AISC E&R Library

~

5721

RS i e R e






Wrought Iron and Steel

IN CONSTRUCTION.

CONVENIEN’I‘ RULES, FORMULZE, AND TABLES FOR
THE STRENGTH OF WROUGHT IRON AND
STEEL SHAPES USED AS BEAMS,
STRUTS, SHAFTS, ETC.

A. & P. ROBERTS & CO.,

| MANUFACTURERS OF OPEN HEARTH STEEL AND WROUGHT IRON,
SHAPES, DARS, SHAFTING, HAMMERED AXLES
AND STRUCTURAL MATERIAL.

Pencoyp Bringe anp Construction Co.,

~ DESIGNERS AND MANUFACTURERS OF RAILROAD BRIDGES,

VIADUCTS, TURN-TAHLES, AND ALL CLASSES OF \0 .l
STRUCTURES OF IRON OR STEEL. Q Qg\
o““ A
vgo

SEVENTH Enl'rx%cu <3\\
W

(G S <

MAIN OFFICE, Q,
261 SOUTH FOURTH STREET,
PHILADELPHIA, FA.

WORKS, NEW YORK OFFICE,
: Pencovo, PA 192 BROADWAY.
NEW YORK:
JOHN WILEY AND SONS,
d i ! 53 East TextH STREET.



PREFACE.

——

To Engineers and Builders in Iron and Steel this volume
presented, with the hope that it may be of assistance to them in
their daily labors, and afford information upon some points which
have not heretofore been put in published form. It has been
the aim of the author to eliminate as far as possible matters of
theory from statements of facts, that, where conflict of opinion
may arise, each one may draw his own conclusions. It was con-
sidered advisable to treat only of subjects relating to Iron and
Steel, referring to any of the numerous engineers' pocket-books
for information upon outside matters,

As far as possible, doubtful points were corroborated by ex-
periments; and especially the article upon “Struts™ is based
upon the results of several hundred carefully conducted experi-
ments at Pencovd, for more detailed information concerning
which we would refer to two papers by Mr. Jas. Christie, pub-
lished in the Transactions of the American Society of Civil En-
gineers, entitled “ Experiments on the Strength of Wrought Iron
Struts,” and “The Strength and Elasticity of Structural Steel,”
wherein the above experiments are fully described. Hereafter,
should errors be detected by a more perfect knowledge of the
physical properties of the materials treated of, we shall be glad
to acknowledge the same, but now offer the following pages as
the best results we are able to obtain from present practice.

A. & P. ROBERTS & CO
Prxcovo, May, 1884,



PREFACE TO SECOND EDITION.

In preparing the Second Edition for the press we have cor-
rected some small errors occurring in various places in the first
ion, which were discovered after its publication. A few new
es of weights of separators for beams, of bolts, nuts and
s, which were deemed useful in architectural calculations,
¢ been added. Some additional shapes are described, and
eral old sections of beams and channels changed to more efii-
forms, by better distribution of material in the flanges. At
present writing we have no alterations to make in our con-
ions in regard to steel, our experiments up to dale seeming to
firm our results as then announced,

A. & P. ROBERTS & CO.

PREFACE TO THIRD EDITION.

Morg than a year has elapsed since the publication of the
edition of this little volume, and we are ngw preparing a
d for the press. A few new sections have been added and
eral errors overlooked in the earlier editions corrected, so that
believe very few, if any, now exist. Our conclusions in re-
d to struts, based upon Mr, Christie's experiments, have stood
test of publication and criticism, and we think at this day can
said to have more fully the stamp of authority than when first
ed. We trust this Hand-Book has and will continue to be of
to all who daily use wrought iron and steel in construction.

A. & P. ROBERTS & CO.
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PREFACE TO FOURTH EDITION.

No changes have been made in the contents of the body of
the book since the third edition. A supplement has been added,
however, containing a number of new shapes and sections not in
previous editions; also a series of tables for strength of riveted
girders of various forms, which are especially intended for the
use of architects and builders. During the past year a Bridge
and Construction Department has been added to the Pencoyd
Iron Works, for the design and manufacture of railroad bridges
and all classes of structures composed of wrought iron or steel.
Believing that for the future steel as well as wrought iron will be
an important factor in large structural works, an Open Hearth
Steel Plant has also been added to the Works, and we trust that
its product will meet such requirements as engineers may specify
for their material.

A. & P. ROBERTS & CO.

Paxcovp, April, 1887,



NOTE.

WE publish this edition as a temporary expedient, until an
entirely new and revised book can be prepared.

The tables and other data in Part I have been carefully re-
vised and are correct to date. Wherever discrepancies occur
between Parts I and II, preference should be given to Part L

Part II is reprinted from the last edition of our Hand-Book.
Since that edition was published a number of sections have
been changed, and some of the old sections of iron beams and
channels have been abandoned.

We are now preparing, and expect to publish during 1891,
a new edition which will contain data in regard to all sizes
“of steel beams and channels, and considerable other new

‘matter.
A. & P. ROBERTS & CO.

June 1st, 1891,




SECTIONS OF
IRON AND STEEL

ROLLED AT

PENCOYD.

Plates 4,5,6,25 and 26 are % size.
All others are 3 size.

For Sections rolled of either
IrON or STEEL the weights given are forIRoxN.

If rolled of Steel the weights are
two per cent greater than {or Iron.

For shapes rolled of Steel only
the weights are for Steel.

NoTICE.

Several sections marked'Steel or'Iron”
may be rolled in either metal
subject to special arrangement.

ALL WEIGHTS ARE GIVEN IN POUNDS PER YARD.
MINIMUM SIZES OF EACH SECTION GIVEN.

JULIUE BIEN A CO LITH
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SR G T
All weights given in pounds per yard.

No.515.

WT. 8.4 7O 132.2 |
Les. !
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Plate No. 1.
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STEEL y \
All weights given in pounds per yard.
|
; |
| |
| No.509. |
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Plate No.2.

=
WT. 34.5 TO 48.3 LBS.

126

No.507.
WT. 51.7 TO 72.9
LBs.

s EE L
All weights given in pounds per yard.
o
No.503.

204 No.18.

WT.27.3 TO 37.5 LBS.

=
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e
No.505.
24'k-4 wr. 43.4 TO 6086
LBS.




Plate No.3

STEEL
All weights given in pounds per yard




Plate No.4.

IRON
All weights ¢

given in pounds

per yard.

w2 39/54"

]

No.1.

= No.521,
WT. 186 TO 233 | WT.123 TO
LBs 184.1 LBS.

je—— 204"

No.2.
WT. 145 TO
201 LBS.




Plate No.5
il 1

IRON

All weights Siven in pounds per yard

:?4 No.3

’ No.4 = |
| WT. 168 TO ' WT. 120 TO |
| 194 LBS : 183 LBS |
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WT. a8 TO
108 LAS

‘No.&

IRON

Allw;;ights givon in pounds per yard.
i
|

WT. 134 TO
181 LBS

No.5




m No.7
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IRON OR STEEL
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Plate No.8 \

IRON OR STEEL
All weights given in Lbs per yd.for Tron For Steel add 2 per cent

e L —1'
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No.9

WT.90.7 TO 120 4%
LBS,

= Ry w'....._............_.:

No.10

WT.708T0862 =
L8s.




IRON OR STEEL
weights given in Lbs per yd for Iron.For Steel add 2 per

No. 14

WT.EL&TO BT
LBE.
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IRON OR STEEL
All weaghts given in Lbs,per yd.for Iron For Steel add 2 per cent

No. 23

WT.N5.5TO 123
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ITRON OR STEEL
given. in Ibs. per yd. for fron.For Steel add 2 per cent..

=i

WL 18.6 70 204 LBS.

WT.30 TO 40 LBS.




~ Plate No.12.

STEEL
All weights given in pounds per yard.
17"

Neo. 415

WT.22.2 TOD4. 4 LBS.

— 1. 75

. @ .
b
.-_-I T 7 | T
i) No.417 g :
b WT. 26.6 TO 41.8 LBS. g ;
i -

No.419

WT.21.3 TD48.3 LBS.
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Plate No.13.
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IRON
All wighu givan in pounds per yard,
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No. 54
WT. 07,570 1088 LBS,

No.55

WT 88 TO 120.6 LBS.

T
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Plate No. 15

IRON
All weights given in pounds per yard.

WT.60 TO IOLS LBS .

No.427.

WT.6L5T0 851 LAS.
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Plate No. 16.

I

|
IRON
All weights given in pounds per yvard.

No.33.

WT.5L5 TO 59 LBS. |

No.33Vz.

WwT.72 TO 77 LBs. |




Plate No.17

TIRON OR STEEL
Allweights given in pounds per vard

No.37

WT.37.2 TO 61.5 LBS.

Ne.35

WT. &47.5 TO 85 LBS,

No. 34 No.36

8.7 TO 102.7 LBS. WT. 516 TO DE3 LBS,




ITRON OR STEEL
Allweights given in Lbs per yd for lvon Yor Steel add 2 per cem




Plate No.19.

IRON OR STEEL
woights given in Iba per vl for Iron. For Steel add 2 per cent.

No.42 i

H WT.30.10 70 54.4 LS.

« N8
.

! |
. R Lot

No.47

WT. 2. 3TONS

No.48

| W 165 7o 24 Les f
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Plate No.20.

IRON

All weights éiven in pounds per yard.

No.60 |

WT.104 TO 138 LBS
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Plate No.21.

