in 8 inches; plates from 24 inches to 86 inches
wide shall show a mini ultimate strength of 46,000 pounds
per sq inch, and elongate 10 per cent, in B inches; plates
over 86 inches wide shall have a minimum elongation of 8 per
cent, in B inches,

11, Samples of plate iron shall stand bending cold through

90 degrees to a curve whose diameter is not over three times its

hick th king, When nicked and bent cold, the
Eran:mm must be mostly fibrous,

12. Rivet iron shall have the same physical requirements as
high test iron, and, in addition, shall bend eold 180 degrees to a
curve whose diameter is equal to the thickness of the rod
tested, without sign of fracture on the convex side.

18, Specimens taken from pin iron under 4 inches diameter
shall have a minimum ultimate strength of 50,000 pounds per
square inch, and elongate 15 per cent, in 8 inches, Rounds
over 4 inches diameter, having a minimum elongation of 10 per
cent. in 8 inches will be satisfactory,

14. Full size pieces of flat, round or square iron not over
434 inches in sectional area, shall have an ultimate strength of
60,000 pounds per square inch, and h 121 per cent. in the
body of the bar. Bars of a larger sectional area than 434
square inches, will be allowed a reduction of 1,000 pounds per
square inch, down to a mini of 46,000 pounds per sq
inch, and stretch 10 per cent, in the body of the bar,

15, The variation in cross section or weight of rolled
material of more than 2 per cent, from that specified, may
be cause for rejection,
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SPECIFICATIONS FOR CONSTRUCTIONAL STEEL.

process or 1. Steel may be made by either the Open Hearth or Bes-
MANUSACTURE,

Semer process,

vest Pieces. 2. The il gth, limit of elasticity and ductility shall

be determined from a standard test piece cut from the finished
material and planed or turned parallel; the piece to have as
near 14 sq inch ional area as possible, and elongati
to be measured on an original length of B inches; two test
pieces to be taken from each heat or blow of finished material,
one for tension and one for bending,

8. Every finished piece of steel shall be stamped on one
side near the middle with the blow number identifying the
melt; and steel for pins shall have the melt number stamped
on the ends. Rivet and lacing steel, and small pieces for pin
plates and stiffeners, may be shipped in bundl
together, with the melt number on a metal tag attached,

ly wired

4. Finished bars must be free from injurious seams, flaws
ar eracks and have a workmanlike finish,

omase or Stene. O, Steel shall be of three grades: soFT, MEDIUM, HIGH,

sorr sree, 0. Specimens from finished material for test, cut to size

specified above, shall have an ultimate strength of from 54,000
to 62,000 pounds per square inch ; elastic limit one-half the uli-
mate strength ; minimum elongation of 26 per cent, in 8 inches ;
minimum reduction of area at fracture 50 per cent, This grade
of steel to bend cold 180 degrees flat en itself, without sign of
fracture on the outside of the bent portion,

s

meowusreer, 7. SP from finished material for test, cut to size

specified above, shall have an ultimate strength of 60,000 to
18,000 pounds per squnre inch; elastic limit one-half the ulti-
mate igth ; longation 20 per cent, in 8 inches;
minimum reduction of area at fracture, 40 per cent, This
grade of steel to bend cold 180 degrees to a diameter equal to
the thickness of the piece tested, without crack or flaw on the

outside of the bent portion.
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Pin BTEEL,

VARIATION 1N
WEIGHT,

B. Speci from finished ial for test, cut to size
lpedﬁtdlbove,lhallhwuullimau strength of 66,000
pounds to 74,000 pounds per sq inch ; elastic limit one-half

the ultimate strength; minimum elongation 18 per cent, in 8
inches ; minimum reduction of area at fracture, 85 per cent,
This grade of steel to bend cold 180 degrees, to a diameter
equal to three times the thickness of the test plece, without
crack or flaw on the outside of the bent portion,

9. Pins made of either of the above mentioned grades
of steel, shall, on specimen test pleces cut from finlshed mater-
ial, fill the physical requirements of the grade of steel from
which it is rolled, for ultimate strength, elastic limit and bend-
ing, but the elongation shall be decreased § per cent., and re-
duction of area at fracture 10 per cent, from that specified,

10, The variation in cross jon or weight of more than
234 per cent. from that specified, will be sufficient cause for
rejection.

Fuee sue Tests 1. Full size tests of steel used for eye-bars shall not be re-

©F BTEEL Bans.

quired to show more than 10 per cent, elongation in the body
of the bar, and tensile strength not more than 4,000 pounds
below the mini tensile gth required in speci tests,
of the grade of steel from which it is rolled,

SPECIFICATIONS FOR CONSTRUCTIONAL OAST IRON.

1, Except where chilled iron is specified, all castings shall be
tough gray iron, free from injurious cold shuts or blow holes,
true 1o p and of a work like finish, Sample pieces 1
inch square cast from the same heat of metal in sand molds
shall be capable of sustaining on a clear span of 4 feet Binches
a central load of 500 pounds when tested in the rough bar,

SPECIFICATIONS FOR WORKMANSHIP.

1. Inspection of work shall be made as it progresses, and at
as early a period as the nature of the work permits,
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2, All workmanship must be first class, All abutting sur-
faces of compressi bers, except flanges of plate gird
where the joints are fully spliced, must be planed or turned to
even bearings s3 that they shall be in such contact throughout
as may be obtained by such means. All finished surfaces
must be protected by white lead and tallow,

8. The rivet holes for splice plates of abutting members
shall be so accurately spaced that when the members are
brought into position the holes shall be truly opposite before
the rivets are driven,

4. Rollers must be finished perfectly round and roller-beds
planed,

5. The pitch of rivets in all classes of work shall never ex-
ceed 6 inches, nor 16 times the thinnest outside plate, nor be
less than 8 diameters of the rivet, The rivets used shall gen-
erally be 3%, 3 and 7 inch diameter, Thedistance between
the edge of any piece and the center of a rivet hole must never
be less than 13{ inches, except for bars less than 234 inches
wide, When practicable it shall be at least two diameters of
the rivet. Rivets must completely fill the holes, have full
heads concentric with the rivet, of a height not less than .6
the diameter of the rivet, and in full contact with the surface,
ired, and machinc-driven

or be countersunk when so

wherever practicable.

6. The diameter of the punch shall not exceed by more
than 1-16 inch the diameter of the rivets to be used, and
all holes must be clean cuts without torn or ragged edges.
Rivet holes must be accurately spaced ; the use of drift pins
will be allowed only for bringing together the several parts
forming a member, and they must not be driven with such force
as to disturb the metal about the holes,

7. Built members must, when finished, be true and free from
twists, kinks, buckles, or open joints between the component

pieces,

£ve ams avo 5. All pin-holes must be accurately bored at right angles to
Pin-HOUES.  the axis of the members, unless otherwise shown in the draw-

+—
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ings, and in pieces not adjustable for length no variation of
more than 1-32 of an inch will be allowed in the length between
centers of pin-holes ; the diameter of the pin-holes shall not ex-
ceed that of the pins by more than 1-32 inch, nor by more than
1-50 inch for pins under 8§ inches diameter, Eye-bars must
be straight before boring ; the holes must be in the center of the
heads, and on the center line of the bars, Whenever eye-bars
are to be packed more than %4 of an inch to the foot of their
length out of parallel with the axis of the structure, they must
be bent with a gentie curve until the head stands at right angles
to the pin in their intended position before being bored.  All
cye-bars belonging to the same pancl, when placed in a pile,
must allow the pin at each end to pass through at the same
time without forcing,  No welds will be allowed in the body
ol the bar of eye-bars, laterals or counters, except to form the
loops of laterals, counters and sway rods; eyes of laterals,
stirrups, sway rods and counters must be bored; pins and lateral
bolts must be finished perfectly round and straight, and the

Puor Nurs, Party contracting to erect the work must provide pilot nuts
where necessary to preserve the threads while the pins are
being driven, Thimbles or washers must be used whenever
required to fill the vacant spaces on pins or bolts,

ARMEALING. 9, Ip all cases where a steel piece in which the full strength
is required has been partially heated the whole piece must be
subsequently annealed. All bends in steel must be made cold,
or if the degree of curvature is so great as to require heating,
the whole piece must be subsequently annealed,

PANTING. 10. Al surfi i ible after bling must be well

painted or oiled before the parts are assembled .

11. The decision of the engineer shall control as to the in-
terpretation of drawings and specifications during the execu-
tion of work thereunder, but this shall not deprive the con-
tractor of his right to redress, after the completion of the
work, for an improper decision
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NOTES ON IRON AND STEEL.

1. The average weight of wrought iron is 480 Ibs. per cubic
foot. A bar I inch square and 3 feet long weighs, therefore,
exactly 10 1bs. Hence:

To find the sectional area, given the weight per foot :

Multiply by 4.

7o find the weight per foot, given the sectional area :

Multiply by 19,

2, The weight of steel is 2 per cent. greater than that of
wrought iron.

" 3. The center load, at which a bar of wrought iron 1 inch
square and 12 inches center to center of points of support will
give way, is very nearly one fon (of 2,240 1bs.)

4. Within the elastic limit, the extension and compression of
wrought iron is very nearly Todyo of its length for a strain of
one ton (of 2,240 1bs.) per square inch.

For cast iron this ratio is 4455 for tension, but becomes varia.
ble for compression.

5. The contraction or expansion of wrought iron under
changes of temperature is about g3 45 of its length, for a varia.
tion of 15° Fahrenheit.

The strain thus induced, if the ends are held rigidly fixed,
will be about one fon (of 2,240 lbs.) per square inch of cross.
section,

6. The coefficient of expansion of wrought iron, for 100°
Fahrenheit, is0.000686. Therefore, for a variation in tempera-
ture of 125°, a bar of wrought iron 100 feet long will expand or
contract 1.029 inches,

Conversely: A change in length of 1 inch per hundred feet
would be produced by a variation in temperature of 121.5°
Fahrenheit,

7. The melting point of iron and steel is about as follows :

Wrought iron, .+  3,000° Fahrenheit.
Cast iron, . . g . 2,000° <
Steel, . A 2,400° iy

8. The welding heat of wrought iron is 2,733° Fahrenheit.

MISCELLANEOUS NOTES.
1. Thrust of erch per lineal foot :
15wl
Te= =
rise in arch in inches, and 1 =span in feet.

2. Approximately the radius of gyration for a box section is
1y the least side,

, in which w=1load per square foot, r=
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WOODEN PILLARS.

Extensive tests have been made at the Watertown Arsenal,
Mass,, to determine the resistance of wooden posts to crushing.
These tests, conducted partly by the U. S. Government and
P partly by Prof. Lanza, furnish the most reliable data existing at
present on this subject.

Prof. Lanza's experiments were made upon short rectangular
blocks and upon circular posts such as are commonly used in
mills. In diameter the latter ranged from 634 to 10}4 inches,
in some cases tapering slightly towards the to] ey were
from 2 to 14 feet in length and were tested with Ent

The following are the results thus obtained :
ULTIMATE RESISTANCE TO COMPRESSION,

POUNDS PER SQUARE INCH.

EIND OF TIMBER, MAIINDN, MINIMOM, MEAX.
White Oak, . . . 4450 3006 3470
Yellow Pine, . . . 5452 8604 4544

The timber employed in these tests was neither green nor
thoroughly seasoned, It was selected so as to fairly represent its
condition as ordinarily used for constructional purposes,

Prof. Lanza made further a series of tests upon old and thor-
cmﬁ1 hly seasoned mill posts of white oak, some varying from 63
inches diameter at the base to 53¢ inches at the top, and others
having a uniform diameter of about 10 inches. They were ap-
proximately from 12 to 14 feet in length., For the ultimate
resistance to compression in this case he obtained an average
value of 3,957 pounds per square inch. It is to be noted that
this result is only about 14 per cent, in excess of the mean
value given above for similar posts of white oak of the character
there described.

In all the foregoing tests, failure took place by direct crushing,
the bending of the post being too inconsiderable to maleriully
affect the result,

The other series of tests conducted at the Watertown Arsenal,
was made upon rectangular posts with flat ends having a length
of from 5 to 28 feet, and ranging in sectional area from 27 to 140
i square inches,

The results may be eeneralized as follows, calling -1- the ratio

of length of post to least side of cross-section, and f the ultimate
resistance to compression, in pounds per square inch:
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WHITE FINE. YELLOW FINE
Je I ' ‘ Ratio of | 1 \ ¢ | Rationof
Lo i i ] e e M
010 | 2500 | 1.00 0015 | 4000 | 1.00
1043 | 200 | 080 | 15483 | 8500 | 088
%eds | 1500 | 060 | B0<40 | 000 | 0%
6960 | 1000 | 040 | 40445 | 2500 | 063
| 45450 | 2000 | 050
| 5060 | 1500 | 038

Experiments upon white oak posts of such lengths have up to
the present time not been made. Probably values from 75 per
cent. to 80 per cent. of those given for yellow pine may be safely

assumed.
WOODEN BEAMS.
The following is a general summary of the results obtained by
Prof. Lanza from numerous experiments upon wooden beams.
They were of an average section of about I2x4 inches and
were tested for mean span lengths of about 18 feet:

of fi i
T

KIND OF TIMBER.
Maximom, Iluimul.___ Mean,
Spruoe, 5878 2005 4884
\gluh 6415 3438 4808
3 7659 4084 6076
Yolhw Pim - 11360 5092 720

The above statement of the maximum and minimum values
«does not consider the results obtained in a few isolated cases for
which the conditions were radically different than for the others.
It was found that the beams frequently gave way through longi-
tudinal shearing near the neutral axis, though this was not as
common & source of failure as breaking across the grain.

For spruce, the mean intensity of the shearing strains, for
beams that failed in this maoner, was 191 lbs,, and for yellow .
pine 248 lbs, For beams that failed otherwise, the mean inten-

. sity of shearing strains at the moment of rupture was very nearly
the same,

The conclusion appears, therefore, to be warranted that for
soft timber there is an almost equal tendency for beams to fail by
shearing longitudinally at the neutral axis, as by the tearing of the
outside fibers.

Owing to the wide range of theresullsoblunedandtha
iu‘::lly erratic behavior of timber subjected to strains, Prof.

recommends the following values for Moduli of Rupture
to be adopted in practice : -
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Spruce and White pine, . 9 . s 3,000 Ths.
Oak, : E y ! : 4,000 “
Yellow pine, - . ’ - y 5,000

These values are lower than heretofore in use and a safety
fagtor of 4, on the basis of these values, may be assumed as
ample for all cases,

The following table has been calculated for extreme fibre
strains of 750 lbs. per square inch :

SAFE LOADS, UNIFORMLY DISTRIBUTED, FOR RECT-
ANGULAR SPRUCE OR WHITE PINE BEAMS.
ONE INCH THICK.

(For oak, increase values in table by 14.)

(For yellow pine, increase values in table by 24.)

P DEPTH OF BEAM. A
sgle" || 8” | o” |10”]| 117|123~ | 13" | 14" | 15| 16"
b | 600|820 1070|1350 | 1670 | 2020 | 2400 | 2820 | 3270 | 8750 | 4270
6500 630 | 890| 1120|1390 | 1680 | 2000 | 2350 | 2730 | 3120 | 3560
71430(580| 760 960 (1190 | 1440 | 1710 | 2010 | 2330 | 2680 | 3050
8/380(510| 670 840 1040[1230 1500 | 1760 | 2040 | 2340 | 2670
9330 (460 590| 750 930| 1120 | 1330 | 1560 | 1810 | 2080 | 2370
10(800(410| 530| 670| 8301010 | 1200 | 1410 | 1630 | 1880 | 2130
11(270(870| 490| 610| 760( 9201090 | 1280 | 1490 | 1710 | 1940
12 250|840 | 440| 560| 690| 840 | 1000 | 1180 | 1360 | 1560 | 1780
13230 (310| 410| 520 640| 780 | 930 | 1080 | 1260 | 1440 | 1640
14 |210(290| 380 480| 590| 720 | 860 | 1010 | 1170 | 1340 | 1530
15(200{270| 360| 450| 560| 670 | 800 | 9401090 | 1250 | 1420
16 (190 260| 330 420( 520| 630 | 750 8301020 | 1180 [ 1330
17180{240| 310| 400| 490| 590 710| 830 960 | 1100 | 1260
18 1'53 230 200| 370/ 460| 560 | 670 | 780| 910/ 1040 1190
1

210| 280| 360, 440| 530 630 | 740| 860 | 990 1130

150|200 270| 340 420| 510 600| 710| 820 | 9401070
140/190| 260| 320| 390 480 | 570| 670| 780 | 890 | 1020
140(190 | 240 310| 380 | 460 | 540 | 640 | 740| 850
130180 | 230 290| 360 | 440 | 520 610| 710| 810
130(170| 220| 280| 350| 420| 500 | 590 680 780

970
920
890
270 B30| 410 480 560 660 | 750 | 860
110(160| 210| 260 320 390 | 460 | 540 | 630 | 720 | 820
110(150| 200| 250 810 870 | 440| 520 | 610 | 680 | 790
110(140| 190| 240 800 360 | 430| 500 | 580 | 670 | 760
110{140| 180| 230 200| 350 | 410| 490 | 560 | 640 | 740

To obtain the safe load for any thickness: Multiply values for
1 inch by thickness of beam.

To obtain the required thickness for any load : Divide by safe
load for 1 inch.
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STRENGTH OF MATERIALS.

ULTIMATE RESISTANCE TO TENSION

IN LBS. PER SQUARE INCH.

METALS AND ALLOYS.

Aluminum Bronze, AVERAGE.
10 per cent Al and go per cent. Copper, . 85000

1 /1{ € [ 93’3:{ [ [ - - 2m

Brass, cast, . g a8 : . ; . 18000
#  wire, g . > 4 : > g . 49000
PBronze or gun metal, . " < - ; 2 36000
CODDEG ORI, 5 | @ | Jyis | (ROSM GeRIN IS | ¢ . 18000
“* sheet, ' i ! i A . 3 30000

" bolts, . : 1 : : 4 3 . 36000

“ wire, (unannealed,) . . . . . 60000
Tron, cast, 13,400 to 29,000, . ; 4 = . 18500

«  wrought, round or square bass of I to 2 inch

diameter, double refined, . . 50000 to 54000
«  wrought, specimens ¢ inch square, cut from large

bars of double refined iron, . . 50000 to 53000
«  wrought, double refined, in large bars of about 7

square inches section, : ; 48000 to 47000
“ wrought, universal mill plates, angles and other

shapes, .« « . =+ 48000t 51000
« wrought plates over 36’/ wide, . 46000 to 50000

The modulus of elasticity of Union Iron Mills" double refined
bar iron §s 25000000 to 27000000 from tests made on finished

eye bars.

Iron, wire, . : h f s . 70000 to 100000
#%  wire ropes, . : : - ;- 5 5 20000

Lead, sheet, . o i | o liem 1 ay | v e 1SHORID

Steel, . - . . A . 85000 to 120000

Tin, cast, g o . : : - . 4600

Zinc, - . . } . . . 7000 to 8000
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STRENGTH OF MATERIALS.—Continued.

TIMBER, SEASONED, AND OTHER ORGANIC FIBER.

Taken largely from Trautwine’s pocket book, (edition of 1888,)
AVERAGE,

Ash, English, . . . . A 2 - . 17000
“  American, . : 3 Y 2 = 16000
Beech, « e . . . : 15000 to 18000
Birch, . . . ; - . . 15000
Cedar of Lebanon, % B . . g . 11400
“  American, red, . - A - - . 10300
Fir or Spruce, - el . . . 10000
Hempen Ropes, . . . . . 12000 to 16000
Hickory, American, . = . = . . . 11000
Mahogany, - 6 R : . 8000 to 21800
Oak, American, white, . . . 10000 to 18000
¢ European, . .+ 10000 to 19800
Pine, American, white, red m:d pitch, Memel, Riga, . 10000
“ “ long leaf yellow, . . 12600 to 19200
Poplar, o T S I LT T LS 7000
Silk fiber, W M 5 ST i . . 52000
‘Walnut, black, . - . - 7 . 2 16000

STONE, NATURAL AND ARTIFICIAL.

Brick and Cement, . . . . . 28010300
Glass, . s - . & : ’ . . 9400
R T ety 5 e s 9800 to 12800
Mortar, ordinary, . - d i FERL . 50

ULTIMATE RESISTANCE TO COMPRESSION.
METALS.

Brass, cast, . Sl 3h T e Sae s o S ECIRENS
Iron, « I B e e 82000 to 145000
“ wrought, . . . . . 36000 to 40000
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STRENGTH OF MATERIALS.—Continued.

TIMBER, SEASONED, COMPRESSED IN THE
DIRECTION OF THE GRAIN.

Taken largely from Trautwine’s pocket book, (edition of 1888.)

AVERAGE.
Ash, American, s ; P : : ‘ A 6800
Beech, “ p . - 5 4 i ¥ . 7000
Birch, 5 : 5 - : : : 5 8000
Cedar of Lebanon, . : . d . 5900
“  American, red, 3 : 3 i : 3 6000
Chestnut, . ; : s z : - : . 6300
Deal, red, B ‘ 3 . ; N ; : 8500
Fir or Spruce, . v : - . . - . 5000
Hickory, 4 . g % - 2 . 8000
Oak, American, ulme L : A - - . 7000
“ British, . . - 3 - . - . 10000
“  Dantzig, . - . 3 5 : - . 7700
Pine, American, white, . ; g * 4 . 5400
L % long leafl yellow, 5 - 4 . 8500
Walnut, black, = i : P 3 ! . 8000
STONE, NATURAL AND ARTIFICIAL.
Brick, weak, . . . . . ‘ . 550 to 800
“.  strong, . . . - B . . . 1100
“ fire, i . a . . . . 1700
Brickwork, ordinary, in cement, . 3 . 300 to 600
“ best, i . AL g . 1000
Granite, 2 . . . . i 5000 to 18000

Limestone, v w5 e SUSSENN o LEN0
Sandstone, ordinary, - 2 . . 2500 to 10000

ULTIMATE RESISTANCE TO SHEARING.
METALS.
Iron, cast, . 3 N s 5 25000

“  wrought, ulong the hber, * . . - . 4500v
TIMBER, SEASONED, ALONG THE GRAIN,

White Pine, Spruce, Hemlock, i . % 250 to 500
Yellow Pine, long leaf, . : ~ - . 300 to 800
Oak, . . - . . . . . 400 to 700
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LINEAR EXPANSION OF SUBSTANCES
BY HEAT.

To find the increase in the length of a bar of any material due
to an increase of temperature, multiply the number of degrees
of increase of temperature by the coefficient for 100 degrees and
by the length of the bar, and divide by 100,

Coafficiont for 180°

NAME OF SUBSTANCE, wm:w' rm&:hm 100
Baywood, (in the direction of the { ‘0%28 '091.%46
grain, dry,) - = .00031 .00057
Brass, (cast,) - . - .00104 .00188
el (wize) - - - 00107 .00193
Brick, (fire,) - - .0003 .0005
Cement, (Roman,) - - - .0008 0014
Copper, - . . .0009 L0017

Deal, (in the direction of the grain, 00024 00044
drY:] e = ™ - i

Glass, (English flint,) - - .00045 ,00081
“  (French white lead,) - .00048 .00087
Gold, L™ & ™ »id - .0008 .0015
Granite, (average,) - - . .00047 .00085
Iron, (cast,) = - - - 0008 .0011
“ (soft forged,) - - - 0007 0012
“  (wire,) - = - - .0008 0014
Lead, - - - - - .0016 0029
.00036 .00065
Marble, (Carrara,) - - - TO T0
{ .0006 .0011
Mercury, - . - - - 0033 0060
Platinum, . - - - L0005 0009
{ .0006 0009
Sandstone, - - - - TO
.0007 0012
Silver, . - - - - .0011 .002
Slate, (Wales,) - .0006 .001
Water, (varies constdembly mth 11 0086 0155

the temperature,) - T |
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WEIGHTS OF FLAT ROLLED IRON
PER LINEAL FOOT.

For Thicknesses from ! In. to 2 in. and Widths
from 1 in. to 12X in.

~_Tron weighing 480 lbs. per cubic foot.
. 2 T 5
E”‘m 17 (147 13671340 | 240 2141 2340| 12/
o5 208| 260| 313 .365 417 469 51| 573 250
A17( 621 .65 .720( 833 938 1.04 | 115 | 5.00
25| 781 ( .938) 1.09 | 125 | 141 | 166 | 1.72 | 7.50
1 833 (1.04 | 1.25 | 1.46 | 1.67 | 1.88 | 2.08 | 2.29 | 10.00
¥y [1.04 (180 | 1.56 | 1.82 | 2,08 | 2.34 | 2.60 | 2.86 | 12.50
4 1125 |1.56 | 1.88 | 2.19 [ 2.50 | 2.81 | 3.13 | 3.44 | 15.00
Yr (146 [1.82 | 219 |255 (292 | 828 | 8.65 | 4.01 | 17.50
4  |1.67 |2.08 | 250 | 2.92 | 8.38 | 3.75 | 4.17 | 4.58 | 20.00
Yz |1.88 |284 | 281 | 828 | 875|422 | 469 | 5.16 | 2250
§ |2.08 |2.60 | 3.13 | 3.65 [ 4.17 | 4.69 | 5.21 | 5.73 | 25.00
+4 229 |286 | 8.44 | 4.01 | 458 | 5.16 | 5.78 | 6.30 | 27.50
4 |2b0 |8.13 | 375|438 | 5.00 | 5.68 | 6.25 | 6.88 | 30.00
43 |271 |8.30 | 4.06 | 4.74 | 542 | 6.00 | 6.77 | 7.45 | 82.50
+ |92 |3.66 | 4.88 | .10 | 5.83 | 6.56 | 7.20 | 8.02 | 35.00
18143 (891 | 4.60 | 547 | 6.25 | 7.08 | V.81 | 8.59 | 87.50
1 3.33 |4.17 | .00 | b.83 | 6.67 | 7.50 | 8.83 | 9.17 | 40.00
14 |354 (443 | 531 | 620 | 7.08 | 7.97 | 8.85 | 9.74 | 4250
14 |37 |4.69 | 5.63 | 6.56 | 7.50 | 8.44 | 9.38 |10.81 | 45.00
1% 1896 |4.95 | 5.94 | 6.93 | 7.92 | 8.91 | 9.90 |10.89 | 47.50
13 |417 |521 | 6.25 | 7.29 | 833 | 9.38 |10.42 [11.46 | 50.00
1 |4.37 |547 | 6.56 | 7.60 | 875 | 9.84 110.94 (12,03 | 52.50
1 1§ 458 [5.73 | 6.88 | 8.02 | 9.17 [10.81 {11.46 [12.60 | 55.00
14 |479 |5.99 | 7.19 | 8.39 | 9.58 [10.78 |11.98 [18.18 | 57.50
14 |5.00 (625 | 7.50 | 8.7 |10.00 |11.25 12,50 (18.75 | 60.00
1% |b21 (651 | 781 [ 9.41 1042 |11.72 |13.02 [14.32 | 62.50
1§ |542 [6.77 | 8.13 | 948 [10.83 |12.19 [13.54 (14.90 | 65.00
144 |5.63 [7.03 | 8.44 | 9.84 11.25 |12.66 (14.06 [15.47 | 67.50
14 |683 (729 | 875 [10.21 |11.67 |18.13 [14.58 (16.04 | 70.00
133 |6.04 [7.55 | 9.06 (10.57 J'12.0!3 13.59 115.10 (16.61 | 72.50
1% 625 [7.81 | 9.38 (10.94 (12,60 [14.06 15.63 |17.19 | 75.00
113 1646 [8.07 | 9.69 (11.80 {12.92 14,53 [16.15 |17.76 | 77.50
2 6.67 |8.33 |10.00 [11.67 [13.33 [15.00 |16.67 i18.83 80.00
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WEIGHTS OF FLAT ROLLED IRON
PER LINEAL FOOT.

(CONTINUED,)
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625 677| .T29) .781| B33 .BRH| . 990 250
125 | 1.85 | 1.46 | 1.66 | 1.67 | 1.77 | 1.88 | 1.98 | 5.00
1.88 | 2.03 | 2.19 | 2.34 | 250 | 2,66 | 2.81 297 | 7.50
250 | 271 | 292 | 3.13 | 3.33 | 8564 | 8.75 | 8.96 | 10.00
9.13 | 3.39 | 3.65 | 3.91 | 4.17 | 4.43 | 4.69 | 4.95 | 1250

.75 | 4.06 | 4.38 | 4.69 | 5.00 | 5.31 | 5.63 | 5.94 | 15.00
438 | 4.74 | 5.10 | 547 | 5.83 | 6.20 | 6.66 | 6.93 | 17.50
5.00 | 542 | 5.83 | 625 | 6.67 | 7.08 | 7.50 | 7.92 | 20.00
5.63 | 6.09 | 6.56 | 7.03 | 750 | 7.97 | 844 | 8.

2
A
g

625 | 6.77 | 7.29 [ 781 [ 833 | 885
750 | 813 | 875 | 9.38 |10.00 [10.68

e it wded | BE
2 =
&
&
&
2

11,88 /12:86 [13.85 |14.84 115,83 [16:82
12.50 [13.54 |14.58 |15.63 |16.67 [17.71

13.13 (14.22 (1531 [16.41 (17.50 (18.59
13.75 (14.90 |16.04 [17.19 18.33 (19.48
14.98 (1567 |16.77 17.97 |19.17 [20.36

15.00 |16.25 (17.50 [{18.75 [20.00 21.25 [22.50

15.63 {16.93 (18.23 (19.53 20.83 |22.14
16.25 |17.60 (18.96 20.31 21.67 23.02
16.88 |18.28 (19.69 |21.09 [22.50 |23,
17.60 (18.96 [20.42 21.88 [23.33 4.
25,
26,

18.13 |19.64 21.15 22.66 24.17

7

68
18.75 2031 2188 2344 25.00 26,56
19.33 2099 22.60 [24.22 2583 2745
2000 2167 2333 25,00 26,67 28.33
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WEIGHTS OF FLAT ROLLED IRON
PER LINEAL FOOT.