IRON OR STEEL
hts given in Ibs.per yd.for Iron.For Steel

5%

- @ - —— -: -
S
i ath -
No.254 £
WT 37 2 TO 48 6 LBS, |

No.B3

WT.72 TO 84 LBS.

e AT

No.255

add 2 per cent.

et o i
No.B2
WT. 80 TO W05 LES.
PG, e R
- lo' ........
No.B68
WT. 62 Las
sk e g
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Plate No.22.

IRON OR STEEL

siven in Ibs. per yd.forIron.For Steel add 2per cont.,

All weights

i;n . 1 L
S
i
\
t |
~ 4
No.64 | ‘
WT, 81 TO 84 LBS |
| 5
l ‘\ ~
| | \
| | 2
|
|
| ‘

No.67 44 No.66

WT. 34 TO 46 LBS WT. 42 TO 57 LBS




l?_lfie No.23.

IRON OR STEEL

All weights given in Ibs. per yd. forIron. For Steel add 2 per cent.

ey 3 i

B 4

- r l" ‘3

W .
Z*INeo.81
{ WT.3 LBS.

No.70

WT.37.5LBS.

[z

No. 84.

NT.14.5 LBS.
No.71
WT. 31 LBS

No.75

WT.11.8 LBS.

No.82

WT. 19.3 LBS.




Plate No.24.

IRON OR STEEL
Allm:ghuglmmlbs.pcryd.mrlmn ms;ed-uzpumt




Plate No.25.

IRON OR STEEL

s given in Ibs, per yd. for [ron.For Steel add 2 per cent.

BT




Plate No.26.

"IRON OR STEEL
All weights given in Ibs. per yd.for Iron. For Steel add 2 per cent.

No.122

WT.24.0TO 54.4 LBS.

No. 123

WT. 21. TO 39.8 LBS.

No. 124
WT. 14.4 TO33.6L8S.

No. 125

WT.13.1 7O 25LBS.

No.126

WT. 9.1 TO 22.5 LBS.

\
No.130 >,

L3

WT.3.6 TO9.8LBS. \,J
+
\‘D
No.131
WT.3TO5.8LBS. )

.\1',\
No.132 Y,
WT.2.37T0 4.4 LBS.

|WT.6.2T011.7 LBS.




Plate No.27.

~ IRON OR STEEL
L weights given in [bs. per yd. for fron. For Steel add 2 percent.




Plate No. 28

i
IRON OR STEEL '

All weights given in Lbs.per yd.for Iron. For Steel add 2 per cent

WT.22.5 TO 43 LBS.
No.146

WT.21 TO 39.8 LBS.

No. 147

WT.19.4 TO 36.7 LBS.

No. 148

WT.13.1 TO 25 LBS.

No. 149

WT.11.9 TO 22.5 LBS.

No. 150

WT.16.2 TO 27.5 LBS.

No. 155

WT. 8.1 TO 20 LBS.

No. 156

WT.6.7 TO 12.6 LBS.

No. 157

WT.5.7 TO 10.8 LBS.




Plate No.29

IRON OR STEEL
All weights given in Lbs. per yd.for Tron For Steel add 2 per cent

WT 21 TO 32. 5 LBE

No.162

(WT.14.3 TO I7.5 LBS.

No.163

WT.13.1 TO 28 LBS,

No. 164

WT.1.8 TO 72 & LBS.

No. 165

WT.10.6 TO 17. 8 LBS

No. 166

WT 5.3 TO 13.8 LBS

No.167

WT. 8.1 TO 12.1 LBS. "/

No. 168

WT. 5.3 TO 8.4 LBB

No. 169 ‘

WT. 4.3 TO 7 LBS.

*'s
No. 170 A
WT. 2.3 TO A.A LBES. .




Plate No.30

TRON OR STEEL
Al weights éiven in Lbs. per vd for Iron . For Steel add 2 per cent

No.214

WT. 10 l-.!.

i

’L ! e

F' o
wT .o.lzl!:l

No. 19

WT, 25 LES

No. 172

Jwr. s Les

No.2i8

WT.2.25 PEA FT.

I,F=-_-.—._—.———-
I

[ A & n,
;' ¢ ol 2
|.
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Plate No.30%.

IRON OR STEEL
All weights given in 1bs per yd.for Iron. For Steel add 2 percent .

3’5.3%; a

o0 N2 NaZZb
WT.86.4 7O 101.6 LBS, WT.866.6 TO B1.7 LBS WT. 45.4 TO 61.9 LBS.

No227 No0226

WT.69.3 TO 76.7 LBS . w'rszntmss.a Las. WT.!BS‘I'D“!I.DS

O : E ';.'- i
No.223 No.222
WT. 55,3 L85, WT.39.2T0 5.6 LBS.  WT.23.2 TO 34.8 L8S.

i DN
Cow o

No22i No.220
WT.33.1 TO 38.5 185, WT.19.4T0 29.2 LBS.




Plate No.31

IRON OR STEEL
All weighis given in Lbs.per yd for lron.For Stecl add 2 per cent

194

No.191

WT &7 LNa

beee -2 5710 .

No. 190

No. 194 !
~ott R
|

No. 195 M
wT. !-{1‘& ] 1874%

No. 196

wr e vo vy L v —

|

¥

e B B g e

No.197 [l e &

S ") S——

No.193

-*1“1' &3 Les

-

No 212

WT. 25 TO 3| Lms,

No. 216
WT.28.7 LBS.
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Plate No.32

IRON OR STEEL
All weighis given in Lbs.per yd.for Tron. For Steel add 2 per cent

L W T

No. 206

WT. 40 LBS.




Plate No.33

Trough Shaped Sections

for Corrugated Flooring
IRON OR STEEL

All weights given in Lbs per yd.for [ron. For Steel add 2 per cent.

Dt St - % .

o3 TO 28.5 LES.
PER SQA FT.

2 TO 37 LBS.
PER SQR.FT.

e t—
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Plate No.34

Standard Framing of Pencoyd Beams

2Ansgles 5x 3% "« Y3 4 '2 long

l
Ul holes %46’All rivets 34" |




Plate No.35.

Standard Framing of Pencovd Beams

2 Angles 67 47w 716 6%2 long

|
L =

F A

22 1y

B LR LT

fared
-

2 Angles 6'x 4«

L33

5

RV M

34"

2 Angles 6'x h = ¥

A2 ¥ 13

{

All holes " All rivers ‘“‘t_i




Plate No.36.

LWl ‘

Standard Framing of Pencoyd Beams |

2 Angles 6"x #'x 2" 11° long

2 Angles 6°x 4°

All holes Wi" All rivets 34" ’
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Plate No.37.

Rivet Spacing in Pencoyd Angles

e e

e
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, METHOD OF INCREASING
; SECTIONAL AREAS.

Cross hatched portions represent
the minimum secltions and the
blank portions the added areas.

All weights given in pounds per varid.

Fratess. - TR
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Wrought Iron and Steel in Construction.

PART I
TABLES OF DIMENSIONS.

THE lithographs and following tables give the principal dimen-
sions of the standard shapes of structural iron and steel rolled at
Pencoyd.

Beams and channels can be rolled of any intermediate sec-
tions between the minimum and maximum. The web is thick-
ened, which increases the width of the flange, but does not
change any other dimension of the flange. The position of the
added area is shown on Plate No. 38,

Angles can be rolled of any thickness between minimum and
maximum, Weights corresponding to the principal intermediate
thicknesses sre given in table on page 6. “The legs of angles in-
crense slightly in length as the thickness increases. This some."
times causes angles of heavy sections 1o exceed the calculated
weights. Therefore orders should specify either the desired
thickness or weight per yard, but never Loth,

Tee sections cannot be altered from the standards as given in
tables and lithographs.

Bars and Miscellancons Shapes can e rolled in either steel or
iron,

Sections which cannot be rolled of either iron or steel are so
noted on the lithograph plates. The weights given for sections
which can be rolled of either iron or steel, are for iron unless
otherwise stated, and when these sections are rolled in steel the
weight will be about 2 per cent. heavier,

t = f‘

N P emm—



PENCOYD STEEL T BEAMS.
WEIGHTS FOR STEEL.

£ §(.8].§ 3 Approvimats Weight E i
= roximate Weig)
¥ & BN |EE 55| in Zicr per Vard for ach | 5> |EE
2 i 2 E¥ |5} Thickness of Web, AL |E%
- %] I's .ii"-. ““" q\ :£
HEIEHERIES N
R NI IR IR E R b
23| 3| 93| a6| 159 18.6 209 .32
21| 3| w4 | .99| oo 214 23.3 352 aga 27.2) .44
20 4 | = a6 | 18.6) 22.2 3 25.1| .32
m| 4| =2 22| 25.0| 262 28B.7] 3r.2| 33.7 33.0| 44
18 g 3.00| .0 27.3] 20.9| 33.7 363 37.50 40
503 340 .22 31-9‘ 36.7| 40.5| 44.4) 482 48.3 .44
Ps| 7| 373 4] 34 s 485 82 73 606 48
507 40 26| 517 sb.0 61.1 3| 71.3 gl .52
59| 9| 430 .28 : 63.1] 66 !| 4.6 Bo.3 5.7] .56
sir | 30 | 4.50{ .30 70 77.7 0| §0.4 00,6/ .60
SI5 | 13 | 500 .34 QU 4 950, 103.4 1097“701:3:3 68
PENCOYD IRON T BEAMS.
WEIGHTS FOR IRON.
<3 T c ~ 3
] - a5 s - L 8
- = S < A n.mumtr Weight & |p 3
'E | [EE|E> in Aﬁ ard for each | 3 23
3 ; _gk !,5 _52 .'t"'hcknen# b, !‘t\ _g.g
3 I RIE :f, g
RICE[TE| e[ ol afa|s]78s
53t | 15 | § l| | r;g.o 139.1] 157. 34 176.0) 1851
1|15 )| 8 | 1860, [ | 195.0( 214 ozg;.o 233.0
2| 1% | s | 1450, 154.5! 173.0] 192, Y010
515 1130 F .’%-5] 93.7, 1ob.7) 3337 oi 130.3
50 | 159.0, | | 17901935 194.0
. 4| 12 :tl 120.0 I ns,si 140.5| 155.5 134
5 I 1 5 1344 137.7; 150.8 16t o
s} ) 4 108.0 l 1181 131.3 135.04
L 4 85.0| gu.j 105.7 109.0
10 120 1117 1243 136.7) 137.0
:; 10 : i 9a.0| 93.6 Iog g: ; ' lnz.o
%l 9| 4 90. .8/ 109.6/ 120.4 10,4
"ol o | 4 9| ™ 75.4 36.': 86.2
Srr | B 4 79.6 87.6] 97.42| 106.8 :063
:ls 8| 4 g 21.3 67.0 77.8 8ol 8 E
3] 7|3 5 704 Bl By.y
%4 713 514 61.2) 702 7B9( 87.7 Bn
3 g 115.5 ns‘a 123.0 1:3.2
O 1 (7 g,’
:?‘ 6 ; 2:.5 611 .64 36.1 83.6 83,6
16| 6| 3 I 400, 419) 494 569
*s| 5| 30| 26| 2.7 209 352 407 48
"9 | 4| 26| 22| 245 25} 30.7 333 44
o | 4| 23 16| 18.2] ar ;z 32
a3 g | .84 a3 | 20.1 814 24.8 7l 44
23! 3| 39 16| 13,6 383 | 2041 .32