(CONTINUED.)

gif:u’if: 5/ B4 5%//j 53(" 6" |e1" 6" 634"| 12"
Z | 104] 1.09] 115 120| 1.25| 1.30| 1.35| 1.41] 2.50
+ 2.08| 2.19| 2.29| 240| 2.50| 2.60| 2.71| 2.81 | 5.00
e 3.13| 328| 844 359 | 8.75| 3.91| 4.06| 4.22| 7.50
1 417| 4.38| 458 | 4.79| 5.00| 521 | 5.42| 5.63 | 10.00
5 521 | b47| 5.73| 5.99| 6.25| 6.51| 6.77( 7.03 | 12.50
$ 6.25| 6.56| 6.88| 7.19| 7.50| 7.81| 8.13| 8.44|15.00
T 729| 7.66| 802 839| 875| 9.11| 9.48| 9.84|17.50
3 833 | 8.75| 9.17 | 9.58 /10.00 | 10.42 | 10.83 | 11.25 | 20.00
5 9.38 | 9.84|10.31 |10.78 [11.25 | 11.72 [ 12.19 | 12.66 | 22.50
H 10.42 | 10.94 | 11.46 | 11.98 | 12.50 | 13.02 | 13.54 | 14.06 | 25.00
1+ |11.4612.03 | 12.60 | 13.18 | 13.75 | 14.32 | 14.90 | 15.47 | 27.50
3 12.50 {13.13 | 18.75 | 14.38 | 15.00 | 15.63 | 16.25 | 16.88 | 30.00

13 |13.64 |14.22 (14.90 | 15,67 [ 16.25 [ 16.93 | 17.60 | 18.28 | 82.50
F [14.58|15.31 |16.04 |16.77 | 17.50 | 18.23 | 18.96 | 19.69 | 85.00
1% |16.68 [16.41 (1719 |17.97 |18.75 | 19.53 | 20.31 21.09 | 37.50
1 16.67 | 17.50 | 18.33 | 19.17 | 20.00 | 20.83 | 21.67 | 22.50 | 40.00

L [17.71 {1859 | 19.48 | 20.36 | 21.25 | 22.14 | 23.02 | 23.91 | 42.50
1§ |18.75(19.69 | 20.63 | 21.56 |22.50 |23.44 |24.38 [25.31 | 45.00
1% [19.79 | 20.78 | 21.77 |22.76 | 23.75 | 24.74 | 25.78 | 26.72 | 47.50
1} |20.83|21.88 [22.92 |23.96 |25.00 |26.04 | 27.08 |28.13 | 50.00

17 |21.88|R2.97 | 24.06 | 25.16 | 26.25 | 27.34 [ 28.44 | 29.53
1§ |22.92|R4.06 25.21 [26.35 |27.50 |28.65 [29.79 | 80.94
17 |23.96 |25.16 | 26.35 | 27.55 | 28.75 (29.95 | 31.15 | 82.34
15 ]25.0026.25 27.50 |28.75 [30.00 | 31.25 | 82.50 | 83.75

s |26.04 [27.34 | 28.65 | R9.95 | 31.25 | 82.55 | 33.85 | 85.16
3 |27.08 (2844 |29.79 | 31.15 | 32.50 | 33.85 | 85.21 | 36.56
1 |28.13 [29.53 [30.94 32.34 | 83.75 | 35.16 | 86.56 | 87.97
3 2917 |30.63 32.08 | 3354 | 35.00 |36.46 | 37.92 | 39.38

1 [30.21 |31.72 | 33.23 | 34.74 | 36.25 | 37.76 | 39.27 | 40.78
F |81.25 (8281 | 34.38 | 35.94 | 87.50 | 89.06 | 40.63 | 42.19
7 |82.2983.91 35.52 |37.14 | 33.75 |40.36 | 41.98 | 43.59
83.33 | 85.00 | 36.67 38.33 | 40.00 |41.67 | 43.33 | 45.00




CARNEGIE, PHIPPS & CO., LIMITED.

WEIGHTS OF FLAT ROLLED IRON
PER LINEAL FOOT.

(CONTINUED.)

: | |
3’:‘&‘;:: 7II 7[/4” 7%”" 73/411‘ 8// 81/411 8%/1; 8%//
& | 146| 151| 156 1.61| 1.67] 1.72| 1.77| 1.82
+ | 292 3.02| 8.13| 3.23| 3.33| 344| 354 3.65
S | 438| 453| 469 484| 5.00| 5.16| 531 | 547
v | 583| 604 625 646| 6.67] 688| 7.08  7.29
S | 729| 75| 7.81| 8.07| 8.33| 859 885 9.4
s | 875| 9.06| 9.38| 9.69|10.00 |10.31 [10.63 | 10.94
2 11021 ]1057 | 1094|1130 11.67 | 1208 | 12.40 | 1276
T |11.67|12.08| 1250|1232 | 1333 | 1375 | 14.17 | 1458
2o 1313|1359 | 14.06| 1453 | 15.00 | 1547 | 15.94 | 16.41
5 |1458|15.10 | 15.63| 1615 | 16.67 [17.19 | 17.71 | 1823
T3 | 16.04 |16.61|17.19 |17.76 | 18.33 |18.91 [19.48 | 20.05
© 17,50 |18.13 | 1875 | 19.38 | 20.00 | 20.63 |21.25 | 21.88
13 |18.96]19.64|20.31 | 20.99 [21.67 [22.34 | 23.02| 23.70
72042 |21.15 | 21.88 | 22.60 | 23.33 | 24.06 |24.79 | 25.52
T3 |21.88 22,66 | 28.44 | 24.22 | 25.00 | 25.78 | 26.56 | 27.34
1 | 2333 24.17 | 25.00 | 25.83 | 26.67 | 27.50 [28.33 | 29.17
17 2479 |25.68 2656 | 27.45 | 28.33 | 20.22 [30.10 | 30.99
17 |26.25|27.19 | 28.13 | 29.06 | 30.00 [ 30.94 | 31.88 | 32.81
17 |27.71 2870 | 29.69 | 30.68 | 31.67 | 32.66 | 33.65 | 34.64
17 |2947 3021 | 3125 32.29 | 33.33 | 34.38 | 35.42 | 8646
175 |90.62(31.72 | 32.81 | 33.91 | 85.00 | 36.09 | 37.19 | 38.28
17 |82.08(33.23|34.38 | 35,52 | 36.67 | 37.81 | 38.96 | 40.10
17 (8354|3474 | 35.04 [87.14 | 33.33 | 39.53 | 40.73 | 41.93
11 [85.00 | 36.25 | 87.50 | 38.75 [ 40.00 | 41.25 | 42.50 | 43.75
15 |36.46|87.76 | 30.06 | 40.36 |41.67 [42.97 | 44.27 | 45.57
17 |37.9239.27 | 40.63 | 41.98 [43.33 |44.69 | 46.04 | 47.40
111 |89.38 407814219 | 4359 | 45.00 | 46.41 | 47.81 | 49.22
13 40583 4229|4375 | 4521 | 46.67 | 43.13| 4958 | 51.04
113 |42.29 1 43.80 | 45.31 |46.82 |48.33 |49.84 | 51.35 | 52.86
17 |4375|45.31 | 46.88 | 4844 | 50.00 | 5156 | 53.13 | 54.69
143 | 4521|4682 [48.44 [ 50.05 | 51.67 | 53.28 | 54.90 | 5651
2 |46.67 | 4833 |50.00 | 51.67 | 53.33 | 55.00 | 56.67 | 53.33




CARNEGIE, PHIPPS & CO., LIMITED.

WEIGHTS OF FLAT ROLLED IRON

PER LINEAL FOOT.

(CONTINUED.)

Thickness
in Inches.
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o 9%1/ 9%1/ 93/411

98| 2.03
96 | 4.06
94| 6.09
Q| 813

90 | 10.16
.88 |12.19
.85 | 14.22
83
81
79

|
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Sreoio  ~oreors
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16.26

18.28
20.31
77 | 22.34
23.13 | 23.75 | 24.38

25.05 | 25.78 | 26.41
26.98 (27.71 | 28.44
28.91 | 29.69 | 80.47
30.83 | 31.67 | 82.50

32.76 | 33.65 | 34.53
84.69 | 35.63 | 36.56
36.61 | 37.60 | 38.59
88.54 | 39.58 | 40.63

40.47 | 41.56 | 42.66
. .b4 | 44.69
44.32 | 45.52 | 46.72
46.25 | 47.50 | 48.75

48.18 49.48 | 50.78
50.10 | 51.46 | 52.81
52.08 | 53.44 | 54.84
53.96 | 55.42 | 56.88

55.89 | 57.40 | 58.91
57.81 | 59.38 | 60.94
: .35 | 62.97
61.67 | 63.33 | 65.00

s
[=r]
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—
s
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H5 SR8 [HBE SPIN
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o
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o
o
o
<o
3
—
D
=

lol !

103"

103/

00 o3 i 20
BEID

10.42
12.50
14.58
16.67

18.75
20.83
22.92
25.00

27.08
29.17
31.25
33.33

35.42
87.50
89.58
41.67

43.75
45.83
47.92
50.00

52.08
54.17
56.25
58.33

60.42
62.50
64.68
66.67

2.19
4.38
6.56
8.75

2.24
4.48
6.72
8.96

11.20
13.44
15.68
17.92

20.16
22.40
24.64
26.88

29.11
31.35
33.59
35.83

38.07
40.31
42.55
4.79

47.03
49.27
51.51
53.76

55.99
58.23
60.47
6.71

64.95
67.19
69.43
71.67
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CARNEGIE, PHIPPS & CO., LIMITHD.

WEIGHTS OF FLAT ROLLED IRON
PER LINEAL FOOT.

(CONTINUED. )

Thickness
in Inches.

ey |

1247

123/
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ek e (e
'q

— b ek b
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1177|1137 114 11=m 127 |12}
220 234 240 250| 2.55
458| 4.69| 479 5.00| 5.10

245

4.90

6.88] 7.03| 7.19| 7.34| 7.50 | 7.66
9.17| 9.38| 9.58| 9.79 |10,

8417 | 65,63 67.08 | 68.54 | 70.00 | 71.48
50 | 74.01
00

50 | 79.41
.00 | 81.67

2.60
521
7.81
10.42

13.02
15.68
18.23
20.83

23.44
26.04
28.65
31.25

33.85
36.46
39.06
41.67

427
46.88
49.48
52.08

54.69
57.29
59.90
62.50 | €

65.10
67.71
70.31
72.92

75.52
78.13
80.73
83.33

2.66
531
7.97
10.63

25
8¥s
facilitate making the additions necessary to oblain thy weights of plates

4’7, ndd the weights to be found in the same line for 3% X %

ot
=
The weights for 12/ width aro repeatsd

w.der than 127,

and

—

Thus, to find the weight o

12X 74 = 048 + 3500 = 4448 lbs




AREAS OF FLAT ROLLED IRON,

For Thicknesses from -115- in. to 2 in. and Widths

from 1 in. to 12% in.

m{ ]_H' 1%."! l}grfll%ﬂ'i 2”’ 2%”2%” 2%!! 12”
vr | -063| .078| 094 .109| .125| .41 | 156| 72| 750
+ | 25| .56 .188( 219| 250 281 .313| .844| 1.50
vr | 188| 284| 281| .328| 875| 422 | 469 .516] 225
} | 250| .313| .375| 438 | 500 .563 | .625| .638| 8.00
s | B13| 391 460 547 625 703 781| 850 37

B75| 469 | 563| .656( .750 | 844 933 1.0 | 4.5
i 433 | b47| .656( .766| .875| .984 |1.09 |1.2u 5.2
b 50| 625 760 875|100 148 125 138 | 6.00
P | 563| 708 844 984 (118 (127 (141 (155 | 675
§ | 625| 781| 938(1.00 [125 |141 |156 172 | 7.50 |
$1 | 688| 859103 |1.20 [1.38 [155 |172 |1.89 | 825
1 | 750 938 (1.13 |13t 150 |1.69 |1.88 |2.06 | 9.00
i3 C818]102 (122 [142 |163 |18 208 (238 | o7
§ | 875(1.09 [1.81 (158 [1.75 |1.97 |219 |241 |10.50
15 | 938[1.147 |14 [164 [188 (211 (234 [258 [11.5

1 100 |1.25 [150 |1.75 [2.00 (225 [250 (275 |12.00
14y |1.06 |1.33 (159 |1.86 [2.13 (230 |2.66 |292 [1275
14 (113 |1.41 |1.69 |1.97 |2.25 (258 (281 |8.09 |13.50
1% 119 |1.48 [1.78 |2.08 [2.88 (2.67 (297 |827 [14.25
11 125 |1.56 [1.88 219 [250 (281 (318 |8.44 [15.00
18 |1.31 |1.64 [1.97 |2.30 [2.68 |295 |828 {861 [1675
13 (1.8 |1.72 |2.06 [241 (275 (8.0 |344 |3.78 |1650
17 (144 |1.80 216 [252 [2.88 (328 /859 395 [17.%
17 (150 [1.88 (225 [2.63 [3.00 338 (375 |4.13 [18.00
19 |156 |1.95 (234 (273 (313 |852 (391 [430 [187
13 |1.63 |2.03 [244 [2.84 (325 |3.66 |4.06 |4.47 [19.50
134 |1.69 [2.11 (253 [2.95 (8.8 |880 |4.22 |4.64 |20
14 |17 [2.19 [2.63 (3.06 [350 394 438 |481 [21.00 |
113 |181 |227 |272 (347 |9.63 |4.08 (453 [498 |21.7%
17 |188 |2.34 |281 |328 |375 [4.22 [4.60 |5.16 |22.50
118 |1.94 |242 (291 |8.39 |3.88 [4.36 4.8 |5.33 | 2825
2 [200 250 3.00 (850 |4.00 |450 |5.00 550 |24.00

I
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CARNEGIE, PHIPPS & CO., LIMITED

R e

AREAS OF FLAT ROLLED IRON.

(CONTINUED.)

T 52 1 Ol l
m 3" | 314" 3 %n[ 8y 4 |41 4" 4¥
5 88| 208| 219| .284| 250| 266, .281| .297
i B75| 406| 438 | 469| 500| .531| .563| .594
J | 563| 609| .656| 703| 750| 7o7| 844| 891
4 750 | 813 | 875 | .988(1.00 |1.06 |1.13 |1.19
i 038 (1.02 [1.09 |1.17 (125 [1.83 |141 |148
g (143 |12 |1.31 (141 |1.60 {159 [1.69 |1.78
vy 1381 |142 |153 (164 |1.75 |1.86 |1.97 |2.08
i [1560 |1.68 |1.75 [1.88 [2.00 {213 [225 |R.38
Ty (169 |1.83 [197 |2.11 |225 (239 (253 |2.67
s [1.83 |2.03 |2.19 (234 [2.50 [2.66 [R81 |2.97
{4 |R.06 |223 |241 |R58 |75 |2.92 |8.08 |87
3 |RRB |2 263 (281 |3.00 |8.19 338 |3.56
13 (244 |264 [284 |3.06 |8.25 (845 |3.66 |3.86
4 |2.63 |284 |8.06 (328 |850 |8.72 |3.04 |4.16
13 [281 |8.05 (828 |352 |37 (398 (422 (445
1 3.00 |825 |350 [875 |4.00 (425 (450 [4.75
17 [819 [845 |872 1898 495 [452 (478 |5.05
14 |338 |3.66 894 [422 |450 (478 |5.06 |b5.34
14 |3.66 |3.86 (416 |445 (4756 | 5.05 |5.34 |5.64
14 |875 [4.06 (438 |4.60 |5.00 531 |5.63 |5.94
15 (394 (427 |459 (492 (625 (658 (591 |6.23
1 418 (447 |481 |516 |550 |584 [6.19 |6.58
HEV 431 1467 |5.08 |539 |575 |6.11 |647 |6.83
11 |450 |48 |525 |b.63 6.00 [6.38 (675 |7.13
14 469 (508 |547 (586 [6.25 |6.64 (7.08 |7.42
17 488 |528 |5.69 |6.09 (650 (691 (781 |7.72
1} 5.06 |b48 |591 |6.33 675 |7.17 |7.59 |8.02
14 |[b25 |5.60 |6.13 |6.56 [7.00 {744 |7.88 [8.51
113 [544 (589 |634 680 [7.25 770 [8.16 |8.61
17 |5.63 (6.09 |656 |7.08 |7.60 [7.97 |844 |81
113 (581 |630 |6.78 (727 (7.75 (823 [8.72 |90.20
2 6.00 (650 |7.00 |7.50 [8.00 |850 |9.00 |9.50
i I

M———




CARNEGIE, PHIPPS & CO., LIMITED.

AREAS OF FLAT ROLLED IRON.

(CONTINUED. )

mli Bﬂ' 5%!’ 5%” 5%" 8”’ e%" 6}4" e%ﬂ 12]’1‘
P 350 7| 301 408 a2 70

625 656 .688 719 750 701 813 844| 150

938 984 1.08 | 1.08 | 113 | 1.7 | 122 | 127 | 225

195 | 131 |18 | 144 | 150 | 1.56 | 1.63 [ 1.69 | 8.00

P | 156|164 | 172 | 180 | 188 | 1.95 [ 208 | 211 | 875

188 | 1.97 | 2.08 | 2.16 | 225 | 2.34 | 2.44 | 253 | 450

,!, 219 | 230 | 241 | 252 [ 2163 | 273 | 284 | 295 | 625

T | 250 | 263 | 275 | 288 | 3.00 | 313 | 825 | 838 | 6.00

S |28t | 295|809 | 328|338 | 852|366 880 | 675

% | 818|328 844 | 350 | 875 | 391 | 4.08 | 422 | 750

13 |844 | 361|878 | 395 | 413 | 430 | 447 | 464 | 825

3 | 875|894 | 413 | 431 | 450 | 460 | 488 | 5.06 | 9.00

13 | 406 | 427 | 447 | 467 | 488 | 5.08 | 528 | 548 | 975

T | 438 | 459 | 481 | 5.03 | 5.25 | 547 | 5.69 | 591 | 1050

15 (469|492 | 516 | 539 | 563 | 586 | 6.09 | 6.33 | 11.25

1" 500 | 525 | 550 | 575 | 600 | 625 | 650 | 675 | 1200
17 | 531 | 558 | 584 | 611 | 6.38 | 6.64 | 691 [ 7.47 | 1275
1 !L 563 | 591 | 619 | 647 | 675 | 7.08 | 731 | 7.59 [ 1350
15 | 594 | 623 [ 653 | 683 | 713 | 7.42 | 772 | 8.02 | 1425
17 | 625 | 656|688 | 7.19 | 750 | 7.81 | 813 | 8.44 | 15.00
15, |656 | 689 | 722 | 755 7.88 | 820 | 853 | 886 | 1575
17 |688 (722|756 | 791 | 825 | 859 | 8.94 | 9.28 [ 1630
i | 719 | 755 | 7.91 | 827 | 863 | 898 | 934 | 970 | 1725
1 | 750 | 788 | 825 | 863 | 9.00 | 9.38 | 975 |10.13 | 18:00
15 | 781|820 |850 | 898 | 9.38 | 977 |10.16 1055 | 1875
17 | 813|853 894 | 934 | 975 (1016 |1056 |10.97 | 1950
111 | 844 | 886 | 9.28 | 970 1013 1055 |10.97 (1139 | 2025
13 | 875919 | 9.63 [10.06 1050 [10.94 |11.38 |11581 | 21.00
135 [ 9.06 | 952 [ 9.97 1042 [10.88 [11.83 |11.78 |12.28 | 2175
17 |98 | 98¢ 1031 1078 |1125 [1172 12119 |12.66 | 2250
113 | 969 1017 1066 [11.14 (11,63 1211 1250 1308 [2325
2" 110,00 '1050 '11.00 1150 12,00 |12.50 |13.00 l13.50 24.00
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CARNEGIE, PHIPFPS & CO,, LIMITED.

AREAS OF FLAT ROLLED IRON.

(CONTINUED, )

|
?m 7” 7%” 7%” 7%;‘-‘ BH 8%”-8%.”]84!! 124!
A | 438l 453 .460| .4s4| 00| 16 53| B47| 7HG
875 906 .038 .969| 1.00 | 1.03 | 1.06 | 1.09 | 150
131 | 1.6 | 141 | 1.45 | 150 | 155 | 150 | 1.64 | 2.25
Y |17 | 181|188 | 194 | 200 | 2.06 [ 213 | 219 | 8.00
B 1919 | 297|234 [242 | 250 | 258|266 | 273 | 87
263 | 272 | 2581 | 2:91 | 3.00 | 8.09 | 3.9 | 828 | 4.50
,g, 306 | 317 | 328 [ 3:89 | 8550 | 3.61 | 372 | 383 | 525
Y | 350 | 363|875 (888 | 4.00 | 413 | 425 | 438 | 600
S | 294|408 | 422 | 436|450 | 464 | 478 | 492 | 675
t | 438 | 458 | 4.69 | 484 | 5.00 | 516 | 531 | 5.47 | 750
13 |48t | 498|516 | 533 | 550 | 5.67 | 584 | 6.02 | 825
% |52 | 544 | 563 | 581 | 6.00 | 619 | 6.38 | 6.56 | 9.00
13 | 569 580 | 609|630 650 | 670 | 691 | 741 | 9.75
7 | 613 | 634 | 656 | 6.78 | 7.00 | 7.22 | 7.44 | 7.66 | 10.50
13 | 656|680 (703|727 | 750 | 778 | 797 | 820 | 113
1" | 700 | 725 | 750 | 7.75 | 8.00 | 825 | 850 | 875 | 12:00
19 | 744 | 770 | 7.97 [ 8.23 | 850 | 877 | 9.08 | 9.80 | 1275
17 | 788|816 |844 |872 | 9.00 | 928 | 9556 | 9.84 | 1850
14 |83t |86t | 891 | 920 | 950 | 9.80 [10.09 [10.39 | 1425
17 | 875 | 9.06 | 9.38 | 9.69 10,00 (1031 (10.63 [10.94 | 15.00
15 | 919 [ 952|984 ho7 (1050 |1088 |11.46 1148 | 1575
13 | 968 [ 997 10,81 |10.66 [11.00 [11.34 |11.69 (1208 | 16,50
11%, 10.06 |10.42 1078 |11.14 [1150 |11.86 [12.22 1258 | 17.25
17 11050 1088 1125 (1163 [12.00 I12.33 12.75 113.13 | 18.00
18 (1094 [11.33 1172 /1241 [1250 (1289 ,lms 13.67 | 1875
15 1138 [1178 12119 /12,50 [13.00 1341 (1381 1422 | 19.50
13 (1181 [1228 1206 1308 1350 (13.92 1434 1477 | 2025
17 12225 (12,69 13.13 [13.56 |14.00 |14.44 |14.88 /1531 | 21.00
133 (1269 |13.14 1359 (14.05 |14.50 |14.95 (15.41 1586 | 21.75
17 1318 13559 14.06 [14553 |15.00 [15.47 [15.94 (1641 | 2250
153 (1356 [14.05 1458 [15.02 |15.50 |15.98 |16.47 |16.95 | 2325
2" 114.00 |14.50 Ilﬁ.oo 1550 [16.00 (16.50 Iﬂm 17.50 | 2410
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CARNEGIE, PHIPPS & CO., LIMITED.

AREAS OF FLAT ROLLED IRON.

(CONTINUED.)

5g

ik emitewide wifendh gt Eﬁ

i
e

(=Y

P ek
CHpe s

o’

B0 e ek s s ek ek e e ek ek

sﬂ sy!F 9%”! 9§£Hi 10” ;10*”![10*”!10!”
| |

1 = | |

| 563 57B| 54 609 625 B4t 666 7
[ 148 | 116 | 119 | 122 | 125 | 128 | 1.81 | 1.34
169 | 173 | 178 | 183 | 188 | 192 | 107 | 2.02
295 | 231 is.ss 244 | 250 | 256 | 263 | 260
(281 | 280 | 297 | 805 | 3.3 | 320 | 338 336
| 338 | 347 | 330 | 8.6 | 375 | 384 | 304 | 403
1304 | 405 | 416 | 427 | 438 | 448 | 459 | 470
(450 | 463 | 475 | 488 | 500 513 525 538
506 | 520 | 534 | 548 | 583 | 577 | 59t | 605
563 | 578 | 594 | 600 | 625 | 641 | 656 | 672
649 | 636 | 653 | 670 638 | 7.05 | 732 | 7.9
675 | 694 | 7.3 | 731 | 750 | 7.69 | 788 806
|73 | 762 | 772 | 7.92 | 848 | 8.33 | 853 | 873
788 | 800 | 831 | 853 | 875 [ 897 | 9.19 | 041
844 | 8.67 | 891 | 0.14 | 938 | 961 | 9.84 11008
9.00 | 925 | 950 | 9.75 10.00 1025 1050 10.75

| |

0.56 | 9.83 [10.09 10.36 |10.63 1089 /11.16 1142
1043 1041 1060 1097 1125 1153 [1181 12.09
10.69 1098 1128 1158 1188 1217 (1247 1277

11.25 [11.56 |11.88 12.19 |12.50 12.81 |13.13 ‘18:44

1181 1214 (1247 (1280 1313 |13.45 1378 |14.11
12,38 1272 [13.06 |19.41 1875 14.09 1444 1478
12.94 11330 [13.66 |14.02 14.98 1473 |15.09 /1545
1350 (1338 14.25 (1463 |15.00 1538 |15.75 16.13
14.06 (1445 1434 1523 [15.63 16.02 1641 16.80
463 1503 15.44 (1584 (1625 16,68 17.08 {747
15,19 /1561 (16.03 1645 1658 17.30 17.72 [18.14
15.75 11619 |16.63 |17.06 17.50 17.94 |18.38 1881

16,31 [16.77 (17.22 |17.67 |18.13 18.58 [10.03 |19.48

16.88 |17.34 |17.81 |18.28 (18.75 |19.22 |10.60 20.16

1744 [17.92 |18.41 18,89 (19.38 110.86 [20.34 20.83

18.00 |18.50 {19.00 [19.50 [20.00 i21!!.!.’:0 21.00 21.50
|
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CARNEGIE, PHIPPS & CO., LIMITED.

AREAS OF FLAT ROLLED IRON.

(CONTINUED. )

i =l = [2s |
o | 117/ L1y 1147 1137 127 12§ 124123

688 708 .719| .734] 750 .766' 781 797
138 | 141 | 1.44 | 1.47 | 1.60 | 1.563 | 1.66 | 1.59
2.06 | 211 | 2.16 | 220 | 2.25 | 2.30 | 2.34 | 2.39
275 | 281 | 2.88 | 294  3.00 | 3.06 | 3.13 | 3.19

844 | 352 | 359 | 3.67 875 | 3.83  3.91 | 3.98
413 | 422 | 431 | 441 | 450 | 4.59 | 4.69 | 4.78
481 | 492 | 5.03 | 5.14 | 525 | 5.36 | 547 | 558
550 | 5.63 | 5.7b | 5.88 | 6.00  6.13 | 625 | 6.38

6.19 | 6.33 | 647 | 6.61 | 6.75 | 6.80 | 7.03 | 7.17
6.88 | 7.03 | 719 | 7.34 | 7.50 | 7.66 | 7.81 | 7.97
7.56 | 7.73 | 7.91 | B.08 | 825 | 842 | 8.59 | 877
825 | 844 | 8063 | 881 | 9.00 | 9.19 | 9.38 | 9.56

8.94 | 9.14 | 9.34 | 955 | 9.75 | 9.95 10.16 |10.36
.84 110.06 10.28 10.50 (10.72 |10.94 [11.16
1031 (10.55 1078 [11.02 [11.25 1148 [11.72 1195
11.00 {11.25 {1150 11.75 |12.00 |12.25 (1250 [12.75

11.69 [11.95 {12.22 112.48 [12.75 |18.02 |13.28 (13.56
12,33 |12.66 |12.94 (13.22 13.50 13.78 |14.06 14.34
13.06 |13.36 {13.66 |13.95 [14.25 |14.55 |14.84 (15.14
13.75 |14.06 [14.38 [14.69 15.00 |15.31 |15.63 [15.94

14.44 1477 |15.09 1542 15.756 16.08 |16.41 16.73
15.18 |1547 115,81 1616 [16.50 |16.84 [17.19 [17.58
15,81 116.17 [16.583 |16.89 [17.25 [17.61 [17.97 118.33
16,50 16.88 |17.25 ,17.83 18.00 18.38 18.75 19.13

1719 1758 17.97 1836 1875 19.14 |:9.53 19.92
1828 18,69 [19.09 (1950 1091 2031 2072
18.56 (18.98 (19.41 19.83 20.25 2067 1.09 2152
1925 119.69 120.18 leo.as 21.00 2144 21588 2231
19.94 20.39 20.84 21.30 21.75 |22
20,63 21.09 2156 22.03 ‘2250 29,
91.31 21,80 2298 2977 19305 23
iazoo 9950 23.00 2350 124.00 24.

| | | )

e

o™ o
©
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Thus, to find the area of 152" > 75*/, ndd the aveas to be found in the same line for 31§ X 7§ and 12 X %

4+ 10,50 = 13.34 square inches.

The areas for 12° width are ropeated on each page to facilitats making the additions necessary to obtain the areas of plates wider

than 12",




CARNEGIE, PHIPFS & CO., LIMITHD.

STEEL.

WEIGHTS OF FLAT ROLLED STEEL.

PER LINEAL FOOT.

For thicknesses from ; m. to 2 m. and Widths from 1 m. to 123{ in,

'll':-l:;nh:! 17 1%;/ 13472 |13 7| 27 2%u Q1474 (937707 | 1977
638 | 797 | 957 | 1.41| 1.28| 144| 159| 1.75| 7.65

E} 850 |1.06 |1.28 | 1.49| 1.70| 1.91| 212 2.34|1020

F |1.06 |1.33 [159 | 1.86| 212| 239| 285| 292 (127

128 [1.59 (192 | 223| 255| 2.87| 3.19| 8.5115.30

Te 1149 |1.86 [223 | 260 298| 8.35| 372 | 4.09(17.85

3 |170 |212 |255 | 298| 340| 383 | 425| 4567|2040

J (192 (239 (287 | 3.85| 3.83| 4.30| 478/ 5262295

212 (285 (319 | 3.72| 425| 478| 531 | 5814|2550

ﬁ 234 (292 |851 | 4.00| 4,67| 526 5:84| 643 |28.05

255 |8.19 |3.83 | 447| 510| 575 6.38| 7.02|30.60

13 |276 |345 |414 | 484 | 553| 6.21| 6.90( 7.60|83.15

7% (298 |3.72 |447 | 520| 595| 6.69| 7.44| 8188570

13 1819 (399 (478 | 558| 638 7.18| 7.97| 8773825

1 340 |425 |5.10 | 595| 680 7.65| 850 9.35|40.80
175 (861 (452 |542 | 6.32| 7.22| 813 | 9.03| 9.93 (4335
1 ;2 383 478 |574 | 670| 7.65| 861 957 (1052 |45.90
17 |4.04 (506 [6.06 | 7.07| 808| 9.0910.10|11.11 | 4845
1% 425 (581 (638 | 744 | 850 | 9.57|10.63 | 11.69 | 51.00
15 |446 (558 |6.60 | 7.81| 8.93|10.04 |11.18 | 1227 | 53.56
13% |467 (584 |7.02 | 818| 9.85(10.52 | 11.69 | 12,85 | 56.10
17 (489 |611 |7.84 | 856| 9.78|11.00 [12.22 | 13.44 | 58.65
114 (510 [6.38 |7.65 | 8931020 |11.48 | 12.75 | 14.03 | 61.20
1% (532 (664 |7.97 | 9301063 |11.95|13.28 | 14.61 | 63.75
13 |552 (690 |829 | 9.67|11.05|12.43 | 13.81 | 15.19 | 66.30
13} 574 |77 [8.61 [10.04 [11.47 1201 |14.34 | 15.78 | 68.85
1 595 |744 (893 (1042 (11.90|13.40 | 14.88 [ 16.37 | 7140
u/g 616 |7.70 | 9.24 |10.79 | 12.33 | 13.86 [ 15.40 | 16.95 | 73.65
176 |6.38 |7.97 | 957 |11.15|12.75 [14.34 | 15.94 | 17.53 | 76.50
113 659 (824 |9.88 [11.53|13.18|14.83 | 16.47 | 1812 | 79.05
2 6.80 {850 |10.20 |11.90 | 13.60 | 15.30 | 17.00 | 18.70 | 81.60
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CARNEGIE, PHIPPS & CO., LIMITED,

BTEEL.

WEIGHTS OF FLAT ROLLED STEEL.

PER LINEAL FOOT.
(CONTINUED.)

s-ff sx;.f s%ff 3%‘!{ 477 ‘%“‘ 4%!)

m i ek

O s i

191 2.07| 228| 239| 255| 271 | 287
2556 276| 208| 3.19| 3.40| 3.61| 3.8

319| 345 3.72| 399 425| 452| 478
383 | 415 447| 478| 510| 542 | 574
446 | 483 | 520| 558 595| 632 6.70
510 | 558 | 5.95| 6.38| 6.80( 7.22| 7.65

674| 622| 670 77| 7.65| 813 | 861}
6.38| 6.91| 744 | 7.97| B50| 9.03| 957
7.02| 7.60| 818| 876 9.35| 9.93 [ 10.52
7.65| 820 803| 9.57|10.20 [10.84 [ 11.48

820 | 8.98| 0.67|10.36 | 11.05 | 11.74 | 12.43
898 | 0.67 |10.41 | 11.16 | 11.90 | 12,65 | 13.39
9.57 [ 10,36 | 11.16 | 11.95 | 12.75 | 13.55 | 14.34
10.20 | 11.05 | 11.90 | 12.75 | 13.60 | 14.45 | 1530

10.84 | 11,74 | 12,65 | 13.55 | 14.45 | 15.35 | 16.26
11,48 | 12,43 | 13.39 | 14.34 | 15,30 | 16.26 | 17.22
12.12 [ 13.12 | 14,13 | 15,14 [ 16,15 | 17.16 | 1817
12,75 | 13.81 | 14.87 | 15.94 | 17,00 | 18.06 | 19.13

13.39 | 14.50 | 15,62 | 16.74 | 17.85 | 18.96 | 20.08
14.03 | 15.20 | 16,36 [ 17.53 | 18.70 | 19.87 [ 21.04

15.30 | 16,58 | 17,85 | 19.13 | 20.40 | 21,68 | 22.95

1594 | 17.27 | 18.60 | 19.92 | 21.25 | 22,58 | 23.91
16.58 | 17.96 | 19.34 [ 20,72 | 22.10 | 23.48 | 24.87
17.22 | 18.65 | 20.08 | 21.51 | 22.95 | 24.38 | 25.82
17,85 | 19.34 | 20.83 | 22,32 | 23.80 | 25.29.| 26.78

1849 | 20,03 | 21,57 | 28,11 | 24.65 | 26.19 (27.73
19.13 | 20.72 | 22.31 | 23.91 | 25,50 | 27.10 | 28,69
19.77 | 21.41 | 23,06 | 24.70 | 26.35 | 28,00 | 29.64
20.40 | 22,10 | 23.80 | 25.50 | 27.20 | 28.90 | 30.60

T —



CARNEGIE, PHIFPS & CO,, LIMITIED

STEEL.
WEIGHTS OF FLAT ROLLED STEEL.
PER LINEAL FOOT.
(CONTINUED. )

m b7 |5y 77 (63477 |b3g 77| 87 5%”13}4” 837/ | 1277

3.19| 335/ 351 | 3.67| 8.83( 399 4.14| 430| 7.65
4.25| 446 467 489 b510| 531 | b53| 5741020

558 | 584) 6.11| 6.38| 6.64| 690 | 717|127
638 6.69( 7.02| 7.34| 7.65| 7.97| 820| 8611530

~R Wi
o
&

vy | T44| 781| 818| 856 | 803 | 9.20| 9.67 [10.04 | 17.85
Y2 | 850| 893| 9.35| 9.77 [10.20 | 10.63 | 11.05 | 1148 | 20.40
> 0.57 | 10.04 | 10.52 | 11.00 | 11,48 | 11.95 | 12.43 | 12.91 | 22,95

10.63 | 11.16 | 11.69 | 12.22 | 12,75 | 13.28 | 13.81 | 14.34 | 25,50
12.27 | 12.85 | 13.44 | 14.08 [ 14.61 | 15.20 | 15,78 | 28.05

..._
S
e
=
S

3 | 1275|1939 | 14.03 | 14.67 | 15.30 | 15.94 | 1658 | 17.22 | 30,60
g/é 18.81 | 1450 | 15.19 | 15.88 | 1658 | 17.27 | 17.95 | 18.65 | 83.15
% | 1487|1562 | 1636 | 17.10 | 17.25 | 18.60 | 19.34 | 20.08 | 35.70
15| 1594 1674|1753 | 18.33 | 1913|1992 | 2072 | 21.51 | 825
1" | 17.00 | 17.85 | 1870 | 19.55 | 20.40 | 2125 | 2210 | 2295 | 40.80
10 | 18.06]18.96 | 19.87 | 2077 | 21.68 | 2258 | 23.48 | 2430 | 43.35
116 [19.13 | 20.08 | 21.04 | 21.99 | 22.95 | 23.91 | 24.87 | 25:82 | 45.90
17, | 2019 | 21.20 | 2221 | 2322 | 2428 | 25.23 | 26.24 | 27.95 | 4845
13 | 2125|2232 2338 | 24.44 | 25,50 | 26,56 | 27.62 | 2869 | 51,00
17 | 2292|2343 | 2454 | 25.66 | 2678 | 27.90 | 29.01 | 30.12 | 5355
154 |23:38 | 2454 | 2571 | 2638 | 28,05 | 2092 | 30.39 | 3156 | 56.10
17, | 2444 | 25,66 | 26.88 2810 | 20.33 | 30,55 | 31.77 | 32.99 | 58.65
1% | 2550 | 2678 | 28.05 | 20.33 | 30.60 | 31.88 | 33.15 | 34.43 | 61.20
15 | 2657 |27.89|29.22 | 30,55 | 31.88 | 33.20 | 94.53 | 3586 | 63.75
15¢ | 27.63|29.01 |30.39 | 31.77 | 3315 | 3453 | 35.91 | 37.29 | 66.30
111 | 2860 |80.12 | 3155 | 32.99 | 34.43 | 35.86 | 37.30 | 3873 | 68.85 \
13 2075 |31.24 | 82773 | 3422 | 3570 | 37.19 | 38.68 | 40.17 | 71.40 ‘
133 |3081 | 9235 | 33.89 | 35.43 | 36.98 | 3852 | 40.05 | 41.60 | 73.95
176 (3187|3347 | 35.06 | 36.65 | 38.25 | 39.85 | 4144 | 43.08 | 76.50
it (32943050 3628 | S8 | M50 | 41.17 | 252 | 4446 | 700
2" 3400 3570 | 37.40 | 3910 | 40.80 | 4250 | 4420




CARNEGIE, PHIPPS & CO,, LIMITED.

STEEL.

WEIGHTS OF FLAT ROLLED STEEL.
PER LINEAL FOOT.
(CONTINUED. )

?x r

?%H

?‘%H

8!!

8"

127

NE ORIRe W‘#\:-K;"EE

FRESF =BeF Tz

——

143
i
2“ |

a7.19
38,67
40.16
41.65

6.16

44.68
45.22

4612 | 4776
4760 | 49.30

4.78
6,36

97
9.57
11.16
127

14.34
15.4
17.63
19.13

20.72
22.32
2391
25.50

27.10
28,68
30.28
31.88

3348
35.06
36,66
38.26

30.84
4144
43.03
44.63

46.22
47.82
4041
51.00

4.94
6.58

823
9.83
1153
13.18

14.82
1647
18.12
19.7

2141
23.05
24.70
26.35

23.00

31.29
2.H

36.23
39.53

41.17
42.82
4447
46.12

47.76
49.40
51.05
52.70

5.10
6.80

850
10.20
11.90
13.60

15.30
17.00
18.70
20.40

42,50
44.20
45.90
47.60

40.30
51.00

65,20
7.0

49.09

| 50.84

52.60

52.70 | 54.35

54.40

| 56.10

45.16
46.96
48,76
50,58

52.38
54.20

l 56.00
57.80

7.65
10.

2562
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CARNEGIE, PHIPPS & 00, LIMITED.

STEEL.

WEIGHTS OF FLAT ROLLED STEEL.

PER LINEAL FOOT.

(CONTINUED.)

m 97 g%u 9%!} 9;{/; 1077 10}4”)10%”‘10}{” 1977
2 | 574| 590| 608 622| 638) 654| 670! 686/ 765
i | 765| 7.86| 808 829 850| 871| 892 9.14 1020
2 | 956| 9.83/10.10|1036 | 10.62 | 10.89 | 11.16 | 1142 | 1275
34 11481180 | 1212 | 1244 | 1275 [ 13.07 [ 1339 | 1371 | 1530
7 113401376 | 1414 | 1451 | 1488 | 15.25 | 15.62 | 15.99 | 17.8
1, 1580 | 15.73 | 16.16 | 16.58 | 17.00 | 17.42 | 17.85 | 1828 | 20.40
5 1722|1769 | 1818 | 18.65 | 10.14 | 19.61 | 20.08 | 20,56 | 22.95
;ﬁ 19.13 | 19.65 | 20.19 | 20.72 | 21,25 | 21.78 | 22.32 | 22.85 | 25,50
i1 |2104|21.62| 2221|2279 | 2398 | 23.96 | 24.54 | 25.13 | 2805
;} 22.96 | 23.59 | 24.23 | 24.86 | 25,50 | 26.14 | 26.78 | 27.42 | 30.60
11 | 2486 | 25,55 | 26.24 | 26.94 | 27.62 | 2832 | 20.00 | 20.60 | 33.15
;5 26,78 | 27.562 | 28.26 | 20.01 | 20.75 | 0.50 | 31.24 | $1.98 | 35.70
io |286920.49 3028 | 31.08 | 31.88 | 32.67 | 33.48 | 34.98 | 38.25
1" | 30,60 | 81.45 | 92.30 | 3315 | 8400 | 34.85 | 35.70 | 86.55 | 40.80
17 3252|9341 3432 | 3522 | 9612 | 97.08 | 3792 383 [ 4335
114 | 3443|3538 |36.34 | 37.20 | 33.95 | 89.21 | 40.17 | 41.12 | 45.90
15, | 3634 |37.35 | 88,36 | 39.87 | 40.38 | 41.39 | 42.40 | 43.40 | 4845
11/ |3826|30.31 | 40.37 | 41.44 [ 4250 | 43.56 | 44.63 | 45.69 | 51.00
15 |40.16|41.28 | 4240 | 4352 | 44,64 | 45.75 | 46.86 | 47.97 | 5355
15 | 4208|4325 | 4441 | 4558 | 4675 | 47.92 | 49.08 | 50.25 | 56.10
17, | 44.00 |45.22 | 46.44 | 47.66 | 48.88 | 50.10 | 51.32 | 5254 | 58.65
135 | 4590 |47.18 | 4845 | 4973 | 51.00 | 5228 | 53.55 | 54.83 | 61.20
19 |47.82(49.14 |50.48 | 51.80 | 53.14 | 54.46 | 55.78 | 57.11 | 63.75
150 | 49.73 | 51.10 | 52.49 | 53.87 | 55:25 | 56.63 | 53.02 | 59.40 | 66.30
155 51.64 | 53,07 | 54.51 | 55.94 | 57.98 | 58.81 | 60.24 | 61.68 | 68.85
13 | 5356 | 55.04 | 56,53 | 53.01 | 59.50 | 60.99 | 62.48 | 63.97 | 71.40
113 | 5546 |57.00 (5854 | 60,00 | 81.62 | 63.17 | 64.70 | 66.24 | 73.95
17¢ |57.38 | 5897 | 60.56 | 62.16 | 6375 | 65.35 | 66.94 | 63.53 | 76.50
142 [59.20 | 60.94 | 6258 | 6423 | 65,88 | 67.52 | 69.18 | 70.83 | 79.05
2" | 6120 62.00 | 64,60 | 66.30 | 68.00 | 69.70 | 71.40 | 73.10 | 81.60
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CARNEGIE, PHIPPS & CO,, LIMITED.

WEIGHTS OF FLAT ROLLED STEEL.

STEEL.

PER LINEAL FOOT.
(CONTINUED.)

Thickness
in inches.

17 g7 3877030 77| 127 193¢ {1234 /13

702) TAT| 72| 749| 7.65| 7.82| 7.98| 813
9.34| 9.567| 9.78|10.00 | 10.20 | 10.42 | 10.63 | 10.84

11.68 | 11.95 | 12.22 | 12.49 (12,75 | 13,01 | 13.28 | 13.56
14.03 | 14.35 | 14.68 | 14.99 | 15.30 | 15.62 | 15.94 | 16.26
16.36 [ 16.74 | 17.12 [ 17.49 | 17.85 | 18.28 | 18,60 [ 18.97
18.70 | 19.13 | 19.55 | 19.97 | 20.40 | 20.82 | 21.25 | 21.67

21.02 | 21.51 | 22.00 | 22.48 | 22,95 | 23.43 | 23.90 | 24.39
23.38 | 28.91 | 24.44 | 24.97 | 25.50 | 26.03 | 26.56 | 27.09
25.70 | 26.30 | 26.88 | 27.47 | 28.05 | 28.64 | 20.22 | 29,80 |-
28.05 | 28.68 | 20.33 | 20.97 | 30.60 | 31.25 | 31.88 | 32,52

30.40 | 31,08 | 31.76 | 32.46 | 33.15 | 33.83 | 34.53 | 35.22
32,72 [ 83.47 | 84.21 | 34.95 | 35.70 | 86.44 | 87.19 | 87.93
85,06 | 95.86 | 86.66 | 37.46 | 38.25 | 89.05 | 30.84 | 40.64
8740 | 38.25 | 89.10 | 39.95 | 40.80 | 41.65 | 42.50 | 43.35

89.74 | 40.64 | 41.54 | 42,45 | 43.35 | 44.25 | 45.16 | 46,06
42,08 | 43.04 | 44.00 | 44.94 | 45.90 | 46.86 | 47.82 | 48.77
44.42 | 45.42 | 46,44 | 4745 | 4845 | 49.46 | 50.46 | 51.48
46.76 | 47.82 | 48.88 | 49.04 | 51.00 | 52,06 | 53.12 | 54.19

49.08 | 50.20 | 51.32 | 52.44 | 53.55 | 54.67 | 55.78 | 56.90
51.42 | 52.50 | 53.76 | 54.98 | 56.10 | 57.27 | 58.44 | 59.60
53.76 | 54.90 | 56.21 | 57.43 | 58.65 | 59.87 | 61.10 | 62.32
56,10 | 57.87 | 58.65 | 59.93 | 61.20 | 62.48 | 63.75 | 65.03

58.42 | 50,76 | 61,10 | 62.43 | 63.75 | 65.08 | 66.40 | 67.74
60.78 | 62,16 | 63.54 | 64.92 | 66,30 | 67.68 | 69.06 | 70.44
63.10 | 64.55 | 65.98 | 67.42 | 63.85 | 70.20 | 71.72 | 73.15
65.45 | 6693 | 68.43 | 69.92 | 71.40 | 72.90 | 74.38 | 75.87

67.80 | 60.33 | 70.86 | 72.41 | 73.95 | 75.48 | 77.03 | 78.57
70.12 | 71.72 | 73.31 | 74.90 | 76.50 | 78.09 | 70.60 | 81.28
7246 | 74.11 | 75.76 | 77.41 | 79.05 | 80.70 | 82.34 | 83.99

for 3gx 74 and 1274 ==

10 obtain the weights of plates

the additions
to be found in the same

to fcilitate making

The weights for 12" width are repeated on each page
weight of 154" >(74", add the weights

wider than 27, Thus to find the
1041 4 3570 = 46,11 Ibs.

X



CARNEGIE,PHIPPS & CO., LIMITED.

-

WEIGHTS AND AREAS OF
SQUARE & ROUND BARS OF WROUGHT IRON
And Circumferences of Round Bars.

One cubic foot weighing 480 1bs.

or Diameter
in Inches.

{12
ChmeTion  Slesker  Shetd

i
]

(=1

O

cfoteClons:

T
oen T T g e

Weight of Weight of Area of ér)u of lﬁ.rnugerm
Bar Bar Bar Bar of Bar
Ougloot long. | One Foot long, i.nli]imlm. in sq. inches, in inches,
.013 .010 0039 | .0031 | .1963
.052 .041 0156 | .0123 | .3927
117 .092 0352 | .0276 | .5890
208 .164 .0625 | .0491 7854
.326 .256 L0977 | .0767 | .9817
469 | .368 1406 | .1104 | 1.1781
638 | .501 1914 i 1503 | 1.3744
833 | .654 2500 | .1963 | 1.5708
1908 | 1023 3006 | 3068 196%s
1576 | 1287 | 4727 | 3712 | 21598
1.875 | 1.473 5625 | .4418 | 2.3562
2.201 | 1.728 8602 | .5185 | 2.5525
2.552 | 2. 76856 | .6013 | 2.7489
2.8030 | 2.301 .8789 | .6903 | 2.9452
8.333 | 2.618 | 1.0000 | .7854 | 3.1416
3763 | 2.955 | 1.1289 | .8866 | 3.3379
4219 | 3.313 | 1.2656 | .9940 | 8.5343
4701 | 3.692 | 1.4102 | 1.1075 | 3.7306
|
5.208 | 4.091 | 15625 1.2272 | 3.9270
5.742 | 4.510 | 1.7227 | 1.8530 | 4.1233
6.302 | 4.950 | 1.8008 @ 1.4849 | 4.3197
6.888 | 5.410 | 2.0864 | 1.6230 | 4.5160
|
7.500 | 5.890 | 2.2500 | 1.7671 | 4.7124
8.138 | 6.392 | 2.4414 | 1.9175 | 4.9087
8.802 | 6.913 | 2.6408 | 2.0739 | 5.1051
9.492 | 7.455 | 2.8477 ' 2.2365 | 5.3014
- 10.21 8.018 | 3.0825 | 2.4053 | 5.4978
1095 @ 8.601 | 3.2852 | 2.5802 | 5.6941
1172 | 9.204 | 3.5156 | 2.7612 | 5.8905
12.51 | 9.828 | 3.7539 | 2.9483 | 6.0868
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CARNEGIE, PHIPPS'& CO., LIMITED.

} SQUARE AND ROUND BARS.

(CONTINUED. )

| Thickness ‘ Weight of Weight of Area of Area of Cirenmfarenca
or Diametar [ | Bar O Bar [] Bar O Bar | of O Bar
in Inches, I Ono Foot long, | One Foot long, | in sq. inches, | in sq. inches, in inches.
| .

2 | 13.33 | 1047 | 4.0000 3.1416| 6.2832
% | 1418 | 1114 | 4.2539| 3.3410| 6.4795
Y | 1505 | 1182 | 4.5156| 3.5466| 6.6759
& ‘ 1595 | 12.563 | 47852 3.7583| 6.8722
y

1688 | 13.25 | 5.0625| 3.9761| 7.0686
17.83 | 14.00 | 53477 4.2000| 7.2649
’ | 1880 | 1477 | 5.6408| 4.4301| 7.4613
. | 1980 | 1555 | 5.9414| 4.6664| 7.6576

I [ [
} | 2083 | 16.36 | 62500 4.0087| 7.8540
4 | 2189 | 1719 | e65664| 5.1572| 8.0503
¢ | 22097 | 1804 | 68906  5.4119| 8.2487
11 | 2408 | 1891 | 7.2227| 5.6727| 8.4430
f : | 2521 | 19.80 | 7.5625| 5.9308| 8.6394
| {3 | 2637 | 20771 | 7.9102| 6.2126| 8.8357
7 | 27.55 | 21.64 | 826568 6.4918| 9.0321
1t | 2876 | 22,59 | 8.6289| 6.7771| 9.2284
3 | 3000 | 2356 | 9.0000 7.0886| 9.4248
s | 3128 | 2455 | 9.3789 7.3662| 9.6211
Y | 32555 | 25.57 | 9.7656 7.6699| 9.8175
& | 3387 | 2660 |10.160 | 7.9798|10.014
1 | 8521 | 27.65 |10.563 | 8.2058| 10.210
4 | 3658 | 2873 |10.973 | 86179 | 10.407
¢ | 3797 | 2982 |11.391 | 8.9462|10.603
o | 3939 | 3094 |11:816 | 9.2808 | 10.799
} | 4083 | 3207 |12.250 | 9.6211 ] 10.996
S | 42330 | 3323 |12:691 | 9.9678 | 11.192
¢ | 43.80 | 3440 |13.141 |10.321 |11.388
1} | 4533 | 35.60 | 13598 |10.680 |11.585
46.88 | 36.82 |14.063 |11.045 |11.781
4845 | 38.05 |14.535 | 11.416 |11.977

50.056 389.31 | 15.018 | 11.793 | 12.174
51.68 40.69 | 15.504 |12.177 | 12.370

b s
e
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CARNEGIE, PHIPFS & CO., LIMITHED,

SQUARE AND ROUND BARS.

(CONTINUED.)

Thickness | Weight of Weight of Area of Area of Ciroumfarence ‘
or Diameter| [ | Bar O Bar [] Bar O Bar | of O Bar
in Inches, | One Foot long. | One Poot long, | in sq, inches, | in sq. inches, in inches.

4 53.33 | 41.89 | 16.000 | 12.568 | 12.566
Js | 5501 | 4321 | 16.504 | 12.962 | 12.763
+ | 5672 | 44.55 | 17.016 | 13.364 | 12.959
Js | 5845 | 4591 | 17.585 | 18.772 | 13.155
’ti 60.21 | 47.20 | 18.083 | 14.186 | 13.352

61.99 | 48.69 | 18.598 | 14.607 | 13.548
63.80 | 50.11 | 19.141 | 15.033 | 13.744
65.64 | 51.55 | 19.601 | 15466 | 13.941
67.50 | 53.01 | 20.250 | 15.904 | 14.137
69.39 | 54.50 | 20.816 | 16.349 | 14.334
+ | 71.30| 56.00 | 21.391 | 16.800 [ 14.530
i |r 73.24 | 57.52 | 21.973 | 17.257 | 14.726
$ | 7521 | 59.07 | 22.563 | 17.721 | 14.923
i} | 77.20| 60.63 | 23.160 | 18.190 | 15.119
1 | 79.22| 62.22 | 23.768 | 18.665 | 15.315
13 | 8126 63.82 | 24.379 | 19.147 | 15.512

5 83.33 | 65.45 | 25.000 | 19.635 | 15.708
4 | 85.43 | 67.10 | 25.629 | 20.129 | 15.904
} | 8755 €876 | 26.268 | 20.629 | 16.101

89.70 | 70.45 | 26.910 | 21.135 | 16.297

[
o

91.88 | 72.186 | 27.563 | 21.648 | 16.493
94.08 | 73.89 | 28.223 | 22.166 | 16.690
96.30 | 75.64 | 28.891 | 22.601 | 16.886
98.55 | 77.40 | 29.566 | 23.221 | 17.082

-4
e

é\ 100.8 79.19 | 30.250 | 23.768 | 17.279
1y | 103.1 81.00 | 30.941 | 24.301 | 17.475
§ 105.5 82.83 | 31.641 | 24.850 | 17.671
{4 | 1078 84.690 | 382.348 | 25.406 | 17.868
1 110.2 86.58 | 33.083 | 25.967 ( 18.084
1t | 1126 88.45 | 33.785 | 286.535 | 18.261
t 115.1 90.36 | 34.516 | 27.109 | 18.457

| 117.5 92.29 35.254 | 27.688 | 18.653

——
oxn

| |
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CARNEGIE, PHIFPS & 0O, LIMITED.

SQUARE AND ROUND BARS.

(CONTINUED. )

Thicknees |  Weight of Weight of Ares of Area of Oircumference
or Diameter| [ | Bar Q Bar [ Bar QO Bar | of O Bar
in Inches, | Ome Foot long. | One Foot long. | in sq. inches, | in sq. inches. in inches,

|

120.0 94.25 | 36.000 | 28.274 | 18.850
122.56 96.22 | 36.754 | 28.866 | 19.046
125.1 98.22 | 37.516 | 29.465 | 19.242
127.6 | 100.2 38.285 | 30.069 | 19.439

130.2 | 102.3 | 89.083 | 30.680 | 19.835
132.8 | 1043 | 39.848 | 31.206 | 19.831
135.5 | 108.4 40.641 | 31.919 | 20.028
138.1 | 1085 | 41.441  32.548 | 20.224

140.8 | 110.8 42,250 1 33.183 | 20.420
143.6 | 112.7 43.086 | 33.824 | 20.617
{ 146.3 | 114.9 43.801 | 34.472 | 20.813
149.1 | 117.1 44.723 | 35.125 | 21.009

151.9 | 119.3 45.663 | 35.785 | 21.206
| 154.7 | 121.6 46,410 | 36.450 | 21.402
| 157.8 | 123.7 47.266 | 37.122 | 21.598
| 1604 | 126.0 48.129 | 37.800 | 21.795

163.3 | 128.3 49.000 | 38.485 | 21.991
166.3 | 130.8 40.879 | 39.1756 | 22.187
| 169.2 | 1329 50.766 | 39.871 | 22.384
| 172.2 | 135.2 51.660 | 40.574 | 22.580

| 176.2 | 187.8 52.5683 | 41.282 | 22.777
178.2 | 140.0 53.473 | 41.997 | 22.973
181.3 | 1424 54.391 | 42.718 | 23.169
1844 | 1448 55.316 | 43.445 | 23.366

187.5 | 147.3 56.250 | 44.179 | 23.562
190.6 | 149.7 57.101 | 44.918 | 23.758
193.8 | 152.2 58.141 | 45.664 | 23.955
197.0 | 154.7 59.098 | 46.415 | 24.151

200.2 | 157.2 60.083 | 47.173 | 24.347
203.5 | 159.8 81.035 | 47.937 | 24.544
206.7 | 1824 62.016 | 48.707 | 24.740
210.0 | 164.9 63.004 | 49.483 | 24.936

peore  Dhellean el Shewetd = s o LT s S ;}-«t—-‘;}-a
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CARNEGIH, PHIPPS & CO., LIMITHED.

SQUARE AND ROUND BARS.

(CONTINUED.)

Thickness l Weight of i Waeight of Area of Area of Ciroumferanca
or Dismeter, [ |Bar | (O Bar [] Bar QO Bur | of O Bar

in Inches, | One Foot long. | One Foot long. | in sq. inches. | in sq, inches, in inches.
8 213.3 167.6 64.000 | 50.265 | 25.133
% | 2187 | 1702 | 65.004 | 51.054 | 25.320
+ 220.1 172.8 66.016 | 51.849 | 25.525
15 223.5 175.56 67.035 | 52.649 | 25.722
226.9 178.2 68.063 | 53.456 | 25.918
' 230.3 180.9 69.008 | 54.269 | 26.114

3} 233.8 183.6 70.141 | 55.088 | 26.311
T3 237.3 186.4 71.191 | 55.914 | 26.507
i 240.8 189.2 72.250 | 56.745 | 26.704
5 244.4 191.9 73.316 | 57.583 | 28.900
3 248.0 l 194.8 74.391 | 58.426 | 27.096
1} 251.6 197.6 75.473 | 69.276 | 27.283
1 255.2 200.4 76.563 | 60.132 | 27.489
13 | 2589 | 203.3 | 77.660 | 60.994 | 27.685
i 262.6 208.2 78.766 | 61.862 | 27.882
13 266.3 209.1 79.879 | 62.737 | 28.078
9 270.0 212.1 81.000 | 63.617 | 28.274
s 273.8 215.0 82.129 | 64.504 | 28.471
% 277.8 218.0 83.268 | 65.397 | 28.6867
P 281.4 | 221.0 84.410 | 66.296 | 28.863

|
} 285.2 224.0 85.563 | 67.201 | 290.080
i 289.1 227.0 86.723 | 68.112 | 20.256
i 293.0 230.1 87.891 | 69.020 | 20.452
5 ! 2086.9 233.2 80.066 | 69.953 | 20.649
1 | 3008 @ 2383 | 90.250 | 70.882 | 29.845
T 304.8 2394 91.441 | 71.818 | 30.041
[ 308.8 242.5 92.641 | 72.760 | 30.238
it 312.8 245.7 93.848 | 73.708 £

ks 316.9 248.9 95.083 | 74.662 | 30.631
11 | 321.0 | 252.1 | 96.285 | 75.622 | 30.827
[ 325.1 256.3 97.516 | 76.5680 | 31.023
1 320.2 | 258.5 98.754 | 77.661 | 31.220
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CARNEGIRE,

, PHIPPS & CO,,

LIMITED

SQUARE AND ROUND BARS.