beams marksd ® can be rolled of steel, when thelr welght will be Increased 2
meﬁwﬁhuﬂ-uhm&m
=
—

g._a:__._.__ = = __-.‘n"-. N




PENCOYD STEEL CHANNELS.

WEIGHTS FOR STEEL.

| = + | B N .

ol : - -~ £
F - ‘.‘;‘ S|, .8 A imate Weight s le
'E 3 53-’ Ez ik‘ in L;,f';:: }f'-:\d f.'f each i"' i_s
S |E= | EE| gL Thickness of Web. ER
= | » [E - -2 g B
r s |E%|E5|E 53|38
3§ 1585 |58 5% 82
SRR 2| 0 ‘ } \ : | BRI
19| 8 | 2i27] .es| 313 33 R s i 403 a4
pd 7| 2 s xs g ®d || | |83 E
R R e E
3 ! 2 o o .
.ug 'S L 3 14.7]_17.5! . . 1 ‘ | 22,0 .36

PENCOYD IRON CHANNELS.
WEIGHTS FOR IRON.

s | & . 3 - -

H - » .s N - ol

N Approximate Weight S |2

i iy EE = azﬁifrr.ruﬁf‘m& §= |53

= £ 5 Thickness of Web, EMIES

X |E iR ga‘ S -.5

EHENES {515

G} S | |

', § FRETE | i ‘ i | ARARAR N

15 139.0/ 148.0 167.0/166.0 a 1

a 15 :l |g.u .mﬁ.ol |=4.7F 143.3] 162 :g: 1

3| 12 |2 ' 13| 88.5 | 100.0/ 115.0 130,0 145.0, |ﬁo.q 1
p' 12 | = 6o.0 1.5/ 86.%5 1015 Vhaot.s
427| 12 | 3 615 73.0, 88.0| 951
S34 10| 2 59.7, | 65.2 11,7] go.: 1027 104.7]
% 10 | 2 47.5 475 60.0| 70.5 Bs.0 fis.0
g |2 52.4 5651 67.8 79.1 go4 4
‘3‘ g 2 373 38| so2| Ors 1.8
41 =z 39:3] 39-3 493 59.3 .3
0219 8| 2 9.71 330 450 J 8.3
4o 7 | 2 }I 4.0/ | 455 33 640/ 730 710
’ 1 7] 5.0 39.5 393 .0l | | 49,;[
Sz 6| 2 | 319 310/ 34 46%- 544 | 544
fagl 6| 2 22.7 'z.;bl 321 396 39.6
":lﬁ' g5 | =2 739| 249 312 | | 5.4
47 4| 2 at.g| #1.5 26| 305 | | 35
'48.t T 16.5{ 18,7 23.7 i | 24,0

ol 3|3 150, 16.1 | | ‘ ol 1}
2} 1t 11.3 1.3 | | | 1n 3‘
.St = | tﬂ 87 94 | | 100,
52l 1] | 3.5l [ | | | 35

Channels marked * can be rolled in steel, whea the weighes will be increased s per




PENCOYD DECK BEAMS.

WEIGHTS FOR IRON.

- ' = = L
2 e 4 a Approximate - - : .
'§ T B | g E ¥ | Weight in Lbs, {rr|5."'. £ E = !%
£ | & |38 i Yard for cac fu 8% E R
2 .5- §§ EX | Thickness of Web, S8 [ SR E2
|8 €88 83| ———— E: 1% €%
I A L mE sk n[53] 3 "':E
S || & 2| §| & b #[S] =
6 | 12 5 1040 usoupo:;ﬂ FRETIE B 23
Al BT ‘ !I' ""1' §°°l°50"30|333° ! | It | 2
%z | 10 | s ’ 0 | 0| 92.0108.0 105.0/ |z , 1l
oyl 9|5 | 72.0 7201 £3.0 940 94.0, 144 | 138
"%y 8| 4 61.0 6.;0 74.0| 84.0 84.0 E i | ik
s | z 4 52.0 63.0{ 72.0 72 of |2
5t ‘ | 3 y | 42.0| 420 ‘IS.o 53. 570 7 *]’l 3
%y | s | 3t 3ol 340l 370l 33, | 4600 % | e
BULB PLATE.
Eﬁﬁ;I_l_i | 2.0 | | | | [(u.u! l T jl-i_’,—l_:_-
BULB ANGLES.
____ 6 | 3" W |32 457 48, i
oss l_ || J 2" I ‘t‘ ‘ ssal ' | 34.3 l 2____?1’
CAR BUILDERS' CHANNELS.
WEIGHTS FOR IRON.
s NE s
2 d - = L 5
= ] 5 Approximate Weight 8 3
'§ 3|83 SE| 55| n 200 5 Vard 1o tach | ES | 9E
. Sy | B |k Thickness of £h | BN
SR IFe SR |ES 3|58
N ER RIS 83 (82
2| % |58 (5258 | it
(5] (3 Y (e (3~ 5 | } iITG H ‘ | § al =
e s S L 88.2 g0 3 [104.4/112.5/120.6|120.6] |
;i :3 ; ,5 67.5 113';3.3 %.3':;‘14..;;3.@88 108 8
334 IHJ 720 ' 77 JJ 779
LRl 51.5 590 i 590 -

Sn:ﬂmahukod‘ mbeml.ln! in str.-el. when IJu -ughh will Lo |mnc|u.-|l 2 per cent.




‘..5. o - & § > E . g E : ".Elo
| FHESIESIE S IENSIE S I S A
85 (S| S5 3% 39| 8% % | 81
= i S g B R e
} | a[s[o[Efc]|c®]
. EVEN LEGS.
70 4 4 Y B0 37:5
7t 3} 3} e
& 13 |3 2.
R 23
;3 : = tj 17.5
1 Lo ] o
2 & o
2 2 10.5
;5 1 1 A
1 1 O
g li 1 4-5
81 e et o e, LR et
} UNEVEN LEGS.
; T 5 4 3 [TE;
AERENEAR i
| =
% | 5 | i o
9o 4 | 3 J 445
109 4 4 s | | ©0
9t 4 3 T | | :;;
94 4 3 I RAg 4
9% R 3 i3 v a5:2
%ol 3 |2 - s
5.
l?: g g l 20.8
. 110 3 : g | :i’;
.23 : 2 ' :é.a
o g
108 1, ™ .5
101 2 1 B7s
112 2 1 § :.:
2 1 o
::: 2 ¢.( i. l l?. 59
1 1 : 8 10.2
113 1 1 55
114 1 s 40
- 115 t it f i 33




PENCOYD ANGLES.

WEIGHTS FOR IRON.
‘Uhe sections can ba rolled in steel, when the weights will be increased = per cent.

|
. 2 |Eu| We - .
g% ":‘E =£ ;i; Wﬂg&t: per YVard for various Thicknesses
HE R
LHERRE WS A g 4]
120 | 6 %6 43.6 43.6 | 57.5| 71.1 | B4.4 | 97.3 |110.0 |
121 | § X5 j, 32-1 30.1 | 7.5 | 58.6 | 6o.4 | 79.8 go0 -w
122 | 4 X4 24.0 28.6 | 37.5 | 46.x | 54 4
123 [3fxad | oy | 210 24.8 | 32.5| 30.8
124 | 3 X3 1 14.4 14.4 | 21.1| 27.5| 33.6 \
125 | 2§x2 13.1 13.1 | 19.2 | 250
- 126 | 2jx2 1*; .1 19| 17.3| 22.5
127 | 2ixa w4 5§ 16.0 | 15.5 ‘
128 (2 x2 4 71 9.4 | 13.6
129 | 1dx1 6.2 Box]lxe)
130 | dxt 36| 36| 6 9 |
138 | 1fxz 30| 30| 56| [
| 132 [ I X1 2.3 2.3 4.4 |
r UNEVEN LEGS.
3 x3 50.0 so0| 61.7] 73.1 | 84.2 | 95.0
:g; gQ 4 % 38.0 38.0| 50.0| 6Ly gg.x 84.2 | 95.0
140 |6 x4 36.1 36.1| 47.5' 58.6 .2 79.8 gu,o
151 |6 xsi # 342 34.5| 450 55.5 | 65.6| 75.5 | 5.0
153 | 54%3 32.3 32.3| 42:5 | 52.3
141 |5 X4 32.3 | 32.3| 42.5 | 52.3 | 61.8
142 |5 %34 | o 25.6 | 30.5 | 40.0| 49.2 | 5B
143 |5.%3 ] 24.0 28.6 | 37.5 | 46.0 | 54.0
44 [ 4dx3 | % | 225 6.7 | 35.0 | 43.0
s 4%k | o | 225 26.7 | 35.0| 430 {
146 |4 X3 a 21.0 24.8 | 32.5| 30.8 !l.
147 | 3§x3 19.4 23.0| 30.0| 36.7
150 | 34x2} 16.2 162 | 21.x | 27.5
148 | 3 xuj 13.1 13.1 | 19.2 | 25.0
140 |3 x2 1.9 119 | 17.3| 22.5
155 |2ix2 8.1 10.6 | 15.4 | 200
156 | adxr 2 6.7 8.7| 12.6
157 |2 xti 1 5.1 7-5| 108
ANGLE COVERS.
1o | 3.x3 14.3 14.3 | 21.0 |27.4 | 33.5 l
181 | 2ix2 13.0 13.0 | 10.1 | 249
182 :ix; .0 11.8 | 17.2 | 22.4
183 | 2jx2 £ 0 10.5 | 15.4 ’
184 |2 xa i 7.0 9.3 ] 13.5 [
SQUARE ROOT ANGLES.
160 | 4 x4 l 28.6 28.6|37.6 | 46.0 I
ibr | 3dval a6 24.8 32,5
t6z |3 x3 14.3 14.4 | 21.2 |27.5
163 | 29x2 13.1 13.1 | 19.2 [ 25.0
164 | 24x2 11.9 11.9 | 17.3 |232.5
165 | 2)x2 10.6 10.6 | 15.5
166 |z x2 g.g g,q 13.6
167 | 1jx:1 W I a| Iy
1 1§xx 5.3 6% |
163 | 1fx1 4.3 5. i
170 | ® X1 2.3 | =3 | 44 _‘
172 | 2fx1d | 186 18.6 [
SQUARE LEG ANGLES.
|5B]={ﬂ}l L] |:r|| _ l=a| B | | T |
6
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SIZES OF PENCOYD BAR IRON.

FLATS.

inches to i! inches,
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lﬂu”"umﬂnn-nn;nun-—u-nnuu-uu-n
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e e e L L L L MM L o B M KD KD e e e e e e e e e e e e e e e

-3

s} x
gi : e
6} x R
7 % i i "
s x " ni )
9 x i 2 “
0 X - 2 .
X i 2 L
m x o 2 L
SQUARES, .

Lot & iL 1L
'f"a";;,' xl"|i }l p. i 3 B
3, 34 3%, 3d 3b 3k 30 36 4
4&. 41 w: 4,

b, 1'« I- M- .ii» i ll‘ ’

’}.‘ tlf, 1 ,’l‘i,'fl. 2 .'2.. 2 !
! ’ "#‘i 3i ; ? r 'i ¥
5, 5i, 5b 51, 6, 6}, 7-
BOLT SIZES .‘.th. Full,
!- ﬁ- l| L ' {i» " ill L

iy, 1}, 1k, 1} inches,
RIVET SIZES.

g EEEGREEE

HALF ROUNDS. S
o A

MISCELLANEOUS SHAPES.

Chart

. w?u 4
Sizes. Var ﬁr{';:n-

No. Section,
196 2} xjto 8.4 10 14.7
19 3 . xe" 13.5 ‘' 210
1 Grooved Bars. . . . . .. .. siixf§ 20.9 ' 34.5
204 . xqf 12,5 " 21.3
2085 41 x 5.4
194 1} x 48
194 |HaoOvals . ... 3 ,L_ e
1go  |Miners' Track Rail . . . . . 250
wr [Splice Bar. ... .. .... 52
|Slot_Rails. Nos. 192, 203, 206. 26 to 41
.Spl.{l:ﬁl‘i:lﬁ. Nos, 201,308, 207, P
a0 |Bridge Rail o« we el ae 351040
19 ChannelRail ., . ..., .« ifx | g,_r,
mi T {1 ) 18.8
I T L T, P A afx13x} 18.6
199 o R T o it (0 ) e 25.0
21t W IR A S 29 x b x B.a
3 Slot Rail Guard o oo 2dxatxiix) 26.0
218 [Spoke Bar . . .. ... .. s x §to §” tho;t Ibs. p.yd.

Those sections can Fe rolled in steel, when the weizhts will be increased 2 per cent.

&h_.___h T



PENCOYD T BEAMS.

FOR STEEL.
il e
~ Eas
S8 | §l8| o } R
E13 (5 ad SUE] OB | g [3gRESs
I g | & ™ e s <
< ‘; {5 §‘: .E':;_% Deflection. ‘; E’.E %E"“-‘S
K i," 3§ D32 FRE- 0
1 dla |1 & |88 (Zoadin | Loz | = |3 & §
* = Centre. | Dist'd, ol 1
sa| 3 159 156, 869, oor1133 | 006783 | 1.58 | 273 | .10
st | 3| 205 | ao1| 10.74| 0009005 | ocoosily | 195 | 3.7 300
20| 4| 18 182 | 13.50| 0005352 | 0003361 | @47 | 3w o715
:z 4| 250 s.gs 17.68 | 0004103 | 0002500 | 322 | 508 | .075
5 27.3 | =2 3;95 0002327 | O001418 a-&; 4 030

503 9| 342 DOGI370 | 0000774 6.1 040

905 E 434 | 490 oo0s405 | 9 50 | .og3

507 §1.7 | 507 r; |8 LO0049T | 0000303 13310 g3 | ©37

509 | 8| Goa z.ﬁ; g6 52 | o034 mg Ir,-.ss 10, 033

11 10| Jou .!z 122.13 | 0000233 | 0000140 |23.02 |13, Reel]

si5l s | gry | Bod | 188 s 7 (3422 1593] oo

FOR IRON.

51 | 15 | 1941 | 12.40 | 270, 000003 | .eoo0039 | 5B.05 | 18.59 | .oz
T | 15 | 10,0 | 19,00 | 422.28 | 0000041 | 0000025 | GO.49 | 39.57 | .00
2 |15 | 1450 tg 50 | 324.30 | .0000053 | ,ooo0033 | 640 [2230 | 0i0
3| 12 |80 | 10.Bo | 2B9.32 | .oco0074 | . 6200 | 3863 | .05
4 | 12 | t20.0 | 12.00 | 212732 | .000010L 4548 vnne | a5

S35 | 12 | By.5/| Bos| 158.72 | .o000135 | 0000084 |34.0t sa,h 025
8| vo} 1344 | 1344 | 71478 | ooon1s :::g 46.0m | 2003 | 029
s}l 10 108.3 | 10.83 | 173.71 | 0000143 | 3742 | 1398 | o9

1o} B5.3 | B3| 14423 | -oo00i7r | ocoo1oy | 30gr 1335 | 0%
& 1

10 | tre.7 | 1147 | 362.02 | ocoo .onunagz 3472 | 2368 | o
; 10| 004 | 904! 13843 o000t oG Y 3.66 1348 .og
9| 9| goo | 9L£0| TE3.2T | OOJIIT | OOOOELS 40  10.53 | o33
0| 9| 06| 706| 9794 cowzga .oooiBy | 000 994 | 033
| B| 8oo| Beo 41| 0O0034T | OPOOATS | 2173 |3.ﬂe 038
12| 8| 610 | Gio .70 | 0003309 .maoqg 17.29 | 10. 038
13| 7| 658 | 6.58| 66.38 | .coousqh | 00003t | 1408 :33; 043
4| 7] I Saa] ST 0000040 | .0COO400 | T1.31 17 | 43
a3 | 6 |x15.% | 11,55 .37 | 0000432 | .o000m 9108 2139 | 050
a4 | 6| gox | por g.o:o 21 Dlmtz; 17.14 | 16,42 | o%0
15 | 6| 585 | 5.55] S5t.74 30 | 000040 | 11.09 [ 7.75 | 080
¥ 6| 400 | 400| 3B.25| ooorrzr | .oowojor [ 80| 595 | .50
| s ﬁg.z 2.97.| 2328 xmﬂ uwlagg 499 | 491 | obo
19| 4| =24 2.46| 1500 1| 3| 433 | o3
20| 4| 182 | 182 r11.% omsﬁo; X _q ; 2.47| a3t | 075
21 | 3/ %01 n.n: g.az 195| 323 | w0
=) 3| 156 _7:37 % mra:rsl 52 2.33 | .too

Sce page 88 ct s2q.



PENCOYD CHANNELS.

FOR STEEL.

- N = t"ﬁ'

I sl o §
$15(3 | Sy] oo (B ¥ EE5
5| & i3 "3'3- E33 | Doftection.  [¥EE N SEs%
RIS i %§‘§ lEe% BL (1§38
§3] 3y | §R[EEES
- o é S| zeadin| Load |22 ; Sh=
S B [Es Centre. | Dized. (89 | R Eéé;
i T3.07| 3951 | 000083 | 0000359 | .54 | 6.55| 037
2,61 | 29.54 | .o000137 .mis 52 | 591 .o42
2,18 at.zz 0T34 | JOooT 3 g 49 | 5.25| .049
1.78| 2483, (002416 | 47 | 4.55| 059
Tudd4 | 9.65 | .00073a8 | .oo04sBa) 46 | 3791 -o74

PENCOYD CHANNELS.