(CONTINUED. )

Thickness ’ Weight of Weight of Area of CiroumZerense
or Diametar| [ | Bar Q Bar (] Bar O Bar | of O Bar
in Inches. | Ono Foot long, | One Poot long. | in sq. inches, | in sq, inches. | in inches.

1
10 333.3 | 261.8 | 100.00 | 78.540| 31.416
1 337.6 | 265.1 | 101.25 | 79.525| 31.612
341.7 2684 | 102.52 | 80.516 | 31.809
346.0 271.7 | 103.79 | 81.513| 32.006
350.2 275.1 | 105.08 | 82.516 | 32.201
s 354.6 278.4 | 106.35 | 83.525 | 32.398
358.8 281.8 | 107.64 | 84.541| 32.594
,g, 363.1 285.2 | 108.94  85.562 | 32.790
i 367.5 288.6 | 110.25 86.500| 32.987
T 371.9 292.1 | 111.57 87.624| 33.183
H 376.3 205.56 | 112.80  88.664 | 33.379
I 380.7 209.0 | 114.22 ‘ 80.710 | 33.576
H 385.2 302.5 | 115.668 | 90.783 | 33.772
1 380.7 | 806.1 | 116.91  91.821 | 33.968
i 304.2 309.6 | 118.27 02.886 | 34.165
ik 398.8 313.2 | 119.63 ‘ 93.956 | 34.361
11 i 403.3 ‘ 316.8 | 121.00 | 95.033 | 34.558
r 407.9 820.4 | 122.38 | 96.116| 34.754
i 412.6 324.0 | 123.77 @ 97.205| 34.850
15 417.2 | 827.7 | 125.16 98.301| 35.147
]
| 4219 3313 | 126.58 = 00. 35.343
426.6 335.0 | 127.97 100.51 | 35.539
3 431.3 338.7 | 120.39 101.62 | 35.736
Ty 436.1 | 342.5 | 130.82 | 102.74 | 35.932
I
] 440.8 346.2 | 132.25 | 103.87 | 36.128
s 445.8 350.0 | 133.69 | 105.00 | 36.325
[ 450.6 353.8 | 135.14 108.14 | 36.521
i 455.3 | 357.6 | 136.60 | 107.28 | 36.717
5 460.2 ‘ 361.4 | 138.06 108.43 | 36.814
11 465.1 | 365.3 | 139.54 | 109.59 37.110
i 470.1 @ 369.2 | 141.02 | 110.75 | 37.306
1t 475.0 I 373.1 | 142.50 111.92 | 37.503
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CARNEGIE, PHIPPS & CO,, LIMITED.

WEIGHT OF RIVETS, and ROUND HEADED
BOLTS WITHOUT NUTS, PER 100.

Length from under head. One cubic foot weighing 480 Ibs.

I:Gllgﬂl. '}V.r.f " .l yn TN 17 ;1;/.-'.* 117
| 15, | 15 | £ | Dla. | Dia. | Dia. | Dia. | “Dia.
137 54| 126 | 215 | 287 | 431 | 653 | 915 | 128
15| 62| 139 | 287 | 818 | 478 | 707 | 984 | 133.
13| 69| 153 | 258 | 349 | 514 | 762 | 105, | 142.
27| 77166 | 279 | 379 | 556 | 816 | 112. | 150,
21| 85| 180 | 800 ' 41.0 | 598 | 871 | 119. | 150.
212 | 92| 104 | 22| 441 | 630 | 925 | 126. | 167.
2371100 [ 207 | 848 | 471 | 631 | 930 | 183. | 176.
8 | 108 | 221 | 864 | 502 | 723|103, | 140. | 184
84| 115 | 285 | 886 | 533 | 765 | 109, | 147. | 193.
815 | 123 | 248 | 407 | 564 | 807 | 114. | 154 | 201.
33| 131 | 262 | 428 | 594 | 848 | 120. | 161. | 210.
47| 188 | 275 | 450 | 625 | 89.0 | 125. | 167. | 218.
417 146 [ 289 | 471 | 656 | 932 | 181. | 174. | 227
414 | 154 | 803 | 492 | 68.6 | 9.4 | 196. | 181. | 236.
437 | 162 | 81.6 | 514 | 71.7 | 102. | 142. | 188. | 244.
b | 169 | 830 | b35 | 74.8 | 106. | 147. | 195. | 258.
517 | 177 | 844 | b56 | 77.8 | 110. | 153. | 202. | 261.
bi¢ | 184 | 8.7 | b57.7 | 80.9 | 114. | 158. | 209. | 270.
53| 192 | 871 | 59.9 | 84.0 | 118. | 163. | 216. | 278,
6 | 200 85| 60| 87.0 | 122 | 169. | 228. | 287.
6 | 25 | 412 | 663 | 932 | 131, | 180. | 236 | 304
7 1280|489 | 705 | 99.3 | 139. | 191. | 250. | 821,
73 | 24.6 | 466 | 748 | 106. | 147. | 202. | 264. | 838,
8 | 261|494 | 790 | 112, | 156, | 213. | 278 |855.
815 | 27.6 | 52.1 | 83.3 (118 | 164 | 228, | 292, | 7.
9 | 292 | 548 | 87.6 | 124, | 173. | 234. | 806. | 889.
915 | 80.7 | 57.6 | 91.8 | 180. | 181. | 245. | 819. | 406.
100 | 822 | 60.3 | 96.1 | 136. | 189. | 256. | 933. | 423
1015 | 83.8 | 63.0 | 101. | 142. | 198, | 267. | 347. | 440
11| 853 | 65.7 | 105. | 148. | 206. | 278. | 361. | 457
1135 | 868 | 685 | 109. | 155. | 214. | 289. | 875. | 474,
127 | 884 | 71.2 | 113. | 161. | 228. | 800. | 888. | 491.
Heads| 18| 57| 109 | 134 | 222 | 380 | 570 | 20
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CARNEGIE, PHIPPS & CO., LIMITED.

SIZES AND WEIGHTS OF HOT PRESSED
SQUARE NUTS.

The sises ars the nsnal manufactarers’, not the Franklin Institute Standard. Both weights and
suees are for the unfinished Nut. m‘wﬂhmmu.mﬂhahﬂ'qhng 80 [ha

o | e m-..,,n\..u.:lw B
| 15 | X % | .71 | 6800
PR AR
| . 4
7.7 7% | 124 | 1200
ﬁ 8.6 173 ﬁf 7% | L24 | 1170
i \ 11.8| & ¥ |1 1.41I 850
16.7| i 1 1.59 | 600
}2 17.7 },’Z f(: 1§ | 1.69 | 670
% | 228 g 5 | 1% | 197 | 440
% | 828 2| 3 | 1% |14 810
% | %08 3} 3 | 1% | 212 | 251
% 53. g % | 1% | 2.30 | 190
TR IL a3 % | 1% | 247 | 150
1 es. | % |1 1% | 247 | 146
1 od. | 7 | 1 2" | 2.83 | 108
1 | 108. 1 1 2 | 283 | o7
1§ | 187 1 | 2K | 818 | 73
1 | 145. | 1% | 14 | 2% | 818 | e9
1i¢ | 186. | 1% ‘ 14 | 2% | 864 | 54
135 | 247. | 1% | 13§ | 23 | 889 | 41
|
1% [ 39. | 14 | 1% | 8 |424| s13
1 400. | 14 | 155 | 8% | 460 | 248
1% | 800. | 1% | 1% 3¢ | 495 | 199
1% | 620. 1l | 1% | 3% | 530 | 162
2 (70| 1|2 |4 |566| 134
21 | 780. | 1% | 2% | 4 | 568 | 128
2, | 930. | 2 ‘ 2z | ay | 601 | 107
23 | 960. | 215 | 2% | ay | 601 | 104
21 |1130. ‘ 2y | 25 | 4i; 636 | 89
2% |1870. | 2% | 2% | 4% | 673, 7.3
s [1610. | 2 ‘ 3 |5 |701| ea2
3y |2110. | 3 | B | 778 | 47
3y |2780. | 3¢ | 35 | 6 | 849 | 38




CARNEGIE, PHIPPS & CO., LIMITED.

SIZES AND WEIGHTS OF HOT PRESSED
HEXAGON NUTS.

The sizes are the nsual manufacturers’, not the Franklin Institute Standard. Both weights and
sizes are for the unfinished Nut, !howdghumulmmd.mmhctwtmm 80 lbs,

| Weightof [ | %
et | TRONT | R | | B | it |
1.3 g 58 8000
}’f 2.4 i B . ,?g | 4170
fg 4.1 {[ % ;2 87 | 2410
i 6.8 § | £ i 7 | 1.01 | 1460
% | i % 77 1.01 | 1410
i | 98 % | 17 | 115 | 1020
< A 14.0 & 1 1.30 710
5 14.7 & 114 | 1.80 | 680
{g 191 ¥ % 1 | 144 | 520
5 | 229 e ¥ £ 1Y | 144 | 440
|
27.2 : 13; | 1.59 = 870
s | B % |18 |17 208
k|4 | &% | % | 1% | 188 | 238
7% | 80 11 1 15 | 1.88 108
1 57. L | 13 | 2.02 | 176
1 | 64. 7/:‘ 1% 1;.:/ 2.02 156
1§ | 96 | 1% | 2 231 | 104
117 | 134 1 1 2% | 2.60 76
1 3,35 180. 12 1%2? 9 ;% 2.89 56
1% |236. | 1 | 1% | 2% | 8.18 42
! |
1 800. | 17 | 1% | 8 3.486 33.4
1% [870. | 1 1% | 84 | 8.76 26.7
17; | 460. TR 2 8% | 4.04 215
2 450. 2 2 3% | 4.04 224
2)¢ |560. | 1% | 21 | 8% | 4.8 18.0
2! | 560. | 2 2 | 8% | 433 17.7
23 (680. | 3¢ | 2% | 4 4.62 14.7
21 | 810. 21y | ay | 491 | 128
23 | 980. ak | 23 | 4} 5.20 10.2
3 1150 3 43 | 5.48 8.7
31 [1340. 2$§ 8% | 6 5.77 7.5
31 1580. 31 | 5y | 6.08 6.3

tv\
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CARNEGIE, PHIFPS & CO., LIMITHD.

UPSET SCREW ENDS FOR ROUND AND

SQUARE BARS.
Standard Proportions of the Keystone Bridge Company.

Round or
Side of

EI” mvamemewn R

] &

R+ F

1%

ROUND BARS. SQUARE BARS.
T Excess of | . T Rt
et | Grow a | Tareads | e | R | LS, | g | BT
Sorew | Root of | per Inch. g S0 | Sorew | Root of | per Inch. | ha s
End, | Thread, No, | Bar End. | Thread. Ko, aver Bar.
g i Per Gen, | Tachos. | Inches. Por Cent.
34| 620 10 b4 | 87| .620 | 10 21
5% eof10 | 2t | %| m|9 | 8
%| w9 £ Lawls | 4
1" | 87| 8 | 48 |1 | 8| 8 | 17
1 | 8|8 | 25 |1g| o0 7 | 23
136 | 40| 7 | 8 |15z[1065| 7 | 3
13 (108 | 7 | 48 |13 |1160| 6 | 38
137 106 | 7 | 20 [1355[1160| 6 | 20
13 (1160 | 6 | % 134 1284 | 6 | 29
135 | 1160 | 6 | 19 1389 | bl | 4
136 (1284 | 6 | 80 |15 | 1889 b3 | 2
11¢ 1284 | 6 | 17 § 1490 | 5 | 24
15¢ | 1989 | 53¢ | 28 1% 16| 5 | 81
13 |1490 | 5 | 20 | 1% [166] 5 | 19
137 (1490 | 5 | 18 |2 [1m2| 45| 2
17 | 16156 | 5 | 26 |2 187 | 45| 8
2 1712 | 43| 80 | 21¢ | 187 | ag| 18
2 |[1m2| 43¢ | 20 |27 | 1962 | 415 | 24
21¢ | 1837 | 435 | 28 | 234 | 2087 | 414 | %0
2 | 1837 | 43¢ | 18 | 237 | 2087 | 43¢ | 20
217 [ 1962 | 43¢ | 26 |9y 21| 4 | 2
215 | 1962 | 415 | 17 % 2900 | 4 | 26
23 | 2087 | 43 | 2 |25 (2300 4 | 18
21 (2475 | 4 | 26 ? 94% | 4 | 28
21 (2475 | 4 | 18 29550 | 4 | 28
25 | 2900 4 | ,g 2550 | 4 | 20
o5¢ 900 | 4 | 17 |3 |26 | 8| 20
B |24m ) ¢ 2 [ A | u




CARNEGIE, PHIPPS & CO., LIMITED.

UPSET SCREW ENDS.

(CONTINUED.)

Dia, of ROUND BARS. SQUARE BARS.

Round or

Sido of | Dis. of | Dia. of Bacess of | pin.of | Din.of ok

Square mﬂwt S“M“'!t 'lh:mudl Lm;; Upest | Screw at | Threads m:

s | of | per ook gy g | Screw | Root of | per Taeh. qeryy pug
. | Thread, e | End. | Thread, [© Fo.  [TFe Y

Inches. | Inches. | Inches. o cont: | Tnches. | Inches. it

3!.5!2.754 81 | 18

o1 |27 2650 | 4 | 28

o5 |27 | 2550 | 4 | 2 |31 | 289 83 | 22
93¢ |3 |2620| 81| 28 | 33 |8004| 8¢ | 26
o | 81g |2ma| 3| 28 | 335|004 | 81| 19
91 | 81¢ [ 2754 | 8 | 21 | 3% |3.100| 8| 21
o4 | 3% | 2879 | 81z | 26 |35 35| 37| 2
9s; | 817 |28 | 8% | 20 |35 |82 | 8% | 19
S | 35 | Soos | stg | @5 | %8| 3° | 20

93, | 335 [ s004 | 8% | 19 | 8% |sa2| 8
214 s}é 3100 | 3z | 22 | 3% | %42 | 3
o7 | 856 |3295| 3| 26 |4 |ss67| 8
2 |35¢ |s25 | 814 | 20 |4 362 3 | A
s |3y |sstr| 3 | = |4 36| 3
3 | 3% |sme| 3 | ot |43 %8s 2
gy, |4 |sber| 3 | 20 |4y |4aes| 23| 2
s3c |41¢ | 3602 | 8 | 20 |45 |4153| 2% | 19

s1g |41 |3m8 | 2% | 18
35 | 436 | 4028 | 2% | 23 | Erpati
93, | 456 | 4158 | 23 | 28

87 |43 | 4285 | 2% | 2 ; |

\ -

REMARES. — As upsetting reduces the stremgth of irom, bars
having the same diameter at root of thread as that of the bar, in-
variably break in the screw end, when tested to destruction, without
developing the full strength of the bar. It is therefore necessary to
make up for this loss in strength by an excess of metal in the upset
screw ends over that in the har,

The above table is the result of numerous tests on finished bars
‘made at the Keystone Bridge Company’s Works in Pittsburgh, and gives
{Aoropurtlons that will cause the bar to bresk in the body in preference

the upset end.

The screw thireads in above table are the Franklin Institute standard.

To make one upset end for 5/ length of thread allow 6" length of
rod additional.
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CARNEGIE, PHIPPE & CO., LIMITED.

STANDARD SCREW THREADS, NUTS AND
BOLT HEADS.—Reommended by the Franklin Institafe.

SCREW THREADS.

Anglo of Thread 60°, Flat at Topand Bottome= 3¢ ofpiteh.

Nutsand Bolt Heads
are determined by the fol-
lowing rules, which apply to
Square and Hexagon Nuts
both :

Short diameter of rough nut
=134 x din, of bolt 4 34 in.

Dia. of Dia. at Root | Threads |Shertdinmeterof finished nut
Serew, of Thread. | per Inch, | =1} dia.ofbolt +1-16in.
Inches. Inches, | No. Thickness of rough nut
= diameter of bolt.
% :%23 ! %g Thickness of finished nut
IE 204 ' 18 = diamoter of bolt—1-18 in.
344 | Short diameter of rough head
2 400 :; =114 X dia.of bolt + 14in.
‘454 12 Short dia. of finished head
g 'E 07 11 =114 ¥ dia, of bolt +1-16 in.
820 10 Thickness of rough head
ﬁ J31 f+] == 14 short din, of head.
Thickness of finished head
i}g’ :& g == dia. of bolt —1-16 in.
14 1.086 7 The long diameter of a
13§ 1.180 8 hexagon nut may be obtalned
by multiplying the short
};2 %% g% dinmeter by 1165, and the
1% 1.490 5 long diameter of a square
1:;2 1.615 5 nut by multiplying the short
[ diameter by 1.414.
2 1.712 417
2y 1.962 4% The above standards for
screw threads, nuts and bolt
gg E'Eg : heads, wore recommended by
- the Franklin Institute in
d 2.629 8% |Deo.1884. The standard for
gi’é ggg gﬁ screw threads has been very
3 generally adopted in the
3% 3.317 3 United States, but the pro-
4 3.6687 3 portions recommended for
:ﬁ izggg g;/é nuts and bolt heads have not
found genoral acceptance be-
A 4.2556 2 enugo of the odd sizes of bar
5 4.480 215  |—not usually rolled by the
G | 0ee | By T
o 8 nat.
63 5.203 23z
(<] 5.423 24




CARNEGIE, PHIPPS & CO,, LIMITED,

WHITWORTH'S STANDARD ANGULAR
SCREW THREADS.

Angle of thread §5°.
Depth of thread = pitch
of screw.
14 of depth is rounded off
top and bottom.
Number of threads to the inch in square threads = }4 the num-
ber in angular threads.

Dis. of | Threadsto| Din of |Threadsto]| Dis of |Threadsto| Dia of |Thresdsts
m-. m‘i:.u h{;r. mﬂ"" s?: u.'i:a. !ﬂ[:-'. the inch.
%008 | e |7 | | e |2
ﬁ 16 1y 7 2}%’5 4 45‘ 2§
£ 1 | 1% |6 2y | 3 | 45 23/
Al RIELE b | ¥ | | B

A ;
10 1 bl 3 3 by 2
3’2 9 1;{5 414 sif' s”( 53'? 2§
6 214

STANDARD SLEEVE NUTS.

As manufactured by the Keystono Bridge Company.
__ SOREW. SLEEVE KUT. SOREW. SLERVE NUT.
il 4 ¢ 1 55 £
{1 (%530 g in 2 (%50 5 05 2
1 4 |21 6| 42]2 b5 (21(3y |1 8 |148
1%42%1;?}34.&23‘258%3}}22% 9198
1] 4 |2% |1 |1 6| 48]2£| 5|8 |8 9 1200
1?;48}41%1:::7 &02/52’/,’8§§::: 9 |227
1221 4 |13 |2:4{15 | 7| 66|23 | 6|2} |37 |2 9 (252
1%42%2}}(‘1” T ?£2§GSA4§2:::1029.8
1 4 |21 |21211 719013 6(3 |4y |2 10 | 305
1?{153%2;51;2810.58% 02%4§2§ 10 | 3438
2 | 5|8 25133 8 |114|8x | 6 |23 |456[27¢| 10 |39.2
8}452}435(1%813.583268%4;?8% 11 1410
81| 618 |5 [814] 11856

All dimensions are in inches, Weights are for finished nuts.
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CARNEGIE, PHIPPS & CO., LIMITED. -

STANDARD PIN-NUTS.
As manufactured by the Keystone Bridge Co.

PINS, PIN-NUTS. PINS, PIN-NUTS,
EHEN EE I IR E B e T
I E PRI BRI LR ERE:
bt e SRR FREH e B E
1% (1| 8 |21 [256| 7% [085]8% (3| 6|5 |53 |1x |47
216|134 | 8224 |27% | $1|1.08]4% (84| 6 |524 (634 (1 | 6.19
2i (156 8 224|276 |1 |097)434 (324 | 6 |54 |636 |1 | 619
234 (13| 8 (3 (3% (1 |1.60)456|33| 6|52 |63 (1% | 537
24017 8|8 [8% |1 [137]4z|4 | 6|6 |61ty |663
256l2 | 8 (8144 |1 [206)534(4 |6(6 |613[14]663
23|24 8835 |4 (1 |196]534(4)4| 6|6 |[615|1 |68
7% |24 | 8|4 |45 |1} 338556 (4| 6 634|718 |14 | 853
3 234 8|4 |[456|1%4 (322057 (43| 6 |63 |713(14 | 759
836|234 | 8 |4X (476 {134 |3.63)62¢ 43| 6 |63 [733|1 | 7.5
8y 256 | 8 |43 4% |1 [341]634(|5 | 6|8 [9% |14 [13.06
836 |23¢| 6 414 5|14 [4.09) 656 |53 | 6 [8 |9% |14 [1488
81427 | 6 |43 |53 |134 |463)67 |525] 6 (8 (9% (114 14.00
35613 615 |53 |14 |52507%|563(] 6 (8 |94 |14 [13.10

All dimensions given above are in inches. Weights refer to untapped nuts,

WOOD SCREWS.

Diameter==number X 0.01325--0.056.

"oy | viaw, |'%o, | pism) | %o | Bism [we | Biam | Wo. | Dism.
0 | .056 6] 435 | 12 | 215 | 18 | 293 | 24 | 34

1| .069 71 149 | 13 | 228 | 19 | 308 | 25 | .387

2| .082 8| 162 | 14 | 241 | 20 | .21 | 26 | .401

3 096 9|1 A7 1 15| 2656 |21 | 884 27 | .14

4 | 109 | 10 | 183 | 16 | 268 | 22 | .347 | 28 | .:27

5 a2 | 11| 200 [ 17| 28t |23 | set| 2 | a0
80 | 458

269

— —




CARNEGIE, PHIPPS & CO., LIMITED.

SPIKES, NAILS AND TACKS.

STAKDARD STEEL WIRE NAILS,

%

Common.

Finishing,

STEEL WIRE SPIKES,

[COMMON IRON NAILS,

g | Diam. |No. per

1nches. [pound.

Diam. | No. per | papotp | Diam.

inches. | pound.

inches.

No.

pound,

pert Size,

Langs e

EXNE gRgy | S

177 1.0524 {1060
134771.0588 | 640

1247/|.0720 | 380
13

5077|0764 | 275

27 1.0808 | 210
214771 .0858 | 160
214770935 | 116
2377|0963 93

377 11082 77
31{771.1144| 60
815771285 | 48
47 |.1620| 81

41,77 1819| 22
577 |.R043| 17

51,7/| 2041 18] .
677 |.2676] 11].

0453 | 1558 (377 |.1620
0508 | 913314771819

.0508| 761477 |.2043
0571 500 |41577|.2294

1019 62].

0641 | 350577 |.2576
0641 | 315]53477| 2893
0720| 214677 |.2893
0720 | 195]62477|.2249

0808| 13777 |.249
0808 | 12787 |.3648
0907 901977 |.3648

4
30

.+ |30d

2d
3d
4d
5d

6d
7d
8d
2 9d
10d
12d
J5116d
. [20d

« |40d
. |50d
. | 60d

1//
13"
1477
el
2//
2%//
2}4//
23"
3//
314 77,
3 |2I/
4//
77
s
/17
b

800
400
300
200

150
120

TACKS.

in,

Length,

Title. | Length,

per pound. | oz in.

Number
per pound,

4| 7
5|
§|

4000
2666
2000
1600
1333

WROUGHT SPIKES.
Number to a keg of 150 lbs.

| 5-16 inch.

To.

No. | Is.

3-8 inoh.flength | 1-4 inch.

No. No.

5-16inch,

7-16inch-
No. No.

1208
1135
1064

930

868

O 00 ~3

.| 10
2 | 1
570 P12

.
. .
.
.

1161 | 662

635
b73

482 | 445
384
300
391 | 270
.. | R49
. .| 236

1-2inch

No.

306
256
240
2”2
203
180

270




WEIGHT OF SHEETS OF WROUGHT IRON,
STEEL, COPPER AND BRASS. (From Haswell.)
e Wotghh_ per Square Foot. Thickness by Birmingham Gauge.

Guigs | miehes | Ton | Suel [ Copper. | Brass

0000 | .454 | 18.22 | 1846 | 20.57 | 10.43
000 | .425 | 17.05 | 17.28 | 19.25 | 18.19
00 | .38 | 1525 | 1545 | 17.21 | 16.26
0 | 8¢ | 1364 | 1382 | 15640 | 14.55
A 12.04 | 1220 | 1359 | 12.84
2 | 284 | 1140 | 11.55 | 12.87 | 12.16
3 | 250 | 10.39 | 1053 | 1173 | 11.09
4 | 2388 | 955 | 9.68 | 1078 | 10.19
5 | 93 883 | 895 | 997 | 942
6 | 203 | 815 | 825 | 9.20 | 8.69
ol I 722 | 732 | 815 | 17.70
8 | 166 | 662 | 671 | 747 | 7.08
9 | 148 | 594 | 602 | 670 | 6.33
10 | 134 | 538 | 545 | 607 | 574
11 | a2 482 | 488 | 544 | 514
12 | .09 | 487 | 443 | 494 | 467
13 | 095 | 381 | 388 | 4380 | 407
14 | 083 | 333 | 337 | 378 | 3.55
15 | 072 | 289 | 293 | 328 | 308
16 | 085 | 261 | 264 | 204 | 278 |
17 | 058 | 233 | 238 | 263 | 248
18 | 040 | 197 | 199 | 2332 | 210
19 | 042 | 169 | 171 | 190 | 180
20 | 035 | 140 | 142 | 159 | 1.50
21 | 032 | 128 | 130 | 145 | 137
22 | 028 | 112 | 114 | 127 | 120
23 | 025 | 100 | 102 | 118 | 107
24 | .022 883 | .895 | 1.00 942
25 | .02 803 | .813| .08 | .856
26 | .018 722 | .782| 815 | 770
27 | .016 842 | 851 | 725 | 885
28 | .0l4 562 | 569 | 634 | .599
20 | .013 522 | 520 | 589 | .556
30 | 012 483 | 488 | 544 | 5l4
31 | .01 401 | 407 | 453 | 428
32 | .009 861 | .366| .08  .385
33 | .008 821 | .325| .362| .342
3¢ | .007 281 | .285| 317 | .300
8 | 006 | 201 | .208| .227| .214
Speco rarity, 7.704 | 7.808 | 8.698 | 8218
eight Oubic Foot, |481.25 |487.75 |543.8 |513.6
@ W Inch, 2787| “.2823/ .3148| .2972
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CARNEGIE, PHIPPS1& CO., LIMITED.
| WEIGHT OF SHEETS OF WROUGHT IRON,
STEEL, COPPER AND BRASS. (From Haswell.)
‘Weights per Sq. Foot. Thickness by American (Browne & Sharpe’s) Gauge.
Gaunge. | in inches. 1. . pper. rass,
.46 18.46 18.70 20.84 19.69
4006 | 186.44 16.66 18.56 17.63

0000
000

00 .3648 | 14.64 14.83 168.53 15.61
0 .3249 | 13.04 13.21 14.72 13.90
1
2
3
4
5
8
i
8
9

.2893 | 1l.61 11.76 13.11 12.38
.2676 | 10.34 10.48 11.87 11.03
.2204 9.21 9.33 10.39 .82

3.88

! ‘ 3.486

13 .0720 2.89 2.3 3.26 3.08
2.74

244

14 .0641 2.67 2.61 2.90

15 05671 2.20 2.32 2.569

16 .0508 2.04 2.07 2.30 2.18
17 .0453 1.82 1.84 2.05 1.94
18 i 1.62 1.64 1.83 1.73
19 .0359 144 1.46 1.63 1.54
20 .0320 1.28 1.30 145 1.37
21 .0285 1.14 1.16 1.29 1.22
22 0253 1.02 1.03 1.15 1.08
23 0226 .06 018 1.02 .66
24 .0201 .807 817 911 .860
25 .0179 718 728 811 .766
26 .0159 .640 .648 122 .682
27 .0142 .570 B77 .643 .608
28 0126 .607 .514 .573 541
29 0113 452 .458 510 482
30 0100 402 .408 454 429
31 .0089 .368 .363 404 382
32 .0080 .319 .323 .360 340
33 .0071 .284 .288 821 .303
34 .0083 .253 .256 .286 270
35 .0056 .225 .228 254 .240

ks there ere many gauges in use differing from each other, and even the thicknesses of a
certain specified ga:dge. 25 the Birmingham, are not assumed the same by all manufacturers,
orders for gheets and wire shonld always state the weight per square foot, or the thickness
in thousandths of an inch.




WROUGHT IRON WELDED STEAM, GAS AND WATER PIPE.
Table of Standard Dimensions, as manufactured by National Tube Works Company,

DIAMETER. - CIROUMPERENCE. TRANSVERSE AREAS. lﬂsﬁ “f Fipe per ho‘: uﬁ_
Jomical | Actul | Adual | mess | Extermal | Internal | Ectersal. | Internal | el m m TN
inches, | inches, inches. | inches. | inches inches, 5g.ins. J_l_;ﬂ.-_ | 8, ina. foel. Teet. | Toel
i A05 o 068 1.272 848 129 L0673 | 0717 944 | 1415 | 2518
K b4 364 | .088 1.606 1.144 229 041 JA249 | 7.075 | 1049 | 13833
I 675 A9%4 | .001 2.121 1.562 358 A017 | 1663 | 5,657 | 7.73 751.2
M 84 623 | 100 2,630 1.957 bod S048 | 2492 | 4.547 | 6.18 4724
X 1.06 B24 113 3.200 2.589 866 D333 | 8327 8.687 | 4.635 | 270,
1 1.316 1.048 | .134 4.131 3.202 1.358 8626 | 4054 | 2904 | 8.645| 166.9
14 1.66 1.38 4 5.216 4.3356 2164 | 1.496 668 | 2801 | 2768 96.25
14 1.9 1.611 | 145 b.969 5,061 2835 | 2.038 J97 | 2.0 2371 70.66
2 2.375 2.067 | 154 7461 6.494 4.43 3.366 1.074 | 1.608 | 1.848 42,91
21, | 28m | 2468 | 204 | 9082 | 7753 | 64% | 4784 | 1708 | 138 | 1547 | 801
LRI E 3.067 | .217 | 10.996 0.636 9.621 | 7388 | 2243 | 1.001 | 1.245 19.5
3y 4. 3548 | 226 | 12566 | 11.146 | 12.566 | 9.887 | 2679 1.077 14.57
4 4.5 4.026 | 237 | 14137 | 12648 | 15.904 | 12.73 3174 849 949 11.81
42 b. 4,508 | 246 | 15708 | 14.162 | 19.685 | 15.961 3.674 764 848 9.02
b 5.563 5045 | 250 | 17477 | 15849 | 24306 | 19.99 4316 | 687 J07 7.2
6 6.625 6.065 | .28 20813 | 19.054 | 34.472 | 28.888 | 5.584 b7 .63 4.98
7 7.625 7.023 | 301 | 23,955 | 22.063 | 45664 | 33738 | 6.926 , .50t 544 3.72
8 8.625 7.982 | 322 | 27.006 | 25.076 | 58.426 50.04 8.386 A43 AT8 288
9 0,626 8.937 | 844 | 80.238 | 28,076 | 7276 | 6273 |10.08 597 A27 2.29
10 10.76 | 10.019 | .366 | 83.772 | 81.477 | 90.763 | 78,839 |11.924 | .65 | .382 1.82

‘TELINIT “00® 8ddIHd "HIDENEVD




CARNEGIE, PEIPPS & CO,, LIMITHD.