S

FOR IRON.
13, 97 0000003 | 0000040 | 10T
10, 218.75 | .ou00079 | 000004y | 1.00
B.85 | 142.11 | 00001518 | 0000094 | 7T
6.00 | gb.aa mimﬂ oonotzy | b2
6.15 | 103.23 ocootze | g7
597 B2.37]| cooo3ry | o000t 7
475 253 .omo,ﬁ gf ;5
9 524 87 ocooabs
9 39| 46wy mo oox3y | 5B
8 395 | 4040 | 0oco709 ﬂ €8
8 307 | =p.1a | 0001105 31 .56
7 410 39-35 | 0000535 | b5
7 2.50 | 24 JOOUI4G5 | JO000014 48
6 3.19 | 38, D001 oocog3B | 66
6 2.27 x‘&."{g m?z; 0001 g
5 8.3 | 37.06 | 0005083 | 0001 K
% axs| 12.03]|. 0003343 | 53
4 2-6: .65 m 32? 45
3 152 g.p o1 3884 mgn .51
M I.;g 3.13 | .oo34350 | cosr4o | 46
-] 2 2,25 7230 | wwo3sFr | .3
13 .35 So 144 | ottbioo | 1
See page 84 et seq.




PENCOYD IRON I BEAMS

Greatest safe load In net tons, evenly distributed, including beam irself. Fora
concentrated load in middle of beam, allow one-half of that given in table below,

E% éé-g |_-:‘§.§_:§— o Lra‘g:-ﬁ of S,d.su in a"rr.f

83 |"e |55 |4 [ 5|68 10[12[14]16
I 15 |[I90.0 o4 353& 3':31:1633
2 [I5 |145.0 "1‘? g e
sarjts rz24.1] | | [H0°4% -gsgi 5
3 (12 (168.0 | ’“»g e
4 12 120.0 a1, aa' :168 15. :6| 13. '-:
5'512 895 K mmb e I3Dﬁl}ﬂ|ll§'8 q&
5 [10F 134.4 s g g3 8
51/104 |108.3 'm,?l s 50 1086
6 Jto} | 89.31 | | | I%%"E W0 %
o Al T
8 1o | 900 | i sl ok o8
‘919 | 900 e ey g

uo o | 7ol | | el o G w G

11 | 8 | 80.9 54t dnay ?273

*12 | 8 | 61.0 B 3’

13| 7 | 658 [2d8%8 3

14 | 7 | 514 | ‘od ‘edl

*23 [ 6 |115.5°%7 Yo7 o

24 | 6 | 90.1|" 67 o

15 | 6 | 55.5| 1 i s

*16 | 6 | 40.0 il %03 o

a7 | 5 | 29.7] &l S %5

19| 4 | 24.6 % o i

20 | 4 | 18.2| ’?'| 0o W

21 | 3 | 20.1) oy iq| iia

22 | 3 | 15.6 ‘a8l Wl

oa

L



PENCOYD IRON I BEAMS.

The in bold represent the deflections in Inches correspondiag to the
n&ludam. For de'mum corresponding to greatest safe load in mﬁe take
four-fifths (4 5) of the tabular figures.

Length of Span in Feet, | “1’ :
18|20/ 22| 24|26 28(30|32| 8}=
-3853

16.32 :5:5 14,15
e 83
12. 47 11, 58 10.83

21, :: 1 5763
%51, o1

16 :l “J‘l lj‘il
15, 01_ 13‘5; ng: 1 28

lEm

1.03 145.015

I

2

" 2

53 "o £ 230 1.s°3|l68.0 12 13

"4’3’“"%2 1?{&!200:2 H
90| 1.¢ 1

5

5

6

89.5[12 |515

03 1.1 .37:511344101,
’Eéa‘d‘éifmn ?l08310}
' ?;:il 1.08, .13| 1.3-: u'ﬂ. 39 3 10}
.sitogluatsnm.{lll 710 Y

597:3; 5 11441431564 90.410 8*

RETIR: :‘.'qii 900, 9 | 9

zﬂ 1240 1.5‘15‘ | 70.6| 9 |10*

116:1.8.157 ' 80.0| 8 |11°

RO ?:33':333_1@ | | 610 8 [12°
b ”’im"éx.ﬂ =i 65.8/ 7 |13
E: ;‘_':&;‘.f N I 2
87 10 112 115.5 6 [23°
sgeaes | | | | [oon]6 far
- 55.5( 6 |15°
B Lrp | 406l 6 n6
L _[297|5 |17
24.6| 4 |10°

B st 1 18.a] & o0

‘ 20.1| 3 |21°

| | 15.6| 3 |22°

Beams marked ® can be rolled in steel, when the welghts will be lacreased 3
cent.—sale load about oo per cent. Deflection practically the same cs for iron with
equal loads, =4



PENCOYD STEEL I BEAMS.

atest safs load in pet tons, evenly distributed, incleding beam itself. Fora
mﬂﬁ::lral.«l Toad in: lul-.';dle ul‘lx:l'm. Iﬂ-ﬂ’i oae-half of that given in table below,

‘;‘% 3 -E;Eﬁ Lengih of Span in Frét
S| %% |53y 5|6|8|10f12[14|16
22 | 15.9 o9 T
21 | 3 |20.5| s 34 50 3
"4 [18.6) %% R
25.0 %03l %o e s

Tl 178 1.56
.51 _.dp .91
3 17| 2. 72| =.38
/ ,i’ .38 e

|27.3] % &)
6,18 Gta T8

1346 05 .07 .11 |

393

— - b
cejvo O
| |
o:.--: O‘\-m1-p4=-|mm

| " 6.bo H g 5
505 | 7 |43.4 | | %8 i e e 8 s
- wy el .10
507 | 8 |51y | |2 R s e
509 | o l6oa| | [T vt %

=.Il Jl -ﬂ 3

% ,%l'"m e

PENCOYD STEEL CHANNELS.

Greatest safe load in net tons, evenly distributed, including beam itself. Fora
concentrated load in middle of beam, allow one-half of that Kiven in table below.

511 |10 |70.1 ,‘
515 |12 jory4 903 TN

E; EE i‘:ié:‘: ) Length of Span in Feet,
o8| 4 [Eea 5|6|8|ro]12|14
4i9 S 31.3 ‘_.‘__I 528 ?!u 3;3__'_“‘
417 | 7 266 | ..:‘s EF

415 | 6 |22.2| 558 %9l 3% 1;{;' -

413 | 5 | 18.1] %5 o ’.f&_

411 | 4 |14.60 %8 B &

LIMIT OF DEPLECTION.—It is considered good practice in case of oeile
ings, or in other :I umstances where usdue deflection may be pcpjulth] 1o
eflestion will not exceed 5-30th part of an et foot, of 3-36cth
| beams to the right of the 'IﬂY,' black Ilnewitl. deflect in excess

1

A

—
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P M

The figures in hold

PENCOYD STEEL I BEAMS.

type represent the deflections in inches corresponding to the safie
loads above. For deflections cotresponding to greatest safo load in middie, take four-

6.72

6.27 5.88

fifths (4-5) of the tabular fgures.
- .
Length of Span in Feet. 35| 38 i
18/20[22|24|26|28|30|32 g;-! é'* 55
I | 159/ 3 22
__M_J_‘“mjvﬂ
18.6, 4 20
el i 25.0 4 | 19
Gl val saieodeds | | [27.31 5 | 18
ol el iR | | |349) 6 | 503
i ol £ 0| 434 7| 505
438 s vio 147 a0 vas ey | 51.7) 8 | 507
2% 70 R 13 098 ekl miwior 001 9 | 509
| A0e5 108 119 11581459 1 20| 70.1] 10| 51T

41| B.55
| %%l 4

'S
n

784 72 |
| 7t Tasl 5] 1581350

l91.4 12 | 515

PENCOYD STEEL CHANNELS.

m}m%%mm:;w w0 ml::th:(?‘lonl in'wld;h.:l?:{x

et . % T
) Length of Span in Feel. %‘.—,ﬁ %:‘: Ei
185‘ 20|22|24|26]28|30[32|24¥ | "% | °%
o |y 1% 08 i ﬂssww
S il e, || |26 7 | 417
Wd fta 90 el | | |22.2| 6 | 415
ol [ 18.1] 5 | 413
. e )= ) 114.6] 4 | 411



Greatest safe load in net tons, evenly distributed, Including beam itself. Fut a
concentrated load in m.ddle of beam, allow one-half of that given in table below.

‘ PENCOYD IRON CHANNELS.

+ . § 333 i B _I-MN* of Span in Feet.
?3§ %: 5::3456810121416
i I | O At i 16%
53 Ig 1(3)20_____"“['3’5"?'33
31 [ 12 | 885 B R
32| 12 | 600 | | | l"” iod %28 %
47712 | 615 | | [ |*® ‘E;j "% i
*34 | 10 | 50.7| | i B"& ?él 78 %8
35| 10 | g5 o % q‘_?.s‘ e 499 %4
‘36 | 9 | 52-4 | mu\ 7f° ﬁtb 513 4«: 383
*37 9| 372 | ?5&, 561 4lsg_3._ﬂ5|_3§ sk
418 8| 39.5] | |73 B o %24 ”5' 3
- 419 8| 307 | | ‘off 43 N6 %9 f‘ﬂJ ’.'a'ﬂ
20 | 7 | 41.0 | 7a3 a9 5 A
*41 7 259___?;__5 _3 ‘?J 3?‘ 22‘3 =30| : '553
42 | 6 | 31.9 ox B 78| B o o4 54 B
*43 | 6 | 27.6 o1 ‘53 e 13 i i I
44 | 6 | 22.7| %t 35‘;! i
AR EEE EEE EE
*46 | 5 | 18.8] % o8 W 5y G e E
47 | 4 | 21.5 %a % 14 wal a0 38 79 1.03
48 | 4| 17.5 ""ﬁ!_'f; g .fgs 58 19 1.08
49 | 3| 15263 W4 W A 3 A enndi

3

-7



PENCOYD IRON CHANNELS.

i hcht t the dene:ﬂml In Inches c
safe lul.d.i "::“ o o:ﬁm?mmqm&u to groatest safe le in nﬂm lﬁ.c
four-ifths (4-5) of I.hn wabular figures,

Length of.&pal in Feet. -l .
i3 i |34
18 2o|22|24 26|28 30| 32 Eié‘i i rfé
R “fa‘s’| i %116139.0 15 | 30
st =g 208 s ] 7% 7 i 106.0] 15 | 53
_7 ,01646 5*; L BT "7‘1 1'% 88.5] 12 “3—1
ft’ﬂl s tel 4 % 1?6'3[1’;31133”0'; 60.0| 12 | 32
f 55’3?[ ' ‘.'1|_._ % 1’&'3'133_3 61.5 12 | 427
4-43 féu 94 ?k’a_floa 1'2';23;1‘4 1.5 59 7| 10 | 34
258 ) 48 5 g iy 47.5 10 | 35
el afa?lo.r.’ ?fl"o' 1od 183 52.4, 9 | 36
¥ ’solo‘ ﬂ 1'463|1'354' [ 37.2 9 | 37
.60, . 6, KRR J}_ﬂﬁ‘? | 39.5| 8 [418°
08 ‘é%u_éu?a 35 l 30.7| 8 |419°
N e
_JAs .02 oiu‘;'f'f«?i o#l | ol e 25:0 4T
' l|0;| 179 154 | i ' 319/ 6 | 42
1'.3?'[1:530; 154 27.6, 6 | 43*
pr v O O L
‘ | 27.3 5 | 45°
} S S
| | | 215 4| 4T
i S O el B ] L e 17.5 4 | 48
i e | | | 1152 3]49
%%‘nﬁ.ﬁ%m.&m!wmm weights !"lll be lmne:‘ e

T L——



PENCOYD BEAMS.
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i oy
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...._, e e 4% S98e
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T = e memm
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PART II

The preceding pages contain the latest data in re-
gard to Pencoyd sections. Owing to changes which
have been made in some of the sections, the informa-
tion given in the tables in this Part does not exactly
agree with that in Part I.  Where such discrepancics
ocour the tables in Part I should be used.

The information given on pages 88, 89 and 90,
under heads of columns XI., XII., XIIL and XIV.,
as to methods of nsing coefficients for safe loads and
deflections, applies also to corresponding columns in
table on pages 8 and 9, Part L

B B A —"

STRENGTH OF WROUGHT IRON.

[ The tensile strength of rolled iron varies according to the quality
l of the material, the mode of manufscture, and the sectional avea
of the bar. In general terms the ordinary sizes of bars of good
material may be accepted as having an ultimate tensile strength
of 50,000 lbs. per square inch of section, an elastic limit of
A% 30,000 Ibs., and will stretch 20 per cent. in a length of § inches |
| when tested up to rupture. \
1t is, Lowever, as easy to produce the smaller sizes yielding
results 10 per cent. higher than the above, as it is difficult to
make the largest sections with a limit 10 per cent. below the !
same figures. +
| Dividing rolled iron into three classes according to its sectional
area, we have:
I.—Bars not exceeding 14 square inches ares.
I1.—Bars from 14 to 4 square inches area.
[11,—B~rs from 4 to 8 square inches area,

T g T—— T
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For which experiments give the following figures as average
results,

GLASS, TENSILE ETHRENGTH ELASTIC LIMIT ELONGATION IN
PER 8Q. INCH. PER 8Q. INCIL B INOHES.

1. 53,000 Ibs, 33,000 lbs, 25 per cent.
1I. 50,000 < 30,000 ¢ v E UL
1. 48,000 28,000 “ 18« «

These, however, are only general conelusions, as much depends
on the shape of the section, the method of rolling, and the
reduction of area from the pile to the finished bar,

The following tensile tests are actual averages taken from our
records, and were made on specimens cut from bars of the sizes
and shapes given, and intended for use in bridges, and to con-
form to the specifications of the leading railrond companies.

S8 | @ | I
s - - b
B |21 |3 (=2
Sur AND Suave oF | o5 | 582 5-?-,5‘; | EE-E .
Bag. E:".E. EEE cES E§= I
P PR i
Ba |RE TR |7F

One-inch rounds.  52,210/32,150) 26 1 S IR
Two-inch rounds. |50,98531,800{ 19.8 | .... [oveverenernnnnn
Four-inch rounds. [48,220126,640{ 18 | .... | .vivvenrerenns
Four-inch flats, 151,000 30,000/ 20.7 | 81 ; to 11} in, thick,
Eight-inch flats. 49,50[)|31,500 16 ..« | inches thick.
Twelve-inch flats, |49,080/31,560 15 5| .... |} inches thick.

Three-inch unglea. 49,000.30,500) 1 30 ...............

Six-inch angles,  |49,160/30,150. 0% Dl e

Flanges of 51,840/31.560] 20.1 | ... fiiiusasrerisian

Wnbsofbeams. Iao 3030150] 1'.'7| R T R
COMPRESSION,

The power of wrought iron to resist compression is usually



ELASTICITY OF ROLLED IRON. 19

taken as equal to its tensile strength. In the form of flanges for
solid beams, this property is exerted to its full capacity, as the

* adjacent portion of the material in tension sustains the portions

in compression from buckling, even when the length of the
bem becomes very considerable, But in the form of struts and
columns, when the piece becomes of considerable length in pro-
portion fo its cross-section, failure occurs by bending, or com-
bined bending and erushing. (See article on Struts.) Judging
from many experiments we have made on bars secured from
bending under compressive stress, the elastic limit in compres-
sion is a little lower than in tension, but the former not so clearly
defined as the latter ; practically they may be considered as
equal.

These results were derived from small sections; in large sections
there may be more equality, as some experiments hercafter de-
seribed would denote.

With pressures varying from 25,000 fo 35,000 1bs. per square
inch, the elastic limit is attained. With 50,000 lbs. per square
inch a permanent reduction of 24 per cent. of the length is pro-
duced; with 75,000 lbs. a reduction of 6 per cent, and with
100,000 Ibs. per square inch the permanent reduction of length
is about 8 per eent, These results have a wide range of varia-
tion, but the figures are the averages of several experiments.

ELASTICITY OF ROLLED IRON.,

The elasticity of wrought iron, or its ratio of change of length
under stress below the clastic limit, varies more extensively than
any other property of rolled iron. Experiment shows u varia-
tion of over 100 per cent. in extreme cases,

The modulus of elasticity is an imaginary load, which, suppos-
ing the material to be perfectly elastie, would cause the iron fo
double its length under tension, or to shorten its length one-half
under compression, and veturn to its original length when re.
leased from stress. This modulus is usually assumed at 29,-
000,000 Ibs. In large sections of properly prepared material the
tensile elasticity probably averages a little over this, and the
compressive elasticity alittle below it.

The following results of the tests for comparative elasticity in
tension and compression, will serve to illustrate the irregularity
of the elasticity; also, see tests of iron and steel cut from beams,
eiven hereafter.
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Two pieces of -inch square iron cut from same bar,
Measured length of each specimen = 12 inches.
Area of each specimen = .556 square inch,
Pressures in 1bs, ; change of length in inches,

TexsiLe TEsT.

Elongations.

Comrnessive TEsT,

Reduetion of length.

P';"'T’"'i'l'l‘t‘lfﬂ Load on. | Load off,
5,000 002 000
10,000 L0045 000
15,000 L0065 000
20,000 L0085 000
22,000 010 .000
24,000 L0105 000
26,000 L0115 .000
28,000 12 000
30,000 013 .000
82,000 L0135 .000
34,000 0145 000
806,000 L0155 001
38,000 715 1495
40,000 L3835 L3605
50,000 1.328 1.2045
53,820 3.003 S,

Specimen broke with 53,520

Ibs. per square inch.

Stretched 3.003 in 12 in.

2.18T in 8 in.

“  27.3 per cent. in 8 in.

Fractured area = .3364

| ; Modulus of elasticit
= 27,420,000 lbs.

Pressure per

&q. inch.

5,000
10,000
15,600
20,000
22,000
24,000
26,000
28,000
30,000
82,000
34,000

36,000
38,

Modulus of elastici

Load on. | Load off,
002 000
.0035 000
005 000
006 000
007 000
008 000
009 000
L0095 000
010 600
011 .000
020 L0035
023 L0045
027 010
A07 089
273 246
LA64 435
07 639
845 814

1.074 1.042
500
= 85,300,000 1bs.

- ‘
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Two picees of J-inch round iron cut from same bar,
Measured length of each specimen = 12 inches.
Area of each specimen = .449 square inch.
Pressure in Ibs. ; change of length in inches,

TexsiLe Test.

Comrnession TesT,

Reduction of length.,

Pressure per
8q. ll.ll.'l!:‘

Elongations,
P’:;f“{,‘{gl‘,’f' Lond on. | Load off.
5,000 002 000
10,000 .Nod 000
15,000 006 000
20,000 008 000
22,000 008 000
24,000 010 000
26,000 L0105 000
28,000 011 000
80,000 .013 .000
82,000 014 000
84,000 015 .002
86,000 022 007
88,000 416 .399
40,000 b .5238
50,000 1.740 1.9
51,600 2.4688 | ...