WEIGHT OF A CUBIC FOOT OF SUB-

STANCES.
] s
NAMES OF SUBSTANCES. v':ué?
Aluminum, . . . : FO -
Anthracite, solid, of Pennsylvmn. o fet SRR 23
“ broken, loose, . . st e lnDd
“ “  moderately shnken, ’ L 58

“ heaped bushel, loose, . . o . (80)
Ash, American white, dry, 2 . A R % 38

Asphaltum, . R R S e
Brass, (Copper and Theyom, . . & OSSN

% roned - . . . “ . . b24
Brick, bestpressed,. - . . & .« . 1D

“  common hard, . < . . 2 . . 126
g6 Csoft dnferlors 0 oL c e i So i R RGN
Brickwork, pressed brick, . T g . = 140

“ ordinary, o W% 112
Cement, hydruullc, grnu.nd loose, Amenu.n Rosendale o1 000

i ® Louisville, 50

“ “* “ “  English, Portland, . PO
Ehetry, dryy | avpllcetniylBaiogady o ® B o 42

| Chestnut, dry, " 3 5 s . . . . 41
| Clay, potters’, dry, . i = SRR IR 82 L
! £ In Jnp 10008 n.t v il w0 & 5w elABS
Co:l bituminous, solid, . . . . . . 84

. broken, loose, . . . . 49

o o heaped bushel, 1oose subaiit v WU
Coke, loose, of good coal, . % % 2 i . @2

« « heapedbushel, . . . . . (40)
Copper, cast, = T I T A

“  rolled, SR ¥ R e
Earth, common loam, dry, loose, . . el Lt L2

“ # %« @& moderately rmmed s B 25
“ as a soft flowing mud, o plas Rimalbiit e (g ata RENE
- e AR [ v
71 BT Ty A S
Flint, R e ST YO ST PR e A T




CARNEGIE, PHIPPS & CO., LIMITED,

WEIGHT OF SUBSTANCES—Continued.

NAMES OF SUBSTANCES. #Eé?
Glass, common window, 3 . " ! . . 167
Gneiss, common, - a . < - : 168
Gold, ml,pun,otucarnt, : - 3 ~ . 1204
“ pure, hammered, AR el okl ) % |
Granite, . : : . 170
Gravel, about the same as sand wlnch see,
Gypsum (plaster of p.ms). PR - & ol sl el T
Hemlock, dry, - . . . : . . 2B
Hickory, dry, . p . y d : L . 53
Hornblende, black, . : TS ‘ i . 203
Ice, L } y y v § - - - 58.7
Iron, cast, . E > . . : - . 450

“  wrought, purest e (T v o A D Sl el -
“ “  average, J N P % L . 480

TIvory, 2 2 SBLI fa nhr e e . 214
Lead, 4 P . : . i - . 711
Lignum Vitee, dry, g . 83

I.Jme qmck ground, loose or in small lumpa. R 1
“ «  thoroughly shaken, . . 75
& I “ @ per struck bnshel '3 -4 (Be)

Limestones and Marbles, . ; 168
“ “  loose, in lrreg'ular frqgments - 'De
Magnesium, i 5 . 109
Mahogany, Spanish, d.ry. wrt POTRR . . B3
o Honduras, dry, . . . . ¥ 35

Maple, dry, ’ . . i . . . 49
Marbles, see lec:lones
Masonry, of granite or limestone, well dressed, ~ 185
“  « mortar rubble, . a 3 . . 154
@ dry “  (well lcu.bbletl,) » g 138
#  # gandstone, well dressed, . : A . 144
Mercury, at 32° Fahrenheit, . . . . . 849
Mica, . ; i . . . 183
Mortar, I:uniened o Ca SETERE AT 103
Mud, dry, close, . e S SRl S R &) to 110




CARNEGIE, PHIPPS & CO., LIMITED

WB!IGI_E_[T OF SUBSTANCES—Continued.

NAMES OF SUBSTANCES,

Mud, wet, fluid, maximum, L . .
Oak, live, dry, 3 - . . .

“ white, dry, v 3 % . :

# other kinds, . o . v 3 .
Petroleum, . - . ! . ’
Pine, white, dry, . . . = 3 .
« yellow, Northern, : . .

“ “ Southern, = cxias 5
Platinum, 4 e X 8 - :
Quartz, common, pure, . . nidra 3
Salt, coarse, Syracuse, N, Y, i A /
« Liverpool, fine, for table use, . 4
Sand, of pure quartz, dry, loose, . 5 A

«  well shaken, . . . L a

« perfectly wet, . . . .
Sandstones, fit for building, b 5 ]
Shales, red or black, . ] ‘ : =
Silver, : 3 ; : 3 3 5
Slate, . 5 : . i ] :
Snow, freshly &llen, ¥ - .

%  moistened and compacted by rain,
Spruce, dry, . 2 S .
Steel, 2 F - s 2 " %
Sulphur, o R - . . .
Sycamore, dry, . : . i : 5
Tar, 3 5 > 5 k -
Tin, cast, 5 .

Turf or Peat, dry, nnpressed A s P

Walnut, black, dry, 5

Water, pure rain or. dlmlled. at 60° Fuhmheit,
“ sem, . S [ &

Wax, bees, 3 . s X R f i

Zinc or Spelter, . ¥ .

l -
v
120

4 noB
50

32to 45

.

55

J - 3b
34

. 4b
1342
185

20 to 30

. 38
624
. 64
60.5
. 43.7

Gmnﬂnhlumlllrui‘hnmmmuonowmmdry.
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CARNEGIE, PHIPPS & CO., LIMITED,

AREAS and CIRCUMFERENCES OF CIRCLES.
For Diameters from 15 o 100, advancing by Tenths.

Diam. Area, | Oircum. | Diam. Area. Circum.
0.0 4.0 12.5664 12.5664
s | 81416 | 13.2025 12.88056
2 031416 62832 2 13.8544 13.1947
3 070686 94248 3 14.5220 13.5088
A 12566 1.2566 4 15.2063 13.8230
5 .19685 1.5708 b 15.9043 14.1372
i) 28274 1.8850 6 16.6190 14.4513
ol 38485 2.1991 ot 17.3494 14.7655
8 50266 2.5133 8 18.0956 156.0796
9 63617 2.8274 9 18.8574 15.3988
1.0 7854 3.1416 5.0 19.6350 15.7080
A | 9503 3.4558 7 | 20.4282 16.0221
2 1.1310 8.7699 2 21.2372 16.8363
3 1.3273 4.0841 3 22,0618 16.6504
4 1.5304 4.3982 4 22.9022 16.9646
b 1.7671 47124 b 23.7583 17.2788
6 2.0106 5.0265 6 24.6301 17.6929
g 22698 5.3407 tid 25.5176 17.9071
8 2.5447 5.6549 8 26.4208 18.2212
9 2.8353 5.9690 9 27.3397 18.56354
2.0 3.1416 6.2882 6.0 28.2743 18.8496
i | 3.4636 6.5973 21 29.2247 19.1637
2 3.8013 6.9115 2 30.1907 194779
3 4.1548 7.2267 3 81.1725 19.7920
A 45239 7.5898 4 82.1699 20.1062
B 49087 7.8540 b 33.1831 20.4204
] 5.3093 8.1681 ] 84.2119 20.7345
7 5.7256 8.4823 i 85.2565 21.0487
8 6.1575 8.7965 8 86.3168 21.3628
9 6.6062 9.1106 9 37.3928 21.6770
3.0 7.0686 9.4248 7.0 384845 21.9911
51 7.5477 9.7389 d 89.5919 22.3053
2 8.0425 10.0631 2 40.7150 22.6195
3 8.5530 10.3673 3 41.8539 22.9336
4 9.0792 10.6814 4 43.0084 23.2478
b 9.6211 10.9956 b 44.1786 23.5619
] 10.1788 11.3007 K] 45,3646 23.8761
bri 10.7621 11.6239 il 46.65663 24.1908
8 113411 11.9381 8 477836 | R4.5044
9 11.9459 12.2522 9 49.0167 | 24.8186
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CARNEGIE, PHIPPS & CO., LIMITED.

AREAS and CIRCUMFERENCES OF CIRCLES.

(coNTINUED.)

Diam. |  Area. Oircum. | Diam. Area. Circum.
80 | 502655 | 251327 | 12.0 | 113.0973 | 87.6991
1 51.5300 | 25.4469 4 | 1149901 | 88.0133
1] 52.8102 | 25.7611 2 | 1168987 | 88.32%4
E] 541061 | 26.0752 8 | 1188229 | 88.6416
4 554177 | 263804 4 | 1207628 | 88.9567
5 56.7450 | 26.7035 5 | 122718 | 89.2699
(] 58.0880 | 27.0177 6 | 1246898 | 89.5841
7 59.4468 | 27.3319 7 | 1266769 | 89.8982
8 60.8212 | 27.6460 8 | 1286796 | 402124
9 622114 | 27.9602 9 | 130.6981 | 40.5265
9.0 636173 | 282743 | 13.0 | 132733 | 40.8407
A 65.0388 | 28.5885 A | 1847822 | 41.1549
2 664761 | 28.9027 2 | 1368478 | 41.4690
3 67.9201 | 20.2168 B | 1389201 | 41.7832
4 69.9978 | 29.5310 4 | 1410261 | 42.0973
5 708822 | 29.8451 5 | 1431888 | 424116
8 72.9823 | 80.1593 8 | 1452672 | 427257
7 73.8081 | 804734 7| 1474114 | 43.0398
8 754206 | 80.7876 8 | 1495712 | 43.3540
9 769769 | 81.1018 9 | 1517468 | 43.8681

10.0 785308 | 81.4159 | 140 | 153.9880 | 43.9823
& 80.1185 | 81.7301 A | 1561450 | 44.2965
2 81,7128 | 92.0442 2 | 1583677 | 44.6106
3 83.3220 | $2.8584 B | 160.6061 | 44.9248
4 840487 | 82.6726 4 | 1628602 | 452389
5 865901 | 82.9867 b5 | 1651300 | 455581
6 88.2473 | 83.8009 6 | 1674155 | 45.8673
7 89.9202 | 83.6150 7 | 169.7167 | 46.1814
8 91.6088 | 88.9202 8 | 172.0336 | 46.4956
9 933132 | 84.2484 9 | 174.3662 | 46.8097

11,0 95.0332 | 845575 | 160 | 1767146 | 47.1239
Kl 96.7689 | 84.8717 1 | 179.0786 | 47.4380
2 | 985208 | 85.1858 2 | 1814584 | 47.7522
8 100.2875 | 85.5000 3 | 1838530 | 48.0664
4 1020703 | 95.8142 4 | 1862650 | 48.3805
b 103.8689 | 86.1283 5 | 1883.6919 | 48.6947
6 105.6832 | 864425 B | 1911345 | 49.0088
5 1075132 | 96.7566 7| 1935998 | 49.3230
8 109.3588 | 87.0708 8 | 196.0668 | 49.6872
9 1112202 | 87.8850 9 | 1985565 | 49.9513

a78




CARNEGIE,

PHIPPS & CO.,, LIMITED.

AREAS and CIRCUMFERENCES OF CIRCLES.

]

— — —
oo | % e R R s [ = . >
o NG kD NGy ksv~o

—
o i-'eebahg whoNmtn mtoboi

(r.oN'rmUFn )

'Ulrwm

50,2655

50.5796
50.8938
51.2080
61.5221

51.8363
52.1504
52.4646
52.7788
53.0929

53.4071
53.7212
54.0354
54,3496
54.6637

20.
317.3087
820.4730
323.6547
326.8013

330.0636
333.2016
836.5353

12 y
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CARBRNEGIHE, PHIPFS & CO., LIMITED.

AREAS and CIRCUMFERENCES OF CIRCLES.
(CONTINUED. )

24.0 452.9893 75.3082 28.0 615.7622 87.9646
| 456.1671 76.7124 | 620.1582 832788
2 459.9606 76.0265 ] 624.5800 88.5929
8 463.7698 76.3407 3 629.0176 88.9071
4 467.5947 76.6549 4 633.4707 89.2212
b 471.4352 76.9690 b 637.9397 89.5354
6 4752916 77.2882 6 642.4243 89.8495
7 479.1636 77.5073 i 646.9246 00.1687
8 483.0613 T7.9115 8 661.4407 90.4779
9 486.9547 78.2257 9 665.9724 90.7920
25.0 490.8739 78.5398 29.0 660.5199 91.1062
G | 494.8087 78.8540 A 665.0830 91.4203
2 498.7592 T79.1681 2 669.6619 91.7345
3 502.7255 79.4823 3 674.2565 92.0487
A 506.7075 79.7965 4 678.8668 92.3628
5 510.7052 80.1106 b 683.4928 92.6770
i) 514.7185 80.4248 B 688.1345 92.9911
g 518.7476 80.7389 o 692.7919 93.3063
8 7924 81.0631 8 697.4650 93.6195
k] 526.8529 81.9672 9 702.1538 93.9336
26.0 530.9292 81.6814 30.0 706.8583 04,2478
A 535.0211 81.9956 i3 711.5786 94.5619
2 539.1287 82.3097 2 716.3145 94.8761
8 543.2521 82.6239 ] 721.0662 95.1903
4 5479911 82.9380 4 7258336 95.5044
5 551.5459 83.2522 b 730.6167 95.8186
6 555.7163 83.5664 ] 785.4154 96.1327
L 559.9025 83.8805 of 740.2299 96,
8 564.1044 84.1047 8 745.0801 96.7611
9 568.8220 84.5088 9 749.9060 97.0752
27.0 572.66563 84.8230 31.0 754.7676 97.3894
| 576.8043 85.1372 4 759.6450 97.7035
L 581.0690 85.4513 2 764.53380 98.0177
3 5858494 85.7655 3 760.4467 98.3319
4 580.6455 86.0796 4 743712 98.6460
b 508.9574 86.3938 b 7793113 08.9602
B 508.2849 86.7080 B 7842672 99.2743
T 602.6282 87.0221 T 780.2388 99.5885
8 606.9871 87.3363 8 794.2260 ;
9 611.3618 87.6504 9 | 7992200 | 100.2168
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CARNEGIE, PHIPPS & CO., LIMITHD.,

E

and CIRCUMFERENCES OF CIRCLES.

Area, Circum. Diam, Area. (ircum.
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804.2477 | 100.531C | 36.0 13%;.8750 113.0973
809.2821 | 100.8451 10236887 | 1134115
814.3322 | 101.1593 10202172 | 113.7267
819.3980 | 101.4734 1034.9113 | 114.0398
8244796 | 101.7876 1040.6212 | 114.3540

820.5768 | 102.1018 1046.3467 | 114.6681
834.6898 | 102.4159 1052.0880 | 114.9823
839.8185 | 102.7301 1057.8449 | 115.2965
8449628 | 103.0442 1063.6176 | 115.6106
850.1229 | 103.3584 1069.4060 | 115.9248

8552086 | 103.6726 1075.2101 | 116.238%
860.4902 | 103.9867 1081.0209 | 116.5531
865.6978 | 104.300% 1086.8654 | 116.8672
870.9202 | 104.6150 1092.7166 | 117.1814
876.1588 | 104.9292 1008.5835 | 117.4956

8814131 | 1052434 1104.4662 | 117.8007
886.6831 | 106.5575 1110.8645 | 118.1239
891.9688 | 105.8717 1116.2786 | 118.4380
897.2703 | 106.1858 1122.2083 | 1187522
902.6874 | 106.5000 1128.1538 | 119.0664

907.9208 | 106.8142 1134.1149 | 119.3805
913.2688 | 107.1283 1140.0018 | 119.6947
9186331 | 107.4425 1146.0844 | 120.0088
9240131 | 107.7566 1152.0027 | 120.3230
929.4088 | 108.0708 1158.1167 | 120.6372

934.8202 | 108.3849 1164.1564 | 120.9513
9402473 | 108.6091 1170.2118 | 121.2656
945.6901 | 109.0133 1176.2830 | 121.5796
951.1486 | 109.3274 1182.3608 | 121.8988
956.6228 | 100.6416 1188.4724 | 122.2080

962.1128 | 109.9557
067.6184 | 110.2699
9781397 | 1105841
978.6768 | 110.8982
984.2206 | 111214

089.7980 | 111.5285
905.3822 | 111.8407
1000.9821 | 112.1549
1006.6977 | 112.4690
1012:2290 | 112.7832
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CARNEGIB, PEIPPS & Q0,, LIMITED.
AREAS and CIRCUMFERENCES OF CIRCLES.
' (CoNTINUED.)
Diam. Area. Circum. Diam. ] Area. Cireum. |
400 | 1256.6871 | 1256637 | 44.0 | 15205808 | 138.2301 |
1 | 12629981 | 125.9779 1 | 15274502 | 138.5442
2 | 12692348 | 126.2920 2 | 15343853 | 1338584 |
3 | 12755573 | 126.8062 3 | 1541.3360 | 139.1726
4 | 12818055 | 126.9203 4 | 15483025 | 189.4867 ‘
5 | 12882493 | 127.9345 5 | 15552847 | 139.8009
8 | 12046189 | 127.5487 6 | 15622826 | 140.1158 |
7 | 13010042 | 127.8628 7 | 15692962 | 1404202 ‘
8 | 13074052 | 128.1770 8 | 1576.9255 | 140.7434
9 | 13138219 | 128.4911 9 | 1583.3706 | 141.0576 |
410 | 13202543 | 1288053 | 45.0 | 15904313 | 1419717 |
1 | 13267024 | 129.1195 1 | 15075077 | 141.6858
2 | 13331663 | 129.4336 2 | 16045999 | 142.0000 |
3 | 13396458 | 129.7478 3 | 16117077 | 1423142 ‘
4 | 13461410 | 130.0619 4 | 16188313 | 142.6283
5 | 13526520 | 130.8761 5| 16259705 | 142.0495 ‘
6 | 13591788 | 130.6903 6 | 16331255 | 143.2566
7 | 13657210 | 131.0044 7 | 16402962 | 1435708
8 | 132791 | 1313186 8 | 16474526 | 1438849
9 | 13788529 | 131.6327 9 | 16546847 | 144.1991 |
20 | 13854424 | 1310469 | 460 | 16619025 | 1445133
A | 1392.0476 | 1322611 1 | 16601360 | 144.8974
2 | 139816685 | 1325752 2 | 16763853 | 145.1416
3 | 14053051 | 132.8804 3 | 16836502 | 145.4557
4 | 14119574 | 133.20% 4 | 16909308 | 1457699 |
5 | 14186254 | 1335177 5 | 16082272 | 146.0841 |
8 | 14253002 | 13338318 6 | 17055392 | 1468082
7 | 14320086 | 134.1460 2 | 17128670 | 1467124 |
8 | 14337238 | 134.4602 8 | 17202105 | 147.0265
9 | 14454548 | 1347743 9 | 17275697 | 147.2407 |
430 | 14522012 | 1350885 | 47.0 | 17340445 | 147.8550
A | 14589635 | 135.4026 1 | 17423351 | 147.9690
2 | 14657415 | 185.7168 9 | 17497414 | 1482882
3 | 1472532 | 136.0310 3 | 17571635 | 1485973
A4 | 14793446 | 1363451 4 | 17646012 | 1489115 |
5 | 14861607 | 136.6503 5 | 1772.0646 | 1492257
8 | 14930105 | 136.9734 6 | 17795287 | 149.5908 |
7 | 14998670 | 137.2876 7 | 1787.0086 | 149.8540 |
8 | 15067393 | 137.6018 8 | 17945001 | 150.1681 |
9 | 1513.6272 | 137.9159 9 | 18020254 | 1504823 |
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CARNEGIE, PHIPPS & CO,, LIMITED,

AREAS and CIRCUMFERENCES OF CIRCLES.
: (CONTINUED, )

Area. (ircum.

2123.7166 | 163.3628
2131.8926 | 163.6770
2140.0843 | 163.9911
21482017 | 164.3053 |
2156.5149 | 164.6195 |

21647537 | 164.9336
2173.0082 | 165.2479
21812785 | 1655619 |
21805644 | 165.8761 |
2A07.8661 | 166.1903 |
|
|
|

Area. | Circum.

1809.6674 | 150.7964
1817.1050 | 151.1106
1824.6684 | 151.4248
1832.2475 | 151.7389
1839.8423 | 152.0581

1847.4528 | 152.3672
1855.0790 | 152.6814
1862.7210 | 152.9956
1870.3786 | 153.3097
1878.0519 | 153.6239

1885.7409 | 153.9380
1893.4457 | 154.2522
1901.1662 | 154.5664
1908.9024 | 154.8805
1916.6543 | 155.1947

1924.4218 | 155.5088

1040.0042 | 156.1872
1047.8189 | 156.4518
1955.6498 | 156.7655

1963.4954 | 157.0796
1071.3572 | 157.3938
1979.2348 | 157.7080
1087.1280 | 158.0221
1995.0870 | 158.3363

2002.9617 | 158.6504
2010.9020 | 158.9646
2018.8581 | 159.2787
2026.8299 | 159.5929
20348174 | 150.9071

2042.8206 | 160.2212
2050.8395 | 160.5354
2058.8742 | 160.849%
2066.9245 | 161.1637
2074.9905 | 161.4779

2083.0728 ] 161.7920
2091.1697 | 162.1062
2099.2820 | 162.4203
21074118 | 162.7345
21155563 | 163.0487
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2206.1834 | 166.5044
2214.5166 | 166.8186
22228663 | 167.1827
2231.2298 | 167.4469
2239.6100 | 167.7610

2248.0059 | 168.0752 -
2256.4175 | 168.3804

22648448 | 168.7085 |
2273.2879 | 169.0177 |
2281.7466 | 160.3818 |

22002210 | 169.6460
2208.7112 | 169.9602
2307.2171 | 1702748 |
2315.7386 | 170.5885
2324.2759 | 170.9026

23328289 | 171.2168 |
2341.3976 | 171.5310
2349.9820 | 171.8451
2358.5821 | 172.1593 |
23671970 | 1724735 |

2375.8204 | 1727876 |
2384.4767 | 173.1017 |
2393.1396 | 173.4159 I
2401.8183 | 173.7301

24105126 | 174.0442 |

24102227 | 174.3584
2427.9485 | 174.6726
2436.6809 | 174.9867
24454471 | 175.3009
2454.2200 | 175.6150
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CARNEGIm, PHIPPS & CO,, LIMITHD.

[A_BZIAB and CIRCUMFERENCES OF CIRCLES.
(CONTINUED. )
Diam. Area. Circum. | Diam. Area. (Circum.
56.0 | 2463.0086 | 175.9292 | 60.0 | 2827433 | 188.4056
3 24718180 | 176.2433 i | 188.8087
2 | 2480.6880 | 176.5575 2 | 28463144 | 180.1230
3 | 24804687 | 176.8717 8 | 2856.7784 | 180.4330
A4 | 2408.3201 | 177.18568 4 | 28652582 | 180.7522
b5 | 2507.1878 | 177.5000 b5 | 2874.7536 | 190.0664
6 | 2516.0701 | 177.8141 6 | 28842648 | 100.3806
7 178.1283 T | 2893.7017 | 100.6947
8 178.4425 8 3343 | 191.0088
9 | 25428120 | 178.7566 9 | 20128026 | 101.3230
B57.0 | 2551.7586 | 179.0708 | 61.0 | 20224666 | 191.6372
5 | 2560.7200 | 179.3849 A 2032,0563 | 191.9513
2 | 2560.6071 | 179.6991 2 | 20416617 | 1922655
8 | 2578.6809 | 180.0133 8 | 20512828 | 1925796
4 2587.6085 | 180.3274 4 2060.9197 | 192.8938
- b | 2506.7227 | 180.6416 b | 2070572 | 193.2079
6 | 2605.7626 | 180.9557 B | 20802406 | 193.5221
7 | 26148188 | 181.2699 | 20809244 | 103.8363
8 | 2623.8806 | 181.5841 B | 2000.6241 | 194.1604
9 | 206329767 | 181.8082 9 | 3000.8305 | 194.4648
B0 | 2642.0794 | 1822124 | 62.0 | 3010.0706 | 194.7787
A 2651.1979 182.5265 y | 8028.8178 | 195.0929
2 2660.8321 182.8407 2 3038.5798 | 1954071
3 2660.4820 | 183.1549 3 3048.3580 | 195.7212
A 2678.6476 | 183.4690 4 8058.1520 | 196.0354
b | 26878289 | 183.7832 5 | 3067.9616 | 196.3495
6 | 2807.0259 | 184.0073 6 7869 | 196.6687
7 | 27062385 | 1844115 . | 3087.6279 | 196.9779
8 | 27154670 | 184.7256 8 | 3007.4847 | 197.2920
9 | 247112 | 185.0808 9 | 8107.8571 | 197.6062
59.0 | 27339710 | 1853540 | 63.0 | 3117.2458 | 197.9203
g | 27432466 | 185.6681 A 81271492 | 1082345
2 h978 | 185.9823 2 | 8187.0688 | 198.5487
B | 2761.8448 | 186.2064 A | 8147.0040 | 198.8628
4 | 27711675 | 186.6106 4 | 3156.9550 | 1991770
b | 27R0.5058 | 186.9248 5 | 8166.9217 | 1994911
B | 27808509 | 187.2389 6 | 3176.0043 | 199.8053
g7 | 292207 | 187.5531 7 | 8186.9023 | 200.1195
8 | 2808.6152 | 187.8672 8 | 81069161 | 2004336
9 | 28180165 | 188.1814 9 | 32069456 | 200.7478

284




CARNEGIE, PHIPPS & CO., LIMITED.

AREAS and CIRCUMFERENCES OF CIRCLES.

(CONTINUED.)

Diam. Area. Circum. | Diam. Area. (ircum,
640 | 8216.9900 | 201.0620 | 68.0 | 3631.6811 | 213.6283
b ; 8227.0518 | 201.3761 d 8642.8704 | 213.9425
;2 | 8287.1285 | 201.6902 2 | 3653.0764 | 214.2566
© 3 | 82472222 | 202.0044 3 | 8663.7960 | 2145708
4 8257.3289 | R02.3186 4 3674.5324 | 214.8849
b 8267.4527 | 202.6327 b 36852845 | 215.1991
6 | 8277.5922 | 202.9469 6 | 8696.0623 | 215.5133
id 8287.7474 | 203.2610 b 8706.8859 | 215.8274
8 8297.9183 | 208.5752 8 8717.6851 | 216.1416
0 | 3308.1049 | R203.8804 9 | 87284500 | 216.4566
850 | 2318.3072 | 204.2035 | 69.0 | 8739.2807 | 216.7699
: | 9328.56268 | 204.6176 hy ! 8750.1270 | 217.0841
2 8338.7590 | 204.8318 2 8760.9891 | 217.3982
83 | 9349.0085 | 205.1460 B | 8771.8668 | 217.7124
A4 | 8359.2736 | 205.4602 4 | 8782.7603 | 218.0265
5 | 9360.5545 | 205.7743 b | 8793.6695 | 218.3407
6 | 3379.8510 | 206.0885 6 | 9804.5944 | 218.65648
i 3300.1638 | 206.4026 5 3815.5850 | 218.9690
8 34004913 | 206.7168 8 8826.4918 | 219.2832
9 8410.8350 | 207.0810 9 3837.4633 | 219.6973
66.0 | 34211944 | 207.3451 | 70.0 | 8848.4510 | 219.9116
A1 | 8431.5695 | 207.6593 A | 9850.4544 | 220.2256
2 | 3441.9603 | 207.9734 2 | 9870.4736 | 220.5398
3 | 3452.3669 | 208.2876 3 | 8881.5084 | 220.8540
4 | 3462.7891 | 208.6017 4 | 8392.5500 | 221.1681
b | 84732270 | 208.9159 5 | 8903.6252 | 221.4823
6 | 3483.6807 | 200.2301 £ | 39147072 | 2217964
7 | 84941500 | 209.5442 .7 | 8925.8049 | 222.1106
8 | 8504.6251 | 209.8584 8 | 39369182 | 222.4248
0 | 8515.1359 | 210.1725 9 | 3048.0473 | 222.7389
67.0 3525.6624 | 210.4867 71.0 3959.1921 | 223.0631
1 | 8536.18456 | 210.8009 d 3970.8526 | 223.3672
2 8546.7324 | 211.1150 2 8081.5280 | 223.6814
8 | 8557.2060 | 211.4202 B | 8992.7208 | 223.9956
4 3567.8764 | 211.7433 4 4003.9284 | 2243007
b | 35784704 | R12.0575 b5 | 40151518 | 2246239
6 | 8580.0811 | 2123717 6 | 40263908 | 2249380
i 8509.7075 | 212.6858 i 4037.6456 | 2252522
8 | 8610.3497 | 213.0000 8 | 40489160 | 225.5664
9 | 8621.00756 | 2133141 9 | 40602022 | 225.8805
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CABNEGIE, PHIPFS & CO., LIMITHD.

|AREAS and CIRCUMFERENCES OF CIRCLES.