Specimen broke with 51,600
Ibs. per square inch.
Stretched 2.408 in 12 in.
“  1.8l1in8in.
‘22,6 per cent. in 8in.

Fractured area = .297 sq. in.

Modulus of elasticit
- 293 ,000 1bs.

5,000
10,000
15,
20,000
22,000
24,000
26,000
28,000

32,000
84,000

g

g

(]
g

-

23233338

Sszaswsy

Load on. Load off.
002 000
005 000
007 000
.010 .000
011 001
012 002
013 003
015 0045
L0215 0065
L0225 .007
L0275 009
040 .019
052 036
133 114
804 283
427 402
546 521
663 635
.73 .42
.806 .862

Modulus of elasticity

=24,490,000 1bs,
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A series of tests was made on the United States Government
testing machine at Watertown Arsenal, on the full-sized bars,
of which the following is a condensed average.

TENSILE TESTS.

¢ (82128 hatakel
g5 Z2 e
MopE oF MANU- g 23.‘ LH o °§
= g2 or | BB, g
PACTURE. Gl B . oY 288 %
B =55 = Tl
3 e & N |
Single rolled..| 3x1 | 50,600 | 25,600 | 20 |28,200,000
Double rolled..| 3x1 | 52,500 | 80,100 82 | 27,885,000
Single rolled..| 5x1} | 49,800 | 26,100 21 27,930,000
Double rolled. .| 5x1} | 51,000 | 27,200 28 28,920,000

The ‘“single and double rolled " means the number of work-
ings from the puddled bar,

A number of experiments on large columns with the same
machine gave the following results,—also the tensile results,
for the iron used in the construction of the columns.

MopuLus oP
Evrastic Liwrr.,
ErasTicITy,
Wrought iron in compression ...... 27,500 20,000,000
Wrought iron in tension.......... - 31,600 29,100,000

The modulus of transverse elasticity as applied to our tables of
deflections is taken at 26,000,000 ibs. It is a hypothetical quan-
tity, derived by means of formulw, which are given elsewhers,
and which assume that the resistances to tension and compression
are equal, and that the successive fibres of iron, from the neu-

|
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tral axis outward act independently of each other, neither of
which statements are correct in fuct.

It is probable that this modulus, with the same material, will
vary with each change of section, and possibly also with changes
of length, and conditions of load.

SHEARING.

Under tne conditions that shearing stresses are usually applied
in structures, the shearing strength of wrought iron is about
cight-tenths of the tensile, viz., 40,000 Ibs. per square inch of
section, But when subjected to the action of properly prepared
cutting knives, the resistance o shearing is much less than this,

TORSION.

The resistance to fwisting is proportional to the cube of the
diameter. When the shearing strength is known, the torsional
strength of any round shaft can be determined as follows : T'=
1.57 &', r = radiusof shaft in inches. s = shearing strength
in 1bs. per square inch, 7' = the torsional moment in inch Ibs.,
or the force in lbs multiplied by the leverage in inches with
which it acts.

In practice, however, torsion is usually accompanied by bend-
ing stresses, which must be always considered when determining
the proportions of shafts. See article on Shafting, page 170,
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STRUCTURAL STEEL.

The various grades of steel used in structures possess such an
extended range of physical properties that it is impossible to
present as definite a basis for strength, stiffness, ete., as can be
given for wrought iron, :

The character of the material is largely determined by its
combination, in minute proportions, with various substances, the
most important of which is carbon.

As a general rule the greater the percentage of earbon in the
steel, the higher will be its tensile strength and the lower its
duetility. The following list exhibits ths average tensile re-
sistances for steels having given proportions of carbon:

TeENSILE ST&F;T;:‘;I llguintmns rER DUCTILITY:
oF Cnon:
Tivetrr, | Buasme Loar. | 00N Romme:
.10 60000 36000 26 per cent.
.15 66000 40000 . b
-20 74000 T 45000 @/ #
.25 82000 50000 20 ¢
-80 90000 55000 181
-85 100000 60000 8 -
-40 110000 65000 i Lo

These figures, however, are only approximate, as much de-
pends on the quality of the steel, and also the extent to which
it has been worked in the rolling process.

The grades below .15 per cent. carbon are known conven-
tionally as * mild steels,” owing to their high ductility and to
their possessing but very moderate hardening properties when
chilled in water from a red heat,
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The mild steel has also superior welding properties, ns com-
pared with hard steel, and will endure higher heat without
injury.

Steel whose carbon ratio does not exceed .10 per cent. should
be capable of doubling flat without fracture, when chilled in the
eoldest water from a red heat.

Steel of .12 carbon should endure similar treatment when
chilled in water of 80" F.

When the earbon percentage is .15 the steel should be capable
of bending at least 90°, over a curve whose radius is three or
four times the thickness of the specimen operated upon, and
after being chilled from a red heat in water of 80° F,

Steel having .35 to .40 per cent. carbon, will asually harden
sufficiently to cut soft iron, and maintain an edge.

There is much variation from the aforesaid hardening proper-
ties in different qualities of stecl, as much depends on the influ-
ence of other hardening agents besides carbon,

The modern tendency is to limit the use of steel for structaral
purposes to the milder grades of the material. For steel in
steamships the United States Government specifies as follows :
“Steel to have an ultimate tensile strength of not less than
60,000 1bs. per square inch, and a duetility of not less than 25
per cent, in 8 inches. The test picce to be heated to a cherry-
red and chilled in water at a temperature of 82° F, After this
it must be capable of bending double flat under the hammer
without eracking.” It requires about .11 to .12 carbon steel to
endure this test,

“ Lloyd’s™ rules require the steel to have an ultimate tenacity
of not less than 60,000, or not over 70,000 lbs. per square inch,
with ani elongation of at least 16 per cent. in 8 inches. This
steel, when heated to redness and chilled in water of 82° F.,
must bend double without fracture around & curve of which the
diameter is not more than three times the thickness of the picce
tested. For a cold test without hardening, the materinl must be
capable of doubling flat and bending back ward without fracture.

Angles and beams for ship-frames may have a tenacity of
74,000 1bs,, providing the bending tests are satisfactory, and the
welding property is unimpaired. It reguires about .12 to .14
carbon steel fo meet these specifications.
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We have made numerous experiments on steel of several
grades and in various forms, but the resistance under stress is
so uncertain that a fair statement of its physical properties can-
not be satisfactorily given until an exhaustive series of experi-
ments has been made on material of definite composition,

We present the average results of experiments on the strength
and elasticity of ¢ mild ” and * hard” steel, also the compuara-
tive resistance of these materials in the form of struts. The
*imild steel” had an average carbon ratio of .12 per cent., and
the ** hard steel ” an average carbon ratio of .86 per cent. The
avernge strength and elasticity of wrought iron is inserted for
the purpose of exhibiting the characteristics of the steel and
jron. As in the case of the steel, the several values given for
iron are the results of a few special experiments.

TexsiLE STREXGTH IN
Lus. v SQUARE Ixcm, | DUeTHaITY.
MopuLus oF
MATERIAL, Brasmiomry
Lups.

ULTIMATE Euasmio  |[ELONGATION IN
TENACITY. Lavur, B IxcuEs

Iron.........| 51000 81000 | 19 per cent.| 28400000
Miid steel....| 64000 89000 | 24 ' 20300000
Hard stcel...' 100000 56700 |18 20230000

From the same material the following results for compression

were obtained,
COMPRESSIVE RESISTANCE.
L Las. Moput
MATERIAL. %”;‘:,I "SquATH INGHL, ELASTICITY,
1) o R e ML 20500 27090000
Mild steel . ...onveeess 37400 24760000
% Hordsteel............| 55700 24570000
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TRANSVERSE STRENGTH,

A series of experiments was made on the transverse strength
and elasticity of round bars from 3 to 4 inches in diameter, and
flanged beams varying from 3 to 12 inches deep, and from 3 fect
to 20 feet in length. For the purpose of making a compact ex-
hibit of the resistance of beams of various lengths and eross see-
tions, the results of the experiments were condensed to the
method of the ensuing table, in which

R = the modulus of maximum resistance,
I, = the modulus of resistance at the elastie limit.
E = the modulus of transverse elasticity.

bending moment x depth of beam |

RorBi = 2 x Inertia

Weight »x cube of length

E'= 75 % Tnertia x deflection

The ultimate resistance was taken at that stage of the experi-
ment where increase of deflection occurred without inerease of
load.

MATERIAL, R Iy E
AR R e .| 44700 1bs, | 81000 lbs. 27600000 Ibs.
Mild steel ........... GR800 ¢ 30500 ** i2971}0000 £
Hard steel.......... .| 80200 ¢ 54500 !ISTSDOOOD £

As is well known, the elasticity of iron is so variable and
unecertain, that no definite value can be assigned to it except
by taking the averages of numerous experiments. Steel
possesses the same uncertain elasticity, especially under trans-
verse and compressive stresses.

The elastic moduli in tension varied from 27 to 83 millions of
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pounds, in compression from 21 to 33 millions, and transversely
the modulus of elasticity varied from 23 to 33 millions of
pounds,

It is probable that there is not much difference on the whole
between the transverse elasticity of iron and either grade of
steel; if any difference at all exists, the steel probably has the
advantage in stiffness, and the experiments indicate that the
mild steel, if anything, is stiffer than the hard steel, the reverse
of what is popularly supposed to be the case.

STEEL BEAMS.

The experiments demonstrate that the transverse resistance of
steel of different grades maintains a ratio practically uniform
with the tenacities of the different steels. Consequently when
steel of known tensile strength is used in beams, the absolute
strength of the beam may be obtained from our rules and tables
for iron by increasing the results in the proportion of the in-
creased tenacity of the particular steel used over that of iron.
The percentage of increase for good qualities of steel, will be
about as follows :

CanBoN PERCENTAGE. | INCREASED E'rnkxia;cl.; ul:zﬁ';im. over Wiroven?
.10 20 per cent.
15 2 i
.20 60 v
.25 65«
.30 80

The experiments do not show that steel of any grade is stiffer
under working loads than wrought ivon. Therefore beams of
either steel or wrought iron having uniform lengths and cross
sections will deflect uniformly under equal loads, below the elas-
tiu limit of wrought iron, and our tables of deflections for iron
" beams as given hereafter, will apply also to steel.
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STEEL SHAFTING.

When absolute strength irrespective of stilfness is alone con-
sidered, steel probably possesses a ftorsionnl strength exceeding
that of iron about in the ratio of the respective tenacities of the
two metals, Therefore, when designing shafting under such
conditions, our formulw for iron shafting can be used, substitut-
ing a shearing resistance equal to § of the tensile strength
of the steel, in place of that given for iron in the article on
Shalting, But in the large majority of cases the usefulness of
shafting is determined by its transverse stiffness, irrespective of
its ultimate torsional strength.

As in this respect the advantage of steel over iron is very
questionable, it will be found necessary to use the same dimen-
sions of steel shafts as determined by our rules for wrought iron,

STEEL STRUTS,

The experiments on direct compression prove that the elastic
limits of steel, as of iron, under stresses of tension and com-
pression, are about equal,

Consequently for the shortest struts, where failure results from
the effects of direct compression, the tensile resistances of steel
and iron serve as a comparative measure of the strut resistance
of the two materials.

But as the strut is increased in length, and failure results
from lateral flexure before the compressive limit of elasticity is
attained, then the transverse elasticity of the material becomes
a factor of increasing impertance in determining the strut resist-
ance,

As in this respect the steel possesses little advantage, if any,
over iron, the tendency will be for struts of steel and iron as the
length is increased to approximate toward equality of resist- -
ance. 'This equality with iron will be attained, first by the
mildest steel, and latest by the hardest steel,

The results of many experiments we have made seem to dem-
onstrate that this equality of strut resistance is practically
attained between iron and mild steel, when the ratio ef length
e least radius of gyration of cross section is about 200 to 1. In
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the case of the harder steels, practical equality of resistence
would probably be reached at some higher but unknown ratio of
length to section,

We give a table exhibiting the comparative resistances per
square inch of section for flat-ended struts of iron, mild steel,
and hard steel, and for further particulurs of the subject refer
to the article on Struts, given hercafter.

1t is quite probable that grades of steel intermedinte between
those denoted in the table will offer intermediate resistance as
struts, in the ratio of their percentage of carbon, other elements
remaining the same.

SPECIFIC GRAVITY.

The specific gravity of steel and iron varies according to the
purity of the metal, and also to the degree of condensation im-
parted by the rolling process.

As a rule the mild steel has a higher specific gravity than
hard steel, and both ave denser than iron. A number of tests
we have made for specific gravity show rolled bars of mild steel
to vary from 7.84 to 7.8%, and hard steel from 7.81 to 7.85
gpecific gravity. Ordinary iron bars will vary from 7.6 to 7.8.

In the form of beams and large rolled seetions generally, the
following figures may be accepted as a fair average.

Material. Welght per cubic foot, Welght per cubie inch.
Mild Steal............ 489.0 1bs. .283 Ih.
ard Steel, .. .onennee 486.6 2815
T e A G R P 478.8 « L2768 ¢

Or for the same seetional areas, the exeess in weight over iron
will be, for mild steel 3.24 per cent. and for hard steel 1.7 per
_per cent.
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FLAT-ENDED STRUTS.

ULTIMATE RESISTANCE IN POUNDS PER SQUARE INCH OF

SECTION.
1
Lexatit Divingn MiLp STEEL. Hanp STEEL.
BY Least Rapios Inox,
oF GYRATION. 12 Cannox. .36 Canpox.

20 46000 70000 100000
30 43000 51000 74000
40 40000 46000 (2000
b0 88000 44000 60000
60 36000 42000 58000
70 31000 40000 555600
80 #2000 88000 53000
90 30000 36000 49700
100 29800 34000 46500
110 28000 82000 43200

120 26300 30000
130 24900 22000 36700
140 28500 26000 33500
150 21750 24000 30700
160 22000 28000
170 18400 20000 25500
180 16800 18000 23000
| 1950 15650 16200 21000
/ 200 14500 14800 19000
210 13600 13600 17200
1 220 12700 12700 15500
230 11950 11950 14400
240 11200 11200 13400
{ 250 10500 10300 12400
260 9890 9800 11500
270 9150 9150 10600
280 8500 8500 9700
290 T850 TR50 9000
300 T200 7200 8500
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RESISTANCE TO BENDING,

When wronght-iron beams are subjected to bending stresses,
the resulting deflections increase nearly in direct proportion to
the inerease of load, up to the limit of clasticity of the iron.
Slight permanent sets can be observed in the beam before the
elastic limit is reached, just as similar sets are obtained in longi-
tudinal tests. After the elastic limit is passed, the deflections
increase in a greater ratio than the loads, and clearly defined
permanent sets occur, until another stage in the experiment is
reached, when the beam shows increasing deflection without any
inerease of load, At this point the element of time becomes an
important factor. The load can be very slowly increased, with-
out the record of stress showing increase, but if the load is freely
applied, the recorded stress may be very considerably augmented.
1t is probable that if the load was left long enough on the beam
at this stuge of the experiment entire failure would ensue.

We call this point, which can generally be very clearly ob-
served, the *“ultimate resistance” of the beams, and whenever
such terms as ‘¢ ultimate load,” ** breaking load,” ete., are used
in connection with bending stresses, this is the load referred to.
The stress at the elastic limit bears no such fixed relation to the
uitimate stress as can generally be observed in tensile tests,
The length of the beam, and probably other conditions, such as
position of load, cte., become factors in determining the ratio,
which in the absence of complete experiments cannot be decided.

MODULUS OF RUPTURE.

If the material of a beam offered equal resistances to tension
and compression, and if the fibres acted independently of each
other in effecting this resistance, then the maximum fibre stresses,
which oceur at the top and bottom of the beam, could be readily
caleulated as follows:

For any rectangular section loaded in the middle § = Aol

ghav
for & beam 1 inch square and 12 inches long, S = 18 W, or in
general terms for any symmetrical beam, under any condition of

Md
.Oﬁd, S= -2—1.
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8 = maximum fibre stress. w0 = load.
b = breadth of beam. 1 = length of beam.
d = depth of beam. M = bending moment.

7 — moment of inertia about the neutral axis at right angles to
the direction of pressure.

But, as previously stated, neither of these usually assumed
eonditions exist. :

It seems probable that the fibres nearer the axis, by means of
wteral adhesion, relieve the outer fibres from a portion of the
stress which the usually accepted theory indicates, and conse-
quently have their own portion of the theoretical stress cor-
respondingly increased. It is therefore necessary to abandon the
deceptive term of **maximum fibre stress,” and substitute a
« modulus ” determined by means of the foregoing formule.

This modulus will vary for varying cross-sections, and recent
experiments make it seem probable that it will vary with the
length of beam, ete.

The average of a large number of experiments on standard
flanged beams give an ultimate modulus of 42,000 1bs. On solid
rectangular sections the modulus will run higher, or from 45,000
to 50,000 Ibs.

We adopt 42,000 as the wodulus for ultimate transverse
strength of T beams. All our tables are calculated by taking

S = 14,000, or one-third of the ultimate strength of the beam.

LIMITS FOR THE SAFE LOAD.

Inasmuch as there is a great diversity in published tables of
safe loads for beams, every one must judge for himself what pro-
portion of the elastic strength of the beam will best suit his
purpose. =

The character of the load must be considered, and the mode of
application of the same. If the load is suddenly applied, espe-
cially if accompanicd by impact, the dynamic stresses resulting
therefrom will not be expressed by fcrmule which are derived
from static considerations alone. Freedom from vibration or
excessive deflection have usually to be provided for, or the beam
may be of considerable length without lateral support. In many
such cases it may be necessary to take one-fourth or one-fifth of
the uitimate strength of the beam as the working basis, instead of
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one-third, as given in our tables, which we give as the *‘ great-
est safe loads.”

We have every confidence in the accuracy of the tables, as the
results of a number of careful tests we have recently made show
that very rarely does the ultimate strength of the beam fall below
the limits we have given, and in some instances it considerably
exceeds those limits,

We have in our own service beams that ave continually subjected
to much higher bending stresses than would be assigned to them
by our tables without any evidence of a want of stability.

FACTOR OF SAFETY.

For factors of safety the following table will give results in
harmony with good practice.

CHARACTER OF ETRESS. GREATEST SAFE LOAD.

Quiescent load, subject to little or no vibra- % } of ultimate
tion as in light roofs, ete. "

Fluctuating loads causing vibration, but
no sudden application of the maximum
load. Such aslateral bracing of bridges,
roofs carrying shafting, ete.

4 of ultimate,

When maximum loads are suddenly ap- ) } of ultimate
; ’

plied.

When maximum stresses are suddenly re- %

versed in direction. # of ultimate.

UNSYMMETRICAL BEAMS,

When beams have not an identical cross-section above and
below the neutral axis, as in Deck Beams, Tees, Angles, ete,,
experiment shows no substantial difference in either the strength
or stiffness of the beams, whether the greatest flange is in ten-
sion or compression, up o or nearly