(coNTINUED,)

7.0 | 40715041 | 2261947 | 76.0 | 4636.4508 | 238.7610
4 | 40828217 | 2265088 A | 46484067 | 239.0752
2 | 4004.1650 | 226.8230 2 | 4560.3673 | 239.3804
B | 4105.6040 | 2271871 8 | 46723446 | 239.7035
4 | 41168087 | 2274513 A | 45848877 | 240.0177
b | 41282491 | 227.7655 b | 45963464 | 240.3318
6| 41306452 | 2280796 6 | 4608.8708 | 240.6460
.| 41610671 | 2283938 7 | 46204110 | 240.9602
8 | 41624846 | 2287079 8 | 46324660 | 241.2743
9 | 41739279 | 220.0221 9 | 46445834 | 2415885

730 | 41853868 | 2293363 | 77.0 | 4656.6257 | 241.9026
A | 4196.8615 | 229.6504 4 | 4668.7287 | 2422168
2 | 42083519 | 220.9646 2 | 46808474 | 2425310
8 | 42108579 | 2302787 8 | 46929818 | 2428451
4 | 42313707 | 2305920 4 | 4705.1319 | 243.1592
S| 20172 | 2809071 b | ATIT20TT | 243474
6 | 42544704 | 2312212 £ | 47204702 | 2437876
4 | 4206.08904 | 2315854 A | AT4L6765 | 244.1017

8 | 4277.6240 | 231.8495 8 | 47638804 | 244.4159

o9 | 42802243 | 232.1687 9 | 4766.1181 | 244.7301

740 | 43008403 | 2324779 | 78.0 | 4778.36%4 | 2450442
Jd | 43124721 | 232.7920 A | 4790.6225 | 245.3584
2 | 424119 | 233.1062 2 | 48028083 | 245.6725
8 | 4337827 3.4203 3 | 4815.1807 | 245.9867
A | 43474616 | 2337345 4 | 48274060 | 246.3009
b | 43501562 | 234.0487 5 | 48308198 | 246.6150
B £ | 48521584 | 246.9202
4| 43825024 | 234.6770 0 | 48645128 | 247.2433
8| 43043341 | 234.9911 8 | 48768828 | 247.5675
9 | 4406.0016 | 235.3053 9 | 48802085 | 247.8717

75.0 | 44178647 | 2356104 | 79.0 | 4001.6609 | 248.1858
4| 44206535 | 235.9336 | 4914.0871 | 248.5000
2 | 44414580 | 2362478 2 | 49205199 | 2488141
.8 | 44532783 | 236.5619 3 | 4038.9685 | 249.1283

.4 | 4651142 | 236.8761 4 | 49514328 | 249.4425
b | 4476.9659 | 237.1002 b | 4963.9127 | 249.7566
6 | 44888332 | 237.5044 b | 49764084 | 250.0708
7 | 45007163 | 237.8186 .7 | 49888198 | 250.3850
8 | 45126151 | 238.1827 8 | 5001.4469 | 250.6901

o9 | 45245206 | 2384469 9 | 5013.9807 | 251.0183




CARNEGIE |PHIPP8S & CO., LIMITED.

AREAS and CIRCUMFERENCES OF CIRCLES.

(coNTINUED. )
Diam. Area. Oirenm. | Diam. |  Area. Circum.
800 | 50265482 | 251.3274 | 84.0 | B541.7694 | 263.8038
5089.1225 | 251.6416 s 5b54.9720 | 264.2079

whoNumitr roh~o DhNGy v DNy R YNNG o

5051.7124 | 251.9567
5064.3180 | 252.2609
5076.9394 | 252.5840

5089.5764 | 252.8932
5102.2292 | 253.214
5114.8977 | 253.5265
5127.5819 | R53.8407
5140.2818 | 254.1548

5152.9973 | 254.4690 | 85.
5165.7287 | 254.7832
5178.4757 | 255.0073
5191.2384 | R556.4116
5204.0168 | 255.7256

5216.8110 | 256.0398
5229.6208 | 256.3540
5242.4463 | 256.6681
5255.2876 | 256.9823
b5268.1446 | 257.2066

5281.0173 | 257.6106 | 86
5293.9066 | 257.9247
5306.8097 | 258.2389
5319.7295 | 258.5531
5332.6650 | 258.8672

5345.6162 | 259.1814

5668.1902 | 264.5221
6581.4242 | 264.8363
5594.6739 | 265.1514

5607.9392 | 265.4646
5621.2208 | 265.7787
6634.5171 | 266.0929
5647.8206 | 266.4071
5661.1578 | 266.7212

5674.5017 | 267.0354
5687.8614 | 267.3405
5701.2367 | R67.6637
5714.6277 | 267.9779
5728.0345 | 268.2920

5741.4560 | 268.6062
b5754.8961 | 268.9203
b5768.3490 | 2060.2345
5781.8185 | 269.5486
5795.8088 | 269.8628

5808.8048 | 270.1770
5822.9216 | R70.4911
5835.8539 | 270.8053
5849.4020 | 271.1194
58629659 | R271.4336

5876.5454 | R71.7478
5890.1407 | 272.0619
5903.7516 | 272.3761
5917.8783 | 272.6002
5931.0206 | R73.0044

5944.6787 | 273.3186
5958.8526 | R°78.6327
5972.0420 | 273.9469
5985.7472 | 274.2610
5090.4681 | 274.5752

6013.2047 | 274.8804
6026.9570 | 275.2035
6040.7250 | 275.5177
6054.5088 | 275.8318

:
R
%

6602.
5o15.4:15 | R63.2656
55285826 | 268.5796

NGt rw~D DNLDr koo Db koo DN kb

60633082 | 276.1460
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CARNEGIE, PHIPPS & CO.; LIMITHD.

AREAS and CIRCUMFERENCES OF CIRCLES.

(CONTINUED.)

Diam. Area. Circum. Diam. Area. Circum.
880 | 60821334 | 2764602 | 92.0 | GGAZ.6101 | 250.0265
1 | 60059542 | 2767743 | 4 | 6662.0692 | 289.3407
2 | 61008008 | 2770885 | 2 | 06765441 | 289.6548
3 | 61296631 | 2774026 | 3 | 66910347 | 289.9690
4 | ewgrsatt | errmes | 4 | 67055410 | 290.28%2
5 | 61514348 | 2780309 | 5 | 67200880 | 2905073
6 | 61653442 | 2783451 | .6 | 6734.6008 | 290.9115
7 | 61792698 | °786503 | 7 | 6749.42 | 291.2956
8 | 61032101 | 2789740 | B | 67687283 | 2015308
9 | 62071666 | 2792878 | 9 | 67783082 | °91.8540
80.0 | 62211380 | 2ro6017 | 3.0 | 67920087 | 292.1681
1 | 62851268 | 2799159 | .1 | 68075250 | 2924898
® | 62491904 | 2802301 | 2 | 68221560 | 2027964
3 | 0263498 | 2805442 | 3 | 68368046 | 2931106
4 | 62771849 | PR0m584 | 4 | 68514680 | 293.4248
5 | 62012856 | 2811725 | 5 | eses.a7t | 2087389
6 | 63053021 | 2814867 | 6 | 68808410 | 204.0581
7 | 63193343 | 2818000 | 7 | 6895554 | 2043672
8 | 63334822 | 221150 | 3 | 69102786 | 204.6814
| 9 | 637058 | 2824202 | 0 | 69250205 | 294.9956
900 | 63617251 | 2827433 | 04.0 | 60307782 | 205.3097
A | 635801 | 2830675 | 4 | 60545515 | 295.6289
2 | 63000309 | 233717 | 2 | 6969.3106 | 295.9380
3 | 64042073 | 2836858 | 3 | 69841453 | 2962592
4 | 64183995 | 2840000 | .4 | 69989658 | 2965663
5 | o4%26078 | 243141 | 5 | 70138018 | 2968805
6 | 64468800 | o46983 | 6 | 70286538 | 207.1047
7 | e6rov01 | emasess | 7 | 70435214 | 2975088
8 | e475.3%51 | 2852566 | 3 | 7058.4047 | 297.8230
9 | 64505958 | 2855708 | 9 | 70738088 | 298137
91.0 | 65038822 | 2258849 | 5.0 | 7o8s21s4 | 2984513
1 | 65181848 | 2861991 | .1 | 71031488 | 2087655
2 | 65325021 | 2865138 | 2 | 71181950 | 299.0798
3 | 65468356 | 2868274 | 3 | 7133.0568 | 299.3038
A | 65611848 | 287.4416 | 4 | 71480343 | 2097079
5 | ennie8 | espassy | 5 | 7163.0276 | 800.0221
6 | 65899304 | 2877699 | 6 | 7178.0366 | 300.8363
7 | 66043268 | 280840 | 7 | 71930612 | 800.6504
B | 6618738 | 283982 | 8 | 72081016 | 300.9646
9 | 06331666 | 27124 | 9 | 728577 | 8012787




CARNEGIRE, PHIPPS & CO,, LIMITHED.

AREAS and CIRCUMFERENCES OF CIRCLES,

(CONTINUED.)

Diam. | Area. | Circam.

96.0 | TRI8.2205 | 301.5920 | 980 | 7542.0640 | 807.8761
4 | 7268.8170 | 301.9071 A | 76683656 | 808.1902
2 | TR684202 | 8022212 2 | 75737830 | 808.5044

3 | TR83.5301 | 802.5854 3 | 7680.2161 | 308.8186
4 | T208.6787 | 302.8405 4 | 7604.6648 | 300.1327
b | T313.8240 | 303.1637 b | 7620.1208 | 800.4469
6 | 73289901 | 803.4779 6 | 7635.6005 | 809.7610
7 | TH4ATIS | 303.7920 7 | 7651.1064 | 810.0752
8 | 73503693 | 304.1062 8 | 7666.6170 | 310.380%4
9 | TOTA5824 | 304.4203 9 | 76821444 | 310.7085
97.0 | 78898113 | 3047345 | 90.0 | 7697.6803 | 3811.0177
1 | 7406.0550 | 805.0486 1 T713.2461 | 3113318
2 | 74203162 | 305.3628 2 | 77288206 | 311.6460
8 | 74355922 | 305.6770 8 | T444107 | 8119602
4 | 7450.8830 | 3805.9911 4 | 7760.0166 | 8122743
b | TA66.1913 | 806.3053 b | 7775.6382 | 812.5885
6 | TAB1.5144 | 806.6194 B | 7912764 | 312.9026
7 | T406.8532 | 306.9336 .7 | 78069284 | 813.2168
8 | THhI22078 | 807.2478 8 | 7R225971 | B813.6309
9 b780 | 307.5619 9 | 78382815 | 3138451
100.0 | 7853.9816 | 814.1503

To compute the area or circumference of a diameter greater
than 100 and less than 100! :
Take out the area or circumferénce from table as though the
number had one decimal, and move the decimal point two places
to the right for the area, and one place for the circumference.

EXANPLE—Wanted I.hmudummﬁrmdm The fabalar ares for 56.7
is 25249687, and ciroumference 1781283, Therefore ares for 567 = 252406.87 aud
ciroumferonce = 1781.283,

To compute the area or circumference of 'a diameter greater
than 1000 :

Divide by a factor, as 2, 8, 4, b, etc., if practicable, that will
leave a quotient to be found in table, then multiply the tabular
area of the quotient by the sguare of the factor, or the tabular
circumference by the factor.

ELAMPLE—Wan circamference qulini
is km::‘?&mmmd“u “%"&b
of mm.uxi-um.slum-mxs-m&
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CARNEGIE, PEIPPS & CO,, LIMITED.

AREAS OF ANGLES VARYING BY 4/ IN
THICKNESS.
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CARNEGIE, PHIPPS & CO., LIMITHED.

No.

10

11
12
13

14
15
16

17
18
19

20

=2l
22
23

24
25
26

27
28
29

30

31
32
33

34
35
36

37
38
39

, LOGARITHMS OF NUMBERS.

ol1]|2|3]|4 5}3|7[a[9

0000/ 0043 | 0086 0128 0170 | 212 | 0253 | 0294 0334 0874

0414 | 0453 [ 0492 | 0531 | 0569 | 0607 | 0645 | 0682 | 0719 | 0755
0792 | 0828 | 0864 | 0899 | 0934 | 0969 | 1004 | 1038 | 1072 | 1106
1139 | 1173|1206 1239 | 1271 | 1303 | 1335 {1367 | 1399 | 1430

1461|1492 | 1523|1553 | 1584 | 1614 | 1644 (1673 | 1703 | 1732
1761 {1790 | 1818|1847 | 1875 | 1003|1981 {1959 | 1987 | 2014
2041 | 2068 | 2095 [2122 | 2148 | 2175 | 2201 2227 | 2253 | 2279

2304 | 2330 | 2355 | 2380 | 2405 | 2430 | 2455 | 2480 | 2504 | 2529
2553 | 2677 | 2601 | 2625 | 2648 | 2672 2605 (2718 | 2742 | 2765
2788 | 2810 | 2833 | 2856 | 2878 | 2000 | 2023 [ 2045 | 2067 | 2089

3010|3032 | 3054 3075 3096 | 3118 3139 | 3160 3181 | 3201

3222 | 3243 | 3263 | 3284 | 3304 3324884533&53385!3404
3424 | 3444 | 3464 [ 3483 | 3502 | 3522 | 3541 | 3560 | 3579 | 3598
3617 | 3636 | 3655 | 3674 3692 | 3711 | 3720 | 3747 8766|8‘?84
3802 | 3820 | 3838 | 3356 | 3874 | 3892 | 3009 | 8927 | 3045 3062
3979 | 3997 | 4014 [4031 | 4048 | 4065 | 4082 | 4099 | 4116 4133
4150 (4166 | 4183|4200 | 4216 | 4232 | 4249 | 4265 | 4281 4208

4314 14330 | 4346 | 4362 | 4378 | 4303 4400 | 4425 4440],44,53
4472 | 4487 | 4502 | 4518 | 4533 | 4548 | 45064 | 4579 | 4504 | 4609
4624 | 4630 | 4654 | 4660 | 4633 | 4608 | 4713 4728|4742 4757

ATTL| 4786 4800 | 4514 4899 | 4548 4857 4571 4886 4900
4914 (4928 | 4942 | 4955 | 4969 | 4983 | 4997 | 5011 | 5024 | 5038
5051 | 5065 [ 5079 | 5092 | 5105 | 5119 | 5182 | 5145 | 5169 | 5172
5185|5198 | 5211 | 5224 | 5237 | 5250 | 5263 | 6276 5289|53[G

5315|5328 | 5340 | 5353 | 5366 | 5378 | 5391 | 5403 | 5416 | 5428
B441 | 5453|5465 | 5478 | 5490 | 5502 | 5514 | 5527 (5539 | 5551
5563 | 5575 | 5587 | 5599 | 5611 | 5623 | 5635 | 5647 | 5658 | 5670

5682 5694 | 5705 | 5717 | 5729 | 5740 | 5762 | 5763 | 5776 | 5786
5798 | 5800 | 5821 | 5832 | 5843 | 5855 | 5866 | G8TT | SRS | 5899
5911|5922 | 5933 | 5944 | 955 | 5966 | HATT | 5983 | 5999 | 6010

No.

012845678’9

B o opp eng wgy s | F
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CARNEGIHE, PHIPPS & CO., LIMITED

=

3

4 | &5

(&}

8

LOGARITHMS OF NUMBERS—Continued.

5&% B8&E EEE 8

6053

6064 | 6075

6085

6107

6160
6263
63656

6464
6561

7076|7084 | 7093

7382
7412 | 7419

7482 7490 | 7497

7559

7566 | 7674
7642 | 7649

6170 | 6180
6274 | 6284
6375 | 6385

6474 | 6484

7110 | 7118
7193 | 7202
7275 | 7284

7856 | 7364

7513 | 7520
7589 | 7597

7738 | TT45

6191
6294
6395

6493
6590
6684

6776
6366
6955

T

7126
7210
202

7872
7461
7528

7604
7679
7762

6212
6314
6415

6513

6712

7135
718

7380
7459
7536

7612

7162

7816

7396
7474
7651

7627
7701
s

7780 | 7796

7810 | 7818

7825

7846

7993 | 8000 | 8007

8120|8136 [8142
8195 | 8202 | 8209

8267 | 8274

8388 | 8395 | 8401

8014

8149
8216

8407

7896
7966
8035

8102

8109
8176
8241

8370
8432

17917

8122
8189

8319

Diff.
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10
10
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CARNEGIE, PHIFPS & CO., LIMITED.

LOGARITHMS OF NUMBERS—Continued.

No.

70

71
72
73

74
75
76

77
78
79

80

81
82
83

84
85
86

87
88
89

920

o1
02
23

24
95
96
97
28
29

No.

0

851 5457 | 8468 8470 8476 | 3482 | 8488 | 3494 | 8500 | 8506

8513
8578
8633

8602
8751
8808

8865
8921
8976

9051

9085
9138
9191

9243
0204
9345

9395
9445
9494

9542

9590
9638
9685

9731
T
9823

9868
9912
9956

0

=

s AL Ll S ] o R S

8519 | 8525 | 8531 | 8537 | 8543 | 8549 | 855 | 8561 | 8567
8579 | 8585 | 8591 | 8597 | 8603 | 8609 | 8615 | 8621 8627
8630 | 8645 [ 8651 | 8657 | 8663 | 8660 | 8675 | 8681 | 8686

8698 | 8704 | 8710 | 8716 | 8722 | 8727 | 8733 | 8739 | 8745
8756 | 8762 | 8768 | 8774 | 8779 | 8785 | 8791 8797 | 8802
8814 | 8320 (8825 | 8831 | 8837 | 8842 | 8348 | 8854 | 8859

8871 | 8876 | 8382 | 8887 | 8803 | 8399 | 8904 | 8910 [8915
8027 | 8932 | 8938 | 8943 | 8949 | 8054 | 8960 | 8965 | 8971
8082 | 8987 | 8993 | 8993 | 9004 [ 9009 | 9015 | 9020 | 905

9036 | 9042 9047 | 9053 | 9058 | 9063 | 9069 | 9074 | 9079

9090|9096 {9101 | 9106 | 9112 | 9117 | 9122 {9128 | 9133
9143 | 9149 | 9154 | 9159 | 9165 |9170 | 9175 | 9180 [ 9186
9196 (9201 | 9206 | 9212 | 9217 | 9222 | 9227 | 9232 | 9238

9248 | 9253 | 9258 | 9263 | 9269 | 9274 | 9279 | 9284 | 9289
9299 | 9304 | 9309 | 9315 | 9320 | 9325 | 9330 | 9335 | 9340
9350 | 9355 | 9360 | 9365 | 9370 | 9375 | 9380 | 9385 | 9390

0400 (9405 | 9410 | 9415 | 9420 | 9425 | 9430 | 9435 | 9440
9450 | 9455 | 9460 | 9465 | 9469 | 9474 | 9479 | 9484 | 9480
9499 (9504 | 9509 | 9513 | 9518 | 9523 | 9528 | 9533 | 9538

9547 | 9552 | 9557 | 9562 | 9566 | 9571 | 9576 | 9581 | 9586

9595 | 9600 | 9605 | 9609 | 9614 | 9619 | 9624 | 9628 | 9633
9643 | 0647 | 9652 | 9657 | 9661 [ 9666 | 9671 | 9675 | 9630
9689 | 9694 | 9699 | 9703 | 9708 9718 | 9717 | 9722 | 9727

9917 9921 | 9926 9930 | 9934 | 9939 | 9943 | 9948 | 9952

W e ET O e OTOT e oY oo anonor o ROt SRS oS =1

1|/2|8|4|65(6|7 |89 |Dff




CARNEGIE, PHIPPS & CO., LIMITED.

NATURAL SINES, TANGENTS AND SECANTS,

Advancirig by 10 min.

r
|

Dq;:lm. Sine. Tanmt.-[&mnt. Degllm Sine, |Tangent. Secant.
O |00/ .0000 | .0000 (1.0000| 5 |00 | .0872 | .0875 |1.0038
10| .0029 | ,0029 | 1.0000 10 | .0001 | .0004 |1.0041
20 | .0058 | .0058 | 1.0000 20| .0920 | .0084 |1.0043
30| . ¥ 1.0000 30 | .0958 | .0963 |1.0046
40| 0116 | .0116 |1.0001 40 0992 | 1.0049
50 | .0145 | .0145 |1.0001 50 | .1016 | .1022 |1.0062
1/00| .0175 | .0175 [1.0002| 6 | 00| .1045 | .1051 |1.0055
10| .0204 | .0204 |1.0002 10| .1074 | .1080 |1.0058
20| .0233 | .0233 |1.0003 20| 1108 | .1110 |1.0061
30 | .0262 | .0262 |1.0003 80 | .1182 | .1139 |1.0065
40| .0201 | .0291 |1.0004 40| 1161 | .1169 |1.0068
50 | .0320 | .0820 |1.0005 50 | .1190 | .1198 |1.0072
2 ]100| .0849 | 0849 (1.0006| 7 |00 .1210 | .1228 |1.0076
10 0878 |1.0007 10 | .1248 | .1257 |1.0079
20 | .0407 | .0407 | 1.0008 20| .1276 | .1287 |1.0082
80 | .0436 | 0487 |1.0010 80 | .1805 | .1817 |1.0086
40 | 0465 | .0466 |1.0011 40 | .1834 | .1346 |1.0090
50 | 0494 | 0495 |1.0012 50 | .1368 | .1876 |1.0094
3100 0623 | .0524 1.0014| 8 |00 .1392 | .1405 |1.0008
10| 0652 | .0553 |1.0015 10| .1421 | .1485 |1.0102
20 | 0581 | .0582 |1.0017 20 | 1449 | .1465 [1.0107
80 | .0610 | .0612 |1.0019 80 | 1478 | .1495 |1.0111
40 | 0840 | .0641 |1.0021 40 | 1507 | 1524 |1.0116
50 | .0669 | .0670 |1.0022 50 | 1586 | .1554 |1.0120
4 |00 .0608 | .0699 (1.0024| © | 00| .1664 | .1584 |1.0125
10| .0727 | 0729 |1.0027 10| 1598 | .1614 |1.0129
20| .0756 | .0758 |1.0029 20 | 1622 | .1644 [1.0134
80 | .0785 | .0787 |1.0031 30 | .1650 | .1673 |1.0139
40| 0814 | .0816 |1.0033 40| 1679 | 1703 |1.0144
50 | .0%43 | .0846 |1.0036 50 | 1708 | .1783 [1.0149
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CARNEGIE, PHIPPS & CO., LIMITED.

NATURAL SINES, TANGENTS AND SECANTS.

(CONTINUED. )

it Al —
Deg. Min.| Sine. Tangent. Secant. | Deg. [Min.| Sine. |Tangent. Secant.
AL ___-' IS
10( 00 1796 | 763 |1ow4| 15| 00| 2588 | 2679 |1.0388
10| 1765 | .1793 | 1.0160 10| 2616 | 2711 |1.0361
20 1794 | 1828 1.0165 20| 2644 | 2742 |1.0369
30| 1822 | 1858 I1.017o 30| 2672 | 2773 [1.0877
40| [1851 | 1883 |1.0176 40| 2700 | 2805 | 1.0386
50 | 1880 | 1914 | 10181 50 | 2728 | 2836 |1.0304
11(00| 1908 | .1944 |1.0187| 18| 00| 2756 | 2867 |1.040
10| 1937 | 1974 |1.0193 10| 2784 | 2899 |1.0412
20 | 1965 | 2004 | 1.0199 90| 2812 | 2931 |1.0421
30 1994 | 2035 |1.0205 30| 2840 | 2062 |1.0429
10| 2022 | 2085 | 1.0211 40| 2868 | 2994 |1.0439
50| 2051 | 2095 |1.0217 50| 2206 | 3026 |1.0448
12|00 | 2070 | 2126 10298 | 1700 | 202 | 057 |1.0457
10| 2108 | 2156 |1.0230 10| 2052 | 3089 [1.0466
20 | 2136 | 2186 |1.0236 20 | 2079 | 3121 |1.0476
80| 2164 | 2217 |1.0243 30 | 3007 | 3153 [1.0485
40| 2193 | 2247 | 10249 40| (3035 | 3185 |1.049
50 | 2291 | 2278 |1.0256 50 | 3062 | 8217 |1.0505
13|00 | 2250 | 2809 [1.0263| 18| 00| 3090 | 3249 |1.0515
10 | 2278 | 2339 [1.0270 10| 3118 | .3281 [1.05%
20 | 2306 | 2370 | 10277 20 | 3145 | 3314 |1.05%
80 | .2334 | .2401 |1.0284 80| .3173 | .3346 |1.0545
40 2363 | 2432 |1.0291 40| (3201 | 3378 | 1.0655
50| 2391 | 2462 |1.0299 50 | 3298 | 3411 |1.0566
14|00 | 2419 | 2493 |1.0306] 19| 00| 8256 | 3443 |1.0578
10 | 2447 | 2524 [10314 10 | 3983 | 3476 |1.0587
20 | 2476 | 2555 |1.0821 20 | 3311 | 3508 |1.0508
80 | 2504 | 2586 |1.0329 30 | 3338 | .3541 [1.0608
40| 2532 | 9617 |1.03%7 40 | 3385 | 9574 |1.0619
50 | 2560 | 2648 |1.0345 50 | 3303 | 8607 |1.0631




CARNEGIB, PHIPPS & CO,, LIMITED,

NATURAL SINES, TANGENTS AND SECANTS.

(CONTINUED. )

L ; e r N
Deg. Min.| Sine. |Tangent. Secant. | Deg. Min.| Sine. iTangmL Secant.
20 | 00 | .3420 | 3640 |1.0042 | 25 00 .4226 | 4663 | 1.1034
10 | 3448 | 3673 |1.0653 10 | 4253 | 4690 [1.1049

20 | 3475 | 3706 | 1.0665 20 | 4279 | ATH [1.1064

80 [ 3502 | .3739 | 1.0676 30 | 4305 | 4770 | 1.1079

40 | 3529 | .8772 |1.0688 40 | 4331 | 4806 | 1.1095

60 | 8557 | .3805 | 1.0700 50 | .4358 | 4841 [1.1110

21 (00| .3584 | 3839 |1.0711 | 26 [ 00 | 4384 | 4877 |1.1126
10 | 8611 | .3872 | 1.0723 10| 4410 | 4913 |1.1142

20 | .3638 | .3906 | 1.0736 20 | 4436 | 4950 | 1.1158

30 | 3665 | 3939 | 1.0748 80 | 4462 | 4986 | 1.1174

40 | .3692 | .3973 | 1.0760 40 | 4483 | 5022 |1.1190

50 | 8719 | 4006 | 1.0778 50 | 4514 | 6069 | 1.1207

22 | 00| 3746 | 4040 |1.0785 | 27 | 00 | .4540 | 5005 [1.1223
10| 8773 | 4074 | 1.0798 10 | 4566 | 5182 | 1.1240

20 | .3800 | .4108 | 1.0811 20 | .4592 | 5169 |1.1257

80 | 3827 | 4142 | 1.0824 30 | 4617 | 5206 | 1.1274

40 | 3854 | 4176 |1.0837 40 | 4643 | 5243 | 1.1201

50 | .3881 | 4210 | 1.0850 50 | 4660 | .5280 |1.1308

23 [ 00 | .3907 | 4245 |1.0864 | 28 | 00 | 4695 | 5317 | 1.1326
10 | 8034 | 4279 | 1.0877 10 | 4720 | .5354 | 1.1343

20 | 3961 | 4314 | 1.0801 20 | 4746 | 5892 |1.1361

30 | 3987 | 448 | 1.0004 30 | 4772 | 5430 |1.1379

40 | 4014 | 4383 |1.0018 40 | 4707 | 5467 |1.1307
A041 | 4417 | 1.0082 50 | 4823 | 5606 | 1.1415

24 | 00| 4067 | 4452 |1.0946 | 29 | 00 | 4848 | 5543 | 1.1434
10 | 4004 | 4487 | 1.0061 10 | 4874 | 5681 |1.1452

20 | 4120 | 4522 | 1.0075 20 | 4809 | 5619 | 1.1471

80 | 4147 | 4557 |1.0089 30 | 4924 | 5658 (1.1400

40 | 4173 | 4592 | 1.1004 40 | 4950 | 6696 |1.1509

50 | 4200 | 4628 |1.1010 50 | 4975 | 6785 | 1.1528
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CARNEGIE, PHIPPS & CO., LIMITED.

NATURAL SINES, TANGENTS AND SECANTS.

(CONTINUED.)
I
Deg. Min.| Sine. \Tangent.| Secant. [ Deg. Min.| Sine. Tangent.| Secant.
30 |00 | .5000 | 5774 | 1.1547 | 85 | 00 | .5736 | .7002 | 1.2208
10 | 5025 | .6812 | 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
81 (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 | .55 | .6128 | 1.1728 30 | .5948 | .7400 | 1.2440
40 | 5250 | .6168 | 1.1749 40 | 597R | .7445 | 1.2467
50 | 5275 | .6208 | 1.1770 50 | 5995 | .7490 | 1.2494
82 (00| 5299 | .6249 | 1.1792 | 87 | 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
83 | 00 | .5446 | .6494 | 1.1924 | 38 | 00 | .6167 | .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
84 | 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 | .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. Min.| Sine. |Tangent.| Secant.
| 40| 00| 6428 | 8391 | 1.3054 | 45 | 00| 7071 | 1.0000 | 14142
: 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 | 13217 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 | 1.8852 30 | .7254 | 1.0538 | 1.4527

40 | 6643 | .8399 | 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
150 | 6799 | 9271 | 1.3636 50 | 77412 | 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 | 9485 | 1.3748 20 | 7470 | 1.1287 | 1.5042

30 | .6884 | .9490 | 1.3786 30 | 7490 | 1.1803 | 1.5092

40 | 6905 | 9545 | 1.3824 40 | 7509 | 1.1869 | 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 | %9770 | 1.3980 20 | 77585 | 1.1640 | 1.5345

30 | 7009 | 9827 | 1.4020 30 | 7604 | 1.1708 | 1.5398

40 | 7030 | 9884 | 1.4061 40 | 7628 | 1.1778 | 1.5450

50 | 7050 | .9942 @ 1.4101 50\ 7642 | 1.1847 | 1.5504

| j
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CUARNEGIE, PHIPPS & CO,, LIMITHED.

NATURAL SINES, TANGENTS AND SECANTS.

(CONTINUED.)

1 ! B
Deg. Min. &mkmmmhwm.m@um|mmtmmm&wn
| e |

50 | 00 | .7660 1.‘1918|l.555? 55 | 00 | 8192 |1.4281 1.7434

10 | .7679 1.1988!1.5611 10 | .8208 | 1.4370 | 1.7607
20 | .7698 12059|1.5368 20 | 8225 | 1.4460 | 1.7581
80 | .7716 | 1.2131 | 1.5721 30 | 8241 | 1.4550 | 1.7655

40 | .7785 | 1.2208 | 1.5777 40 | .8258 | 1.4641 | 1.7730
50 | .7753 | 1.2276 | 1.5833 50 | 8274 | 1.4733 | 1.7806

51|00 | .7771 | 1.2349 | 1.5890 | 56 | 00 | .8290 | 1.4826 | 1.7883
10 | 7790 | 1.2423 | 1.5948 10 | 8307 | 1.4919 | 1.7960
20 | 7808 | 1.2497 | 1.6005 20 | .8323 | 1.5013 | 1.8039

80 | .7826 | 1.2572 | 1.6064 1.5108 | 1.8118
40 | .7844 | 1.2647 | 1.6123 40 | .8355 | 1.5204 | 1.8198
60 | 7862 | 1.2723 | 1.6183 1.5801 | 1.8279

52 | 00 | .7880 | 1.2799 | 1.6243 | 57 8387 | 15399 | 1.8361
10 | .7898 | 1.2876 | 1.6303 8403 | 1.5497 | 1.8443
20 | .7916 | 1.2954 | 1.6365 8418 | 16597 | 1.8527

80 | .7934 | 1.3082 | 1.6427 1.5697 | 1.8612
40 | .7951 | 1.3111 | 1.6489 8450 | 1.5798 | 1.8699
50 | .7969 | 1.3190 | 1.6553 8465 | 15900 | 1.8783

53|00 | .7986 | 1.3270 | 1.6616 | 58 8480 | 1.6003 | 1.8871
10 | .8004 | 1.3351 | 1.6681 .8496 | 1.6107 | 1.8959
20 | .8021 | 1.3432 | 1.6746 .8511 | 1.6213 | 1.9048

30 | 8039 | 1.3514 | 1.6812 8526 | 1.6319 | 1.9139
40 | 8056 | 1.3597 | 1.6878 8542 | 1.6426 | 1.9230

zs%
552

g8 858
g

=8 Z&8 B=82

50 | 8073 | 1.3680 | 1.6945 8557 | 1.6534 | 1.9323
54|00 | 8000 | 1.376¢ | 1.7013 | 59 8572 | 1.6643 | 1.9416
10 | 18107 | 13848 | 1.7081 8582 | 1.6753 | 1.9511
20 | 8124 | 1.3934 | 17151 20 | .8601 | 1.6864 | 1.9606
30 | 8td1 | 14019 17924 30 | 8616 | 1.6977 | 1.9703
40 | 8158 | 1.4106 | 1.7291 40 | 8631 | 17090 | 1.9801
50 17205 | 1.9900

8175 | 14198 17362 |60 8646 | 1.
| }
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CARNEGIE, FHI

PPH & CO., LIMITHD,

NATURAL SINES, TANGENTS AND SECANTS.

(CONTINUED.)

Deg. Min.| Sine, 'Tangent. Secant. | Deg. |Min.| Sine. [Tangent.| Becant.
60 | 00 | .8660 | 1.7321 | 2.0000 [ @5 | 00 | .9063 | 2.1445 | 2.3662
10 | 8675 | 1.7437 | R.0101 10| .9075 | 2.1609 | 2.3811
20 | 8689 | 1.7556 | 2.0204 20 | .9088 | 2.1775 | 2.3961
30 | .8704 | 1.7675 | 2.0308 30 | .9100 | 2.1943 | 2.4114
40 | 8718 | 1.7796 | 2.0413 40 | 9112 | 2.2113 | .4269
b0 | .8782 | 1.7917 | 2.0519 50 | 9124 | 2.2286 | 2.4426
61 | 00 | .8746 | 1.8040 | 2.0627 [ @@ | 00 | .9135 | 2.2460 | 2.4586
10 | 8760 | 1.8165 | 2.0736 10 | 9147 | 2.2637 | 2.4748
20 | 8774 | 1.8201 | 2.0846 20 | 9159 | 2.2817 | 2.4912
80 | .8788 | 1.8418 | 2.0057 30 | 9171 | 2.2998 | 2.5078
40 | .8802 | 1.8546 | 2.1070 40 | 9182 | 2.3188 | 2.6247
b0 | .8816 | 1.8676 | 2.1185 50 | .9194 | 2.3360 | R.6419
62 |00 | .8329 | 1.8807 | 2.1301 | @7 | 00  .9205 |2.3559 | 2.5593
10 | 8843 | 1.8040 | 2.1418 10 | 9216 | 2.8750 | 2.5770
20 | .8857 | 1.9074 | .1587 20 | .9228 | 2.3045 | 2.5949
80 | .8870 | 1.9210 | 2.1657 30 | 9239 | 2.4141 | 2.6131
40 | .8884 | 1.9347 | 2.1786 40 | .9250 | 2.4342 | 2.6316
50 | 8897 | 1.9486 | 2.1902 50 | .9261 | 2.4545 | 2.6504
63|00 | .8910 | 1.9626 [ 2.2027 | 68 | 00 | .9272 | 2.4751 | 2.6695
10 | 8923 | 1.9768 | 2.2153 10 | .9283 | 2.4960 | 2.6888
20 | 8936 | 1.9912 | 2.2282 20 | 9208 | 2.5172 | 2.7085
30 | 8949 | 2.0057 | 2.2412 30 | .9304 | 2.5386 | 2.7285
40 | .8962 | 2.0204 | 2.2543 40 | 9815 | 2.5605 | 2.7488
50 | 8975 | 2.0353 | 2.2677 50 | .9825 | 2.5826 | 2.7695
64 (00 | 8988 | 2.0503 | 2.2812 | 89 | 00 | .9336 | 2.6051 | 2.7904
10 | 9001 | 2.0655 | 2.2049 10| 9346 | 2.6279 | 2.8117
20 | 9013 | 2.0809 | 2.3088 20 | .9356 | 2.6511 | 2.8334
30 | 9026 | 2.0065 | 2.3228 30 | .9367 2.6745 2.8556
'™ 140 | .9038 | 2.1123 | 2.3371 40 | 9377 | 2.6085 | 2.8779
50 | 9051 | 2,1283 | R.8515 b0 | .9387 | 2.7228 | 2.9006
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CARNHEGIE, PHIPPS & CO., LIMITHD.

NATURAL SINES, TANGENTS AND SECANTS,

(CONTINUED.)

Ta.ngent.|

|
Deg. H.m! Sine. Secant. | Deg. [Min. Sine. |Tangent.| Secant.
70 | 00 | 9897 | 27475 | 2.9238 | 75| 00 | 9659 | 8.7321 | 3.8637
10 | 9407 | 2.7725 | 2.9474 10 | .9667 | 8.7760 | 8.9061 |
20 | 9417 | 27980 | 2.9713 20 | 9674 | 3.8208 ama‘
30 | 9426 | 2.8230 | 2.9957 30 | 9631 | 3.8667 | 3.9939
40 | 9436 | 2.8502 | 3.0206 40| 9689 |3.9136 | 4.0394 |
50 | 9446 | 2.8770 | 3.0458 50 | 9696 | 3.9617 | 4.0859 |
71|00 | 9455 | 2.9042 | 3.0716 | 78 | 00 | 9708 | 4.0108 | 41336 |
10 | 9465 | 2.9319 | 8.0977 10 | 9710 | 4.0611 | 4.18%
20 | 0474 | 2.9600 | 3.1244 20 | 9717 | 4.1126 | 4.2824
|
80 | 9483 | 2.9887 | 8.1515 30 | 9724 | 4.1853 | 42897 |
40 | 9492 | 3.0178 | 8.1792 40 | 9730 | 4.2193 | 4.3862 |
50 | 9502 | 8.0475 | 8.2074 50 | 9737 | 4.2747 | 4.3901 |
72|00 | 9511 | 3.0777 | 32961 | 77 |00 | 97ad | 43315 | 4aans
10 | 9520 | 3.1084 | 3.2653 10 | 9750 | 4.3897 | 4.5022 |
20 | 9528 | 3.1397 | 3.2951 90 | 9757 | 44494 | 4.5604
30 | 9537 | 8.1716 | .3255 30 | 9763 | 45107 | 4.6202
40 | 9546 | 8.2041 | 3.3565 40 | 9769 | 4.5736 | 4.6817
50 | 9555 | 8.2371 | 3.3881 50 | 9775 | 4.6382 | 4.7448 |
78 |00 | 9563 | 8.2700 | 3.4203 | 78| 00 | 9781 | 4.7046 | 4.8007 |
10 | 9572 | 8.8052 | 3.4532 10 | 9787 | 4.7729 | 4.8765
20 | 9580 | 8.3402 | 3.4867 90 | 9793 | 4.8430 | £ 9452
30 | 9588 | 3.3750 | 3.5209 30 | 9799 | 4.9152 | 5.0159
40 | 9596 | 3.4124 | 35559 40 | 9805 | 4.9894 | 5.0886
50 | .9605 | 8.4495 | 3.5915 50 | 9811 | 5.0658 | b.1636
74|00 | 9613 | 3.4874 | 3.6280 | 79 | 00 | 9816 | 5.1446 | 5.2408
10 | 9621 | 8.5261 | 3.6652 10 | 9822 | 5.2257 | 5.8205
20 | 9628 | 3.5656 | 3.7032 90 | 9827 | 5.3093 | 5.4026
30 | 9636 | 8.6059 | 3.7420 30 | .9833 | 5.3955 | 5.4874
40 | 9644 | 8.6470 | 3.7817 40 | 9838 | 5.4845 | 55749
50 | 9652 | 3.6801 | 3.8222 50 | 9848 | 55764 | 5.6653
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CARNEGIE, PHIPPS & CO., LIMITHD.

NATURAL SINES, TANGENTS AND SECANTS.

Deg.
80

81

(CONTINUED.)

i, [Tangent. Secant. | Dog. Min.| Sine. [Taugent | Secaat
948 | 5.6718| 5.7588 85| 00| 9982 | 11430 | 11474
9353 | 5.7694 58554 10| 9964 | 11826 | 11.868
9858 | 5.8708| 5.9554 20 | 9967 | 12251 | 122901
9868 | 5.9758 6.0589 30 | 9969 | 12706 | 12745
9868 | 60844 6.1661 10| 9971 | 18197 | 132%
9872 | 6.1970| 62772 50 | 9974 | 18727 | 13.763
9877 | 63138 6.3925 | 86 | 00| 9976 | 14.301 | 14.336
9881 | 6.4348| 65121 10 | 9978 | 14.9%4 | 14.958
9836 | 65606/ 6.6363 20 | 9980 | 15.605 | 15.637
9890 | 6.6912| 6.7655 %0 | 9981 | 16350 | 16.3%0
9894 | 65269 6.8998 40 | 9983 | 17169 | 17.198
9809 | 6.9682 7.0396 50| 9985 | 18.075| 18.108
9008 | 7.1154| 7.1858 | 87 | 00 | 9988 | 19.081| 19.107
9907 | 7.2687| 7.3872 10 | 9988 | 20206 | 20.230
0011 | 7.4987| 74957 20 | 9989 | 21470 | 21494
9914 | 75958) 7.6618 30 | 9990 | 22.904 | 22.928
9918 | 7.7704| 78344 40 | 9992 | 24542 | 24562
10992 | 7.9530/ 80156 50 | 9903 | 261432 | 26.451
9025 | 8.1448| 82055 | 88 | 00 | 9994 | 28.638 | 28.654
19929 | 8.3450| 8.4047 10 | 9995 | 81242 | 81258
0982 | 8.5555! 8.6138 20 | 9996 | 34363 | 34,382
9936 | 8.7769| 88387 30 | 9997 | 38.188 | 38.208
9939 | 9.0098| 9.0652 40 | 9097 | 42.964 | 42.978
‘9042 | 92553| 0.3002 50 | 9998 | 49104 | 49114
9045 | 9.5144| 95663 | 89 | 00| 9908 | 57.290 | 57,200
9048 | 07882 98891 10| 9999 | 68750 | 68757
9951 |10.0780 101275 20 | 9999 | 85.940 | 85.946
9954 |10.3854 /10,4334 30 | 1.0000 114,589 | 114,598
9957 |10.7119(10.7585 40 | 10000 |171.885 | 171,888
9959 |11.0504/11.1045 50 | 10000 343.74 | 343775

90 | 00 | 1.0000 | Iufinite. | Infinite.
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CARNEGIE PBHIPPS & CO., LIMITED.

SQUARES, CUBES AND RECIPROCALS.

Bon | Squares.|  Qubes, Reciprocals, | Nos. | Squares, | Cubes, | Resiprocals.
1 1 11000000000 | 51| 2601| 132651 019607843
;] 4 £ 600000000 | 52| 2704 140 608 | 01920769
3 9 27| .333834833 | 53| 2800| 148877 .018867925
i 18 61 .250000000 | 54| 2016| 157 464 | 018518519
b b 125| .200000000 | 65| 8025 166 75| .018181818
L] 35 214 | . 168608667 56| 3186 175616 | 017857148
7 49 843| (142857143 | 57| 5249| 185 198| 017543860
8 64 512 | 12 58| Bs364| 195113) 017241579
] 81 720 | .111111111 bo| B481 205 379 | 016919158
10 100 1000] . 60| 8600 216 000! .016666667
11 111 1 381 | . 090000001 6] w2 226 BS1 | 016303443

144 1728 | 083948338 62| 8844 238 i8] 010120083 |

13 169 2107 | 076623077 | 63| B960| 250 047 015873016 |

106 2744 | 071428571 64| 4096 262 144 | 015625000 |
2% 8375 | 066666667 06| 4225 2714635 |

256 4008 . 66| 4356 237 496 | 015151515
289 4013) 058828520 | 67| 4480| B.0763|.014825373
824 5833 | 0555635 08| 4R24| 814482( 014705882
361 6550 | 052631570 60| 4761 328 500 | 014402754
400 8000] . 70| 4800 343 000 | .014285714

21 441 0201 | 047610048 71| 604z 857 911 | ,0140R4507
F 484 10648 | 045451545 | 72| 5184 873218 | .0135858889
28 529 12167 | 063478200 | 73| 5320 859017 | .013608630
b 576 13824 | 041066667 | 74| B476| 40524 | 013513514
L 625 15625 . 76| 66i6| 421875].

20 876 17576 | 038401538 ™| 5TTE 433 076 | 018
£ 720 10 683 | 037087087 | 02 4606 513 | 012087013
28 784 21952] .085714286 | 78| 6084| 474 552| 012820513
2 841 24389 | 034482750 | TO| 6241 403 039 | 012058228
3 900 27000 | 033333335 | 80| 6400 512 000 | 01 2500000
81 961 27 . 81| 6561 531 441 | .01
a2 10 24 $2768| 041250000 | 82| 6724 551 368 | 012105122
33 | 1089 85037| .08308080 | 83| 68:8| 571 787| 012048108
341 1156 808304 | 020111765 | ®4| 7056| 502704 | 011904762
5 1235 42875 028571429 | 8&| T B 614 125 | 011764706
36 12906 46 650 | 02777778 86| 7306 836 066 | . 011627007
aT 13 69 50 653 | 027027027 87| 7569 658 508 | 011404258
83| 1444 51872| .026315780 | 88| 7744| 681472| 011363636
80| 1621 50310 025641026 | 80| 7921 1 960 | 011235855
40 16 00 64000 | 025000000 | 90| BLOO 720000 | 011111111
41 16 81 68021 ) 024300244 | 91| 8281 571| .010880011
42 | 17 64 74088 | 023800524 | 92| B464| 778688 010860565
43 | 1848 79507 | 023235814 | 93| B6 40| 804 857 | 010762088
H 10 36 85184 | 0227773 | 94| 8386 £30 584 | .010638208
4| 2025 0L125| 022220022 | 85| W2H 857 876 | 010626316
46 2116 §7338) 071789130 | 06| 0216 £84 738 | 010416067
47 | 2209 103828| 021276600 | 97| 9408| 912673 .

48 | 2804| 110592| 020483333 | 98| 9604 941102] OlRO40S2 |
49 | 2401| 117640| 020408163 | HB| 9S0L( 070280(.010101010 |
801 2500 125000 ' 020000000 ' 100'1 0000 1000000 010000000
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CARNEGIE, PHIPPS & CO., LIMITED.

SQUARES, CUBES AND RECIPROCALS—CONTINUED.
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CARNEGIE, PHIPPS & CO., LIMITED.
SQUARES, CUBES AND RECIPROCALS—CONTINUED.
Nos, | Squares, | Cubes. Reciprocals, | Nos. | Squares. |  Cubes, Rociproeals,
401 | 16 08 01 | 64 481 201 | .002403766 | 451203401 | 91738 851 | 002217295
402 | 16 16 04 | 64 964 808 | .002487562 | 45220 43 04 | 92 345 408 | 002212389
403 | 16 24 00 | 65 450 827 | 002481390 | 453 | 20 5209 | 92 950 677 | 002207508
404 | 16 52 16| 65 929 264 | 002475248 | 454 | 20 61 16 | 93 576 604 | 002202643

16 40 25 | 66 430 125 | 002460136 | 455 (207025 | 94 196 375 | 002197802
1648 36| 66 923 416 | . 0024 4562079 36| 94 818 816 | 002192082
407 | 16 56 49 | 67 419 143 | 002457002 | 457 |20 88 40 | 95443903 | .
408 | 16 64 64 | 67 017 312 | .0024 458 | 20 97 64 | 96 071 912 | ,002183406
400 |18 7281 | 68 417 920 | 002444088 | 450 | 21 06 81| 96 702 570 | .0021
410 | 18 81 00 | 68 921 000 . 460 | 2116 00 97 336 000 | .002173013
4111689 21 | 69 426 531 | . 461(212521 | 97972181 | . 107
412 |18 97 44 | 60 934 528 | 002427181 | 462 |21 34 41| 98 611 128 | 002164502
413 |17 05 69 | 70 444 997 | 0021 40321 43 69| 99252 847 |,
414 |17 1308 | 70 957 044 | 002415450 | 464 [ 21 52 96| 99 807 344 | 002155173
415172225 | 71478875 . 465 |21 62 25 | 100 544 625 | .
416 |17 30 56 | 71 991 208 | 002403846 | 466 | 21 71 56 | 101 104 606 | .002145023
417 |17 88 80 | 72611 713 . 467 | 21 80 89 | 101 847 563 | . 0021
418 | 17 47 24 | 73 034 632 | 002392344 | 468 | 21 90 24 [ 102 503 232 | . 002186752
419 |17 55 61 | 73 560 039 | 002386635 | 469 | 21 99 61 | 108 161 700 | 002132196
420 | 17 64 00 | 74 088 000 | 002380052 | 470 | 22 09 00 | 103 823 000 | .002127660
421 (177241 | 74618461 | . 471 |22 18 41 | 104 487 111 | 002128142
422 |17 80 84 | 75 151 448 | .002360668 | 472 [ 22 27 84 | 105 154 002118644
423 | 17 89 29 | 75 686 967 | . 473 |22 87 29 | 105 823 817 | . 002114165
424 |17 9776 | 76 225024 | 002358401 | 474 | 22 46 76 | 106 406 424 | ,002100705
425 | 18 0625 | 76 765 625 | . 475 | 22 56 25 | 107 171 875 | .002105263
[+
426 |18 1476 | 77 808 776 | 002347418 | 476 | 22 65 76 | 107 850 176 | .002100810
42711823 77 854 488 | 002341920 | 477 | 22 75 20 | 108 531 833 | 002006186
423 | 18 31 84 | 78 402 752 | . 0023364 478 |22 84 84 (109215 852 | |
429 | 18 40 41 | 78 053 589 | .002331002 | 470 | 22 94 41 | 100 802 239 | . 002087683
430 | 184900 | 79507 000 | . 480 | 28 04 00 | 110 592 000 | . 002083333
431 | 18 57 61 | 80 062 991 | 002320186 | 481 |23 18 61 ( 111 284 641 | . 002078002
432 | 1866 24 | 80 621 568 | 002314815 | 482 | 2323 24 | 111 080 168 | 002074689
433 | 1874 89 | 81 182 787 | .002300460 | 485 | 23 82 89 | 112 678 587 | 0020703053
494 | 1883 50 | 81748 504 | 002304147 | 484 |28 42 56 | 113 370 004 | . 002066116
435 | 1802 25 | 82 312 875 | 002208851 | 485235225 |11 125 | ,0020618568
436 |19 00 96 | 82 881 856 | .002203578 | 486 | 28 61 96 | 114 791 256 | 002057613
437 [ 19 00 69 | 83 453 453 | .002288330 | 487 | 23 71 60 | 115 501 002
439 | 10 18 44 | 84027 672| .002283105 | 488 | 23 81 44 | 116 214 272 | 002049180
19 27 21 | 84604 519 | .002277004 | 480 |28 01 21 | 116 630 169 | .
410 | 10 36 00 | 85 184 000 .002272727 | 400 | 24 01 00 | 117 649 000 | 002040815
441 |10 44 81 | 85766 121 | .002267574 | 491 |24 10 81 | 118 370 771 | 002036660
442 | 10 53 64 | 86 350 888 | 002262443 | 402 | 24 20 64 | 118 095 488 | 002072520
445 | 19 62 49 | 86938 307 | .002257336 | 493 | 24 B0 40 [ 119 823 157 | 002023398
444 |10 71 86 | 87 528 894 | 002252252 | 494 | 24 40 36 | 120 553 002024201
4145|1980 25 | 88121125 002247191 | 495 | 24 50 25 | 121 287 875 | 002020202
4461980 16| 88 716 536 | .002242152 | 406 | 24 60 16 023 936 | .002016129
447 (1993 00 | 89 314 623 | .002237136 | 497 | 24 70 0 | 122 763 478 | ,002012072
448 120 07 04 | 89 915 302 | 002232143 | 408 | 24 80 04 | 123 505 902 | . 002008032
449.|201001 90 518 849 | 002227171 | 499 | 24 90 01 | 124 251 490 | 002004008
45012025 00/ 91 125 000 | 002222222 | 500 ' 25 00 00 ! 125 000 000 002000000
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ARNEGIE, PHIFPS & CO,, LIMITED

= = 1

SQUARES, CUBES AND RECIPROCALS—CONTINUED.

Nos. | Squares. |  (Cubes. Rociprocals, | Nos, | Squares, Oubes. Reciprocals,
501 (251001 561 30 36 01 | 167 284 151 | .001814882
502 | 25 20 04 001992082 | 552 | 80 47 04 | 168 196 608 | ,001811564
508 | 25 80 00 553 | 80 58 09 | 109 112 877 | 001808318
504 | 25 40 168 001954127 | 554 | 30 69 16 | 170 031 464 | . 001805054
505 | 25 50 25 555 | 30 80 25 | 170 953 875 | 001801802
506 | 25 60 36 001076285 | 556 | 30 01 86 | 171 879 616 | 001798561
507 | 25 70 49 001972387 | 557 | 81 02 49 | 172 808 693 | 001795332
508 | 25 80 64 001968504 | 559 | 31 13 64 | 178 741 112 | , 001792115
509 | 25 90 81 001964637 | 550 | 81 24 81 | 174 676 870 | 001788009
51026 01 00 560 | 31 86 00 | 175 616 000 | .001785714
511261121 561 | 31 47 21 | 176 558 481 | 001782581
512 |26 21 44 001953125 | 562 | 31 58 44 | 177 504 528 | 001779350
513 | 26 51 69 001940818 | 563 | 31 69 69 | 178 458 547 | 001776109
514 | 26 41 96 001945525 | 564 [ 31 80 96 | 170 408 144 | .001773050
516 | 26 52 25 748 | 565 |31 92 25 362 125 | 001760012
516 | 26 62 56 001987084 | 566 | 32 03 56 | 181 821 406 | . 001766784
517 |26 7289 001934236 | 567 | 32 14 89 | 182 284 263 | .001763668
518 | 26 83 24 001980502 | 568 | 32 26 24 | 183 250 432 | . 001

510 | 26 93 61 001926782 | 560 | 32 87 61 | 184 220 009 | 001757460
520 | 27 04 00 001923077 | 570 |32 49 00 193 001
5212714 41 001919386 326041 | 186 189 411 | .00175131%
562227 24 84| 1 001915708 | 572 | 3271 81| 187 149 248 | .001748252
523 |27 8520 | 1 001912046 3283 29| 188 132 517 17

524 |27 4576 001908397 | 574 | 32 04 76 | 189 119 224 | .001742160
52527 566 25 001904762 5 | 33 06 25 | 190 109 875 1

526 | 27 66 76 001901141 | 576 |33 1776 | 101 102 976 | .001736111
6T | 2TTT 29 1867533 | 677 |33 29 29 | 192 100 033 | . 001733102
27T BT 84 001893930 | 578 | 33 40 84 | 193 100 552 | 001

529 | 27 98 41 001800350 | 670 (83 52 41| 194 104 539 | 001727116
530 |28 08 00 001886792 | 580 | 33 64 00 | 105 112 000 | 001724138
531 |28 190 61 001283239 | 581 |33 75 61 | 196 122 941 | ,001721170
532128 80 24 001870609 | 582 | 33 87 24 | 197 137 868 | . 001718218
633 |28 40 89 001876173 | 583 | 53 08 80 | 108 155 287 | .001715266
534 | 28 51 56 | 1 1872650 | 584 |84 1050 | 199 176 001712320
535 |28 6225 001860159 | 585 |84 2225 201 001708402
536 (2372 96 865672 | 586 | 34 33 96 001708485
537 | 28 83 69 001862107 | 587 | B4 45 69 708578
5381289444 |1 1858736 | 588 | 8157 44 001700680
539 (20 05 21 001855288 | 5689 | 34 69 21 001697793
540 |29 16 00 001851852 | 590 | 348100 001694915
541 | 20 26 81 1848420 | 591 |34 9281 001692041
51220387 64 | 1. 001845018 | 592 | 85 04 64

543 | 20 48 49 851649

544 |20 50 36 | 1 35 28 36

5452970 25 854025

546 | 29 81 18 ?55216

BIT |29 0209 3584 00

5481300304 |1 857604

540 | 30 14 0L 358801

550180250011 86 0000
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CARNEGIE, PHIFPS & 0O0., LIMITED.

* SQUARES, CUBES AND RECIPROCALS—CONTINUED.
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CARNEGIE, PHIPPS & CO,, LIMITED.

SQUARES, CUBES AND RECIPROCALS—CONTINUED.

Kos, | Squares, Cubes, Regiprocals, | Nos, | Squares, Cubes, Reciprocals,
801 | 64 18 01 | 513 922 401 |.0012484%9 | 851 | 72 42 01 | 616 205 051 |, 001175083
802 | 64 82 04 | 515 849 608 | 001246883 | 852 | 72 50 04 | 618 470 208 |, 001173700
803 | 64 48 00 781 627 | 001245430 | 853 | 72 76 08 | 620 850 477 |. 001172333
804 | 64 64 16 | 510 718 464 | 001243781 | 854 | 72 03 16 | 622 815 864 [ 001170060
805 | 64 80 25 | 521 660 001242236 | 855 | 73 10 25 | 625 026 875 |. 001160591
806 | 64 96 34 | 523 606 616 |.001240685 | 856 | T3 27 86 | 627 222 016 |. 001169221
807 | 65 12 49 | 5.5 557 943 |. 001239 857 | 78 44 49 | 620 422 793 |, 001168561
B80S | 6523 64 | 527 514 112 |.001237624 | 858 | 78 61 64 | 631 628 712 | 001165501
809 | 65 44 81 | 520 475 129 [.001236004 | 850 | 74 78 81 | 633 839 779 |, 001164144
810 [ 65 61 U0 | 531 441 000 |, 001234568 | 860 | 73 96 00 | 636 066 000 |. 001162701
B11 | 6577 21 | 533 411 731 | 3046 | 8641|7413 21 277 281 |. 001161440
812 | 65 93 44 | 535 387 529 |. 001231527 | 862 | 74 80 44 | 640 5U3 923 | 0O11600US
£13 | 66 09 69 | 537 867 797 | 001230012 | 863 | 74 47 60 | 642 T35 617 |, 001158740
814 | 66 25 96 | 530 853 144 | 001228501 | 844 | 74 64 96| 641 972514 |. 001157407
815 | 6642 25 | 541 843 375 |, 001226004 | 865 | 74 82 25 | 647 214 625 |, 001156069
‘816 | 66 53 56 | 543 338 496 |.001225400 | 866 | 74 99 56 | 649 401 896 | 001154734
817 | 66 74 89 | 545 338511 | 001223980 | 867 | 75 16 80 | 631 T14 163 | 001153403
818 | 66 01 24 | 547 343 432 | 001222404 | 868 | 75 84 24 | 653 072 032 |, 001152074
819 | 67 07 61 | 549 353 258 |, 001221001 | 869 | 75 51 61 | 656 234 900 | 001150744
820 | 67 24 00 | 551 368 000 |.001219512 | B70 | 75 69 00 | 658 503 000 |, 001149425
‘821 | 67 40 41 | 553 887 661 |.001218027 | 871 | 75 86 41 | 660776 311 |. 001148106
822 | 67 56 84 | 555 412 248 | 001216545 | 872 | 76 08 84 | 6653 054 848 | 0011467F0
823 | 67 78 20| 557 441 767 | 001215067 | 873 | 76 21 29 | 665 838 617 |. 001145475
824 | 67 80 76 | 550 478 224 |.001213502 | 874 |76 38 76 | 667 627 624 |, 001144165
825 | 68 06 25 | 561 515 625 |.001212121 | 875 | 76 56 25 | 660 021 875 |. 001142557
826 | 68 2276 | 568 559 076 |, 001210654 | 876 | 76 73 76 | 672 221 376 |. 001141553
827 | 63 30 29| 565 600 243 |, 001209100 | 877 | 76 81 20 | 674 525 133 |, 001140251
828 | 63 55 B4 | 567 663 552 |. 001207720 | K78 | 77 08 84 | 676 816 152 | 001138952
=20 | 68 72 41 | 560 722 T8O | 001206273 | 879 | 77 26 41 | 679 151 439 | 001137656
830 | 63 89 00 | 571 787 000 |.001204810 | 880 (77 44 00 | 681 472

‘B31 | 60 05 A1 | 573 856 191 | 001 881 | 77 61 61 | 683 797 841 |.001135074
832 | 69 22 24 | 575 130 368 | 001201023 | 892 |77 7D 24 | 646 128 98 |, 001133767
837 | 69 38 80 | 578 009 537 | 001200480 | 883 | 77 H6 8O 465 387 |, 001132503
834 | 60 55 56 | 530 083 TU4 | 001199041 | 884 | 78 14 56 | 600 80T 104 | . 001131292
835 | 69 72 25 | 582 182 875 |. 001197605 | 885 |78 3225 154 001120944
890 | 69 88 96 | 584 277 056 |,001196172 | 886 | 78 40 06 508 456 | . 001128668
857 | 70 05 69 | 586 876 253 |, 001194743 | 887 | 78 67 60 | 697 864 108 |. 001127306
838 | 7022 41 | 548 480 472 |,001193317 | 888 | TH 85 44 | 700 237 074 |, 001126126
B30 | 70 39 21 | 580 580 719 | 001191895 | 888 | 79 03 21 | T02 585 360 . 001124850
24070 56 00 | 592 704 000 |, 001190476 | 800 | 79 2L 00 | 704 969 000 | 001123506
841 (7072 81 | 594 823 821 | 001189061 | 801 | 79 38 81 | 707 347 071 |, 001122334
B42 |70 89 64 | 506 947 683 | 001187648 | 892 [ TO 56 64 | T09 732 288 |, 001121076
843 |71 06 49 | 599 07T 107 | 001136240 | 893 [ 70 74 40 | 712 121 957 |, 001119821
814 | 71 23 85 | 601 211 584 | 001184834 | 804 | 79 92 56 | 714 516 084 | 001118568
845 | 7L 40 25 | 603 851 125 |, 001183432 | 895 | 80 10 25 | 716 917 375 |.001117318
846 | 71 57 16 | 605 485738 | 001182033 | 808 [ 80 28 16 | 719 527 136 | . 001116071
B4T |71 74 09 | 607 645 423 |, 001180638 | 847 | 80 46 00 | 721 751 273 | 001114827
848 | 7L 0L 04 | 600 800 192 |.001179245 | BOS | 80 61 04 | 724 150 792 | . 001113586
849 [ T2 08 01 | 611 960 040 |, 001177856 | 869 | 80 82 01 | 726 572 600 |, 001112547
8501722500 | 614 125 000 1001176471 1 900 } 81 00 Ou | 720 000 000 001111111

[
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CARNHGIE,

PHIPPS

, LINITED,

SQUARES, CUBES AND RECIPROCALS—CONTINUED.

Nos. | Squares, Cubes. Reciprocals. Cubes. | Rociprocals.
91 {8118 01 7314%3-:01 001109878 00 44 01 | 860 085 351|. 001051525
H02 | 81 36 G4 | 753 870 BOS | . 001108647 00 63 04 | 86:2 801 408/, 001050420
904 | 81 5409 30314827 001107420 90 8200 | 865523 177/.001049818
904 | 81 72 16 | 738 763 264 |. 001106195 01 01 16| 868 250 664, 001048218
905 | 81 90 25 7&131702) 001104072 01 20 25| 870 983 875 001047120
006 | B2 08 36 | 748 677 416 |.001108753 01 89 86| 873 722 816/, 001046025
007 | 82 26 40 | 746 142 643 | 001102536 9158 49 | 876 467 001044932
008 | B2 44 64 | 748 613 812, 001101322 8177 64| 879217 1043541
009 | B2 82 81 | 751 089 429 |, 001100110 91 96 81 | 831 974 001042753
| 010| 82 81 00 | 758 571 000 |.001088901 021600 | 834736 001041667
8209 21 | 756 058 031 |, 001007605 028521 | 887 503 001040683
83 17 44 | 758 550 528 |, 001096401 02 54 44| BOO 277 001038501

83 85 69 | THL 048 407 1085260 09273 69| 893 056 001088422

B3 53 06 | 763 551 044 |, 001004002 029296 | 895 841 001087344
8372 25| 766 060 875 031225 598632 001036260

83 00 56 | 768 575 206 |, 001001703 03 31 56 | 901 428 696|. 001085197

84 08 89 | 771 085 213 |, 001090513 03 50 80 | 904 231 063], 001054126

84 27 21| 773 620 632 |, 001089325 93 70 24 | 907 (89 001083058

84 45 61 | 776 151 559 |, 001088139 03 B9 61| 009 853 001031682

84 64 00 | 778 688 000 |, 001086957 $40900| 912673 001080028
84 82 41 | 781 229 061 |. 001085776 4 28 41| 915 498 611). 001029866
8500 84 | 784 777 48|, 001084590 4784 430 001028807

85 19 20 | 786 330 467 | 001083423 4 67 20| 921 167 817, 01027749
B5 87 76 | 788 889 024 |.001082251 94 8676 | 924 010 424001026604

85 56 25 | 791 453 125 |, 001081081 050625 | 026 859 875/, 001025041

B3 7476 022 776 | 001079014 0525 76| 929 714 176/.001024590
8593 20 | 706 507 984 | . 001078740 854520 | 932574 001023541

86 11 84 | 799 178 752|.001077586 95 64 84 | 035 441 8521 001022495
86 30 41 | 801 765 089 | .001076426 0584 41| 938 813 001021450

86 49 00 | 804 357 000 |, 001075269 0604 00| 041102 1020408

86 67 61 | 806 954 491 | 001074114 06 29 61 | 944 078 141). 001010368

86 86 24 | 809 557 568 | . 00172961 06 43 24 | 946 066 163, 001018850
8704 B9 | 812 166 2437 | 001071811 06 62 80 | H49 8642 0x7). 001017204

87 23 56 | 814 T80 504 |, 00107 D3 8256 | 952 763 O4|. 001016260

B7 42 25 | K17 400 875 | . 001068510 0702 25| 955 671 625(. 001015228

87 60 96 | 820 025 856 | 001068376 07 21 06 | 958 535 256, 001014199

87 79 69 | 822 656 953 | . 001067236 07 41 69 | D61 504 001018171

87 08 44 | 825 203 672001066008 97 61 44 | 964 430 001012146

88 17 21 | 827 936 019 |, 001064063 07 81 21 | 947 361 6891, 001011122

88 36 00 | 830 584 000 |. 001063830 98 01 00| 970 299 000, 001010101

83 54 81 | 833 237 621 |. 001062600 08 20 81 | 973 242 271|, 001000082

88 73 01| 835 596 888 |, 001061571 08 40 64 | 976 191 458], 001008065

B8 02 40 | 838 561 BOT | 001060445 08 60 40 | 970 146 657 001007040

80 11 56 | 841 232 854 |, 001050522 93 B0 86 | 982 107 784|, 001006036
89 80 25 | 843 DU8 625 |. 001058201 0900 25 | 985 074 875(. 001006025

£9 49 16 | 840 590 536 | . 001057082 002016 | 988 047 934 001004016

89 63 0 | 849 278 123 | 001055066 0940 08 | 991 026 673,00 1005008

89 87 4 | 851 671 892, 2 09 60 04 | 994 011 H02 . 001002004
00 08 01 | 854 670 349 | 001069741 66 80 01 | 997 002 99| . 001001001
90 25 00 | 857 875 000 1,001 00 00 00 11000 000 000!, 001000000




CARNEGIE,

PHIPPS & CO., LIMITED.

DECIMALS OF A FOOT FOR EACH j; OF

AN INCH.
Inch 0,, 1’1‘ 2’/ a’f
0 o | .0833 | 1667 | 2500
J | 0013 | .0846 | .1680 | 2513
W | 0026 | .0859 | 1693 | 2526
% | 0039 | 0872 | 1706 | 2539
W | 0082 | .0885 | 1719 | 2552
5 | .0085 | .0898 | 1732 | .2565
% | 0078 | 0911 | 1745 | 2578
¥ | 0091 | .0024 | 1758 | 2591
i | 0104 | 0037 | 1771 | 2604
o | 0117 | 0951 | .1784 | 2617
* | .0180 | .0964 | 1797 | .2630
il | 0143 | J0977 | 1810 | .2643
% | o156 | .0990 | .1823 | 2656
11 | 0169 | .1003 | .1838 | 2669

| 0182 | 1016 | .1849 | 2682
it | 0195 | ;1029 | 1862 | 2695
1 | 0208 | .1042 | .1875 | 2708
17 | .0221 | .1055 | .1888 | 2721
¥ | 0234 | 1068 | .1901 | .2734
it | 0247 | 2081 | 1014 | 2747
W | 0260 | 1094 | 1927 | 2760
21 | 0278 | .1107 | 10940 | 2773
| 0288 | .1120 | .1953 | 2786

| 0299 | 11133 | 1966 | 2799
¢ | 0312 | .1146 | 1979 | 2812
23 | 0826 | .1159 | 1992 | .2826
0339 | 1172 | 2005 | .2839

1 | 0352 | 1185 | 2018 | .2852
7 | 0365 | .1198 | 2031 | 2865
0378 | 1211 | 2044 | 2878
0891 | 1224 | 2057 | 2891
10404 | 11237 | .2070 | 2004

} | .0417 | 1250 | 2083 | 2017

4)/

3333

33486
.3359
3372
.3385

.3398
8411
3424
3437

3451
.3464
8477
3490

.3503
3518
3529
.3542

3555
.3568
.3581
3504

3607
.3620
3633
.3646

.3659
.3672
.3685
.3608

3711
3724
8737
3750

L e e

5/)

4187

4180
4193

4219
4232

4958
4271

4284
4297

4310
4323

4336
4349
.4362
43756

4388

4414
4427

4453
4466
4479

4492
4505
4518
45631

4544
4557
4570
4583

313



CARNEGIE,

PHIFPS & CO., LIMITHD.

DECIMALS OF A FOOT FOR EACH ;; OF

—

8’

-5000

-5013
.5026
5039
.5052

5085
.5078
5001
5104

5117
-5130
‘5143
.5156

5169
5182
5195
5208

5221

.5247
5260

5273
5286
5209
.5312

53268
5339
5352
.5365

5378
5391
5404

5417

AN INCH.

7}} i 8»‘/ Bff ‘I 10/! 11)}
.5833 | .6687 | .7500 | .8333 | .0187
.5846 | .6680 | .7513 | .8346 | .9180
5859 | .6693 | .7526 | .83590 | .9193
5872 | .6706 | .7539 | .8372 | .9208
5885 | .8719 | .7552 | .8385 | .9219
5898 | .8732 | 7565 | .8398 | 9232
5911 | .6745 | .7578 | .8411 | .9245
5924 | .6758 | .7591 | .8424 | 9258
5937 | .8771 | .7604 | .8437 | 9271
5951 | .6784 | 7617 | .8451 | .9284
5964 | .8797 | .7630 | .8464 | 9297
5977 | .6810 | .7643 | .8477 | .9310
5990 | .6823 | .7656 | .8490 | .9323
8003 | .6836 | .7669 | .8508 | 9336
8016 | .6849 | 7682 | 8518 | .9349
.8029 | .6862 | .7695 | .8529 | .9362
.8042 | .6875 | 7708 | .8542 | .9375
8055 | .6888 | .7721 | .8556 | .9388
8068 | .6901 | .7734 | .8568 | 9401
.8081 | 8914 | .7747 | .8581 | .9414
8094 | .6927 | .7760 | .8594 | .9427
6107 | .6940 | 7778 | .8607 | .9440
6120 | .6953 | 7786 | .8620 | .9453
6133 | .6986 | .7799 | .8633 | .94686
6146 | .6979 | 7812 | .8648 | 9479
.6159 | .6992 | .7826 | .8659 | .9492
8172 | 7005 | .7839 | .8672 | .9505
8185 | .7018 | .7852 | .8685 | .9518
6198 | .7031 | .7865 | .8608 | 9531

.
.6211 | 7044 | .7878 | .8711 | .9544
6224 | 7057 | .7891 | .8724 | .9557
6287 | 7070 | .7904 | .8737 | .9570
6250 | 7083 | .7917 | .8750 | 96583
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CAR PP ( LIMI
DECIMALS OF A FOOT FOR EACH j OF
AN INCH.

Inch. Ol! 1!’! 2!4' 3/( 4/! 5’!

| ey
g 32 | .0480 | .1263 | .2098 | 2930 | .3763 | 4598
1 .0443 | .1278 | .2109 | 2043 | .8776 | .4609
35 | 0456 | .1289 | 2122 | 2056 | .3789 | .4622
S | .0469 | .1802 | 2135 | .2969 | .2802 | .4635
0482 | .1315 | .2148 | .2982 | .3815 | 4648
15 | 0495 | 1328 | .2161 | .2995 | .3828 | .4661
] .0508 | .1341 | .2174 | .3008 | .3841 | .4874
¢ |.0521 |.1354 | 2188 | .3021 | .3854 | .4688
4 0534 | .1387 | .2201 | .3034 | .3867 | .4701
il | .0547 | .1880 | .2214 | .3047 | .3880 | 4714
1 .0560 | .1393 | 2227 | .3060 | .3893 | .4727
11 | .0578 | .1408 | .2240 | .3073 | .3903 | .4740
4: | .0586 | .1419 | 2253 | .3086 | .3919 | 4753
. | .0599 | .1432 | 2269 | .3099 | .3932 | 4766
| 47 | 0812 | .1445 | .2279 | .3112 | .3945 | 4779
§ | .0825 | .1458 | 2202 | .8125 | .3958 | 4792
0838 | .1471 | 2305 | .3138 | .3971 | .4805
0851 | .1484 | .2318 | .3151 | .3984 | .4818
| 0864 | .1497 | .2331 | .3164 | .3997 | .4831
. 0877 | .1510 | .2344 | .8177 | .4010 | .4844
. | .0890 | .1523 | 2357 | .8190 | 4023 | .4857
. | 0703 | .1536 | .2370 | .3203 | .4036 | .4870
it | 0716 | .1549 | 2383 | 3216 | .4049 | .4883
7 | 07209 | 1562 | 2398 | .32290 | -4062 | 4896
. | .0742 | 1576 | .2409 | .3242 | .4076 | .4809
' | 0755 | 1589 | 2422 | .3255 | .4089 | .4922
2 | 0768 | .1602 | 2435 | .3268 | 4102 | .4935
i3 | .0781 | .1615 | .2448 | .3281 | 4115 | 4948
1 | .0794 | .16828 | 2461 | .3204 | 4128 | 49861
1 |.0807 | 1641 | .2474 | .3307 | .4141 | .4974
| ’f 0820 | 1854 | .2487 | .3820 | 4154 | 4987

R R e



CARNEGIE, PHIPPS & CO,, LIMITED,

DECIMALS OF A FOOT FOR EACH /, OF

AN INCH.

M e.-” 7!/ B!l 9” 10!.’ 11!’
5430 | .6263 | .7096 | .7930 | .8763 | .0506
- .5443 | .6276 | .7109 | 7943 | .8776 | .9609
5456 | .6280 | .7122 | .7956 | .8788 | .0622
Ys | -5468 | .6302 | .7135 | .7969 | .8802 | .9635
.5482 | .6315 | .7148 | .7982 | .8815 | .0648
.5405 | 6328 | .7161 | .7995 | .8828 | .9661
5508 | .6341 | .7174 | .8008 | .8841 | 9674
[ .5521 | 6354 | .7188 | .8021 | .8854 | .9688
5534 | .8387 | .7201 | .8034 | .8867 | 9701
E 5547 | .6380 | .7214 | .8047 | .8880 | 9714
: .5660 | .6393 | .7227 | .B060 | .8893 | .B727
4~i .5573 | .6408 | .7240 | .8073 | .8008 | .B740
. | .5588 | .6419 | .7253 | .8086 | .8919 | 8753
\ | .6509 | 6432 | .7268 | .8000 | .BA32 | 9766
i} | 6612 | 6445 | .7279 | 8112 | .8045 | 9779
: .5625 | .8458 | .7292 | .8125 | .8858 | .9792
. | .5838 | 6471 | .7305 | .8138 | .8071 | .9805
5851 | .6484 | .7318 | .8151 | .8Bo84 | .D818
.5664 | .6497 | .7331 | .8164  .8997 | 9831
11 .5877 | 8510 | .7344 | 8177 | .B010 | 8844
5600 | .6523 | .7357 | .8190 | D023 | .9857
5703 | 8538 | .7370 | .8203 | .BO36 | .9870
5716 | 6549 | .7383 | .8216 | H0O4D | .0883
E 5729 | .6562 | .7398 | .8220 | D062 | .0898
5742 | .6576 | .7400 | .8242 | .P076 | .9909
.5765 | .8589 | .7422 | .8255 | .P08D | .0022
.5768 | .6602 | .7435 | .8288 | 9102 | .0935
1) 5781 | 6615 | .7448 | .8281 | 9115 | .0948
: .5794 | 6628 | .7461 | .8294 | 0128 | .0961
3 .5807 | 8641 | .7474 | .8307 | 9141 | 9974
.5820 | .c854 | .7487 | .8320 .9154 | .9987
1 : 1.0000
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CARNEGIE, PHIPPS & CO,, LIMITED.

DECIMALS OF AN INCH FOR EACH yth.

is. | Jctos] Decimal. [Practon| Jipds. | fcths| Docimal. | Frackion
1 | .015625 33 | .515625
2 | 03125 17 | 34 | 53125
3 | 1046875 35 | 546875
2| 4|.0625 |1-16| 18 | 36 | 5625 | 9-16
5 | .078135 37 | 578125
3| @ |.09375 19 | 38 | .50875
7 | 109375 39 | .600375
8125 |18 [20|40 625 |58
9 | .140625 41 | .640625
10 | 15625 21 | 42 | .65625
11 | 171875 43 | 671875
12 | 1875 |s8-16| 22 | 44 | 6875 |11-18
13 | 203125 45 | 703125
14 | 21875 23 | 46 | .71875
15 | 234375 47 | 1734375
8|16 |25 |14 |24 |48 |75 34
17 | 285625 49 | 765625
o | 18 | 28125 25 | 50 | 778125
19 | 206875 51 | 796875
10 | 20 | 3125 |5-16| 26 | 52 | 8125 |13-16
21 | .328125 53 | .828125
11 | 22 | 34375 27 | b4 | 84375
23 | 359375 55 | .859375
12 |24 (375 |38 |28 |56 | 875 | 7.8
25 | .300625 57 | .800625
13 | 26 | 40625 20 | 58 | .90625
27 | 421875 59 | 921875
14 | 28 | 4375 |7-16| 30 | 60 | 9375 |15-16
29 | 453125 61 | .953125
15 | 30 | 46875 31 | 62 | 96875
31 | 484375 63 | 984375
16|32 |5 12 | 82 | 64 1. 1
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CARNEGIE, PHIPPS & CO., LIMITED,

MENSURATION.

LENGTH.

Circumference of circle = diameter x 8.1416.

Diameter of circle = circumference x 0.3183.

Side of square of equal periphery as circle = diameter x 0.7854.
Diameter of circle of equal periphery as square = side X 1.2732,
Side of an inscribed square = diameter of circle % 0.7071.
Length of arc = No. of degrees X diameter x 0.008727.
Circumference of circle whose diameter is | =

m = 3.14150265.
loge=0ATUN. o] I~ L —osssto.
1/ m=1.T72454. e o __‘{:'_‘jfz_""j'_"__._r/_: 1
720869604 ; - 0.101321.
ch '
vier= : V,_}r_=. 0564190,
i Ty :
or, very nearly, = 8‘-:—:— 5 0=1/rixi—(r—v)
Vvesr— '/1-! — %ar. very nearly, =-8€:—

AREA.

Triangle = base X half perpendicular hight.
Parallelogram = base X perpendicular hight.
Trapezoid = half the sum of the parallel sides x perpen-
dicular hight,
Trapezium, found by dividing into two triangles.
Circle = diameter squared X 0.7854; or,
== circumference squared X 0.07958.
Sector of circle = length of arc X half radius.
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CARNEGIE PHIPPS & CO., LIMITHD.

MENSURATION—Continued.
Segment of circle = area of sector less triangle; also, for
dvy c®
flat segments very nearly =— 0.388 v2 - 5

Side of square of equal area as circle = diameter X 0.8862;
also, = circumference X 0.2821.

Diameter of circle of equal area as square = side X 1.1284.

Parabola = base X 24 hight.

Ellipse = long diameter X short diameter X 0.7854.

Regular polygon = sum of sides ) half perpendicular distance
from center to sides,

Surface of cylinder = circumference 3 hight X area of both
ends.

Surface of sphere = diameter squared X 8.1416;

also, = circumference X diameter.

Surface of a right pyramid or cone = periphery or circumference
of base % half slant hight.

Surface of a frustrum of a regular right pyramid or cone = sum
of peripheries or circumferences of the two ends X half
slant hight 4 area of both ends.

The following formule are used to obtain the areas of
irregular plane surfaces which are bounded by a base line, “eor,”
and two ordinates, “a" and “4,” as per figure.

-~
L]
e

The formule are given in the order of their accuracy, be-
ginning with the most accurate.

The surface is divided into any number (») of parallel strips
having the same widths, &, and whose middle ordinates are
represented by 11.&‘&‘ J.Ea‘\d i,
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CARNEGIE PHIPPS & CO., LIMITHD.

MENSURATION—Continued.

L Area=d x =h -1-%(83 +h—9 hJ-}-%(Bb-i—h.:iOh‘)
(Francke's rule.)

Il Area = d X S h +-1i‘3—(a— h) +—1%-(b--h.)

(Poncelet’s rule.)
1L Area==d X = h.

These formule are more convenient for use than Simpson’s
rule, and I and II give generally and III sometimes more
accurate results.

= stands for sum of.

SOLID CONTENTS.

Prism, right or oblique, == area of base X perpendicular hight.
Cylinder, right or oblique, = area of section at right angles to
sides % length of side.
Sphere = diameter cubed x 0.5236.
also, == surface X %4 diameter.
Pyramid or cone, right or oblique, regular or irregular, = area
of base X 34 perpendicular hight.

PrismoIDAL FORMULA.

A prismoid is a solid bounded by six plane surfaces, only
two of which are parallel,

To find the contents of a prismoid, add together the areas of the
two parallel surfaces and four times the area of a!section
taken midway between and parallel to them, and multiply
the sum by %4th of the perpendicular distance between the
parallel surfaces.
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CARNEGIE, PHIPPS & CO., LIMITED.

WEIGHTS AND MEASURES.

AVOIRDUPOIS or ORDINARY COMMERCIAL WEIGHT.
UNITED STATES AND BRITISH.

Ton. Owis. Pounds, Ounces.
20. 2240. 35840,
0.050 1: 112 1792
0.0089 7, 16.

0.0625 1.

1 pound == 27.7 cubic inches of distilled water at its maximum
density, (39° Fahrenheit.)

LONG MEASURE.
UNITED STATES AND BRITISH.

Miles. Rods. Yards. Feet. Inches.
1. 820. 1760. 5280. 63360.
0.003125 1. 5.5 165 198,
0.000668 0.1818 1. 8. 36.
0.0001894 0.0606 0.3333 1. 12,
0.0000158 0.005051 0.02778 0.08333

The British measures are shorter than those of the U. S. by

about 1 part in 17280 or 8.677 inches in a mile.
A fathom == 6 feet. A Gunter's surveying chain == 66 feet

or 4 rods, 80 chains making a mile.

SQUARE OR LAND MEASURE.
UNITED STATES AND BRITISH.

Sq.Miles| Acres. | Sq.Rods. | Sq.Yards. | Sq. Feet. | Sq. Inches.
1. | 640. [102400.  [3067600. 27878400.

1. 160. 4840, | 43560.  (6272640.

1. 9025 | 2722 | 39204,

0.0881) 1. 9.0 1296.

0.1 L 144,

- ' 1.
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CARNEGIE, PHIPPS & CO,, LIMITHD.

WEIGHTS AND MEASURES—Continued.

CUBIC OR SOLID MEASURE.
UNITED STATES AND BRITISH.
1728 cubic inches = 1 cubic foot,
27 cubic feet = 1 cubic yard.
A cord of wood = 4 X 4/ % 8’ == 128 cubic feet.

A perch of masonry = 185’ X 1.5/ X 17 = 24.75 cubic feet,
bat is generally assumed at 25 cubic feet,

DRY MEASURE.
UNITED STATES ONLY.

Strnck Bush| Pecks. Quarts, Pinis. Gallons. | Cubic Inch.
1 4 &, 64 8. 21560,
1 8. 16 2. 537.6
1. 2 0.25 67.2
0.5 | 0.125 33.6
4. 8 1/ 268.8

A gallon of liquid measure = 231 cubic inches.

A heaped bushel =1 %{ struck bushels. The cone in a heaped
bushel must be not less than 6 inches high.

A barrel of U. 8. hydraulic cement = 300 to 810 1bs., usually,
and of genuine Portland cement = 425 Ibs.

To reduce U. S. dry measures to British imperial of the same
name, divide by 1.082.

NAUTICAL MEASURE.

A nautical or sea mile is the length of a minute of longitude
of the earth at the equator at the level of the sea. It is assumed
= 6086.07 feet = 1.152064 statute or land miles by the United
Stites Coast Survey.

9 nautical miles == 1 league.

828
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CARNHGIE, PHIFPS & CO,, LIMITED.

COMPARATIVE TABLE OF

UNITED STATES AND FRENCH MEASURES,

MEASURES.
One grain = gramme, - - -
One pound avoirdupois = kilogramme, - -
One ton of 2240 1bs. = tonnes, - -
One ton of 2000 lbs. = tonne, - s .
One inch = millimetres, - - |
One foot = metre, - - 2 -

One mile = kilometres, = - -

One square inch = square millimetres,

One square foot = square metre, - -
One acre = are (100 square metres), - -
One square mile = square kilometres, -

One cubic inch = cubic centimetres, -

One cubic foot = cubic metre, = =
One cubic yard = cubic metre, - = =
One quart dry measure == litres, - =
One quart liquid or wine measure == litre, =

One foot pound = kilogrammetre, - -
One pound per foot = kilogrammes per metre, -

One thousand pounds per square inch =kilogramme

per square millimetre, - - -
One pound per square foot — kilogrammes per
square metre, - - - -

One pound per cubic foot = kilogrammes per
cubic metre, - - - =

One degree Fahrenheit — degree centigrade,

No.

0.0648
0.4536
1.0160
0.9071

25.400
1.6004
645.2
0.09201

2.590

16.39
0.02832
0.7648

1.101
0.9465

0.1383
1.488

0.703

4.882

16.02 -

0.5556
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CARNEGIE, PHIPFS & CO., LIMITHD

COMPARATIVE TABLE OF

FRENCH AND UNITED STATES MEASURES.

MEASURES. No.

One gramme == grains, - - - 15.433
One kilogramme = pounds avoirdupois, - - 2.2047
One tonne == tons of 2240 Ibs, - - 0.9843
One tonne == tons of 2000 1bs. - - - 11024
One millimetre = inch, - - - 0.0394
One metre == feet, - - - - 3.2807
One kilometre == mile, - - - 0.6213
One square millimetre = square inch, - - 0.00155
One square metre = square feet, - B 10.763
One are (100 square metres) = acres, - - 0.02471
One square kilometre = square mile, - 0.3861
One cubic centimetre = cubic inch, - 0.0810
One cubic metre or stere = cubic feet, - 35.3105
One cubic metre == cubic yards, - - - 1.3078
One litre (one cubic decimetre) = cubic inches, 61.017
One litre = quarts, dry measure, - - - 0.908
One litre == quarts, liquid or wine measyre, - 1.0568
One kilogrammetre = foot pounds, - - 7.2331
One kilogramme per metre — pounds per foot, 0.8720
One kilogramme per square millimetre == pounds

per square inch, - - - - 1422
One kilogramme per square metre == pounds per

square foot, - - - - 0.2048
One kilogramme per cubic metre = pounds per

cubic foot, - - - - 0.0624
One degree centigrade = degrees Fahrenheit, - 1.8
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PAGE.
Bar iron, weights and areasof . . , . . ., . . ., 255-260
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Beams, bending moments and déflections of, under va-

rious systems of loading . . . . . . . . 134
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PAGE.
Bolta weights of round headed . . . . . . .., 261
o SR BERAS ¢ . e i w e @ e 262

Bnm,wughuorshed ....... le e s oF ) S L e
Brickwork, weight of walls . . . . . . . .. . v 100
Bridge pin nuts, sizes and weights . . . . . .. . . 269

“  trusses, explanation of tables of Pratt and Whipple 209-210
= “  table of stresses for Pratt and Whipple . 211-213
Buckled plates, explanstionof . . . . . . . . . . . 205

o S Oaafeloadh. oL o o 5, 545 05206

Bulb bars, lithographof . . . . . . ot o g e 14

o propertiesof . . . ., . 140
Carnegie shapes, general noteson . . . . . . . . . 94-99

. “  explanation of tables on properties of 120-132

i 2 method of increasing sectional areas . S0

% *  moments of inettiafor . . . . . . 135

Caulksteel . . . .. .... e w s+ - (see special tees)

Channels, deflection coefficients for . . . . . . . 105

% explanation of tables of properties . . . . . 129-132

“  lithographof cartruck . . ., . . . . . . 23

“ L TONS o a0 SE b 19-22

& — s e 17-18

L “ unequal flanges . . . . . .. 23-24

“« properties ofiron . . . . . iy o TR 142-144

g . e, e .. 141142

H - ivebspaCig S L1y SRRt e 84

o safe loads, steel SRR e s . . LI3-114
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“ “ B - - = - 64

¢ # “ L 63

[ " L mqul B‘nge = 63

Checkered plate . , . . . . . « + « » « (see miscellaneous)

LB T - . + « . (see miscellaneous)

‘Columns, areas and dimensions of castiron . . . . . 202

“ o “ Keystone octagon . 178

s o ofZbarion «.e's.s s » . o s 2193=K06
il . “  steel . . 179,181,183,185, 187,189,191
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PAGE.
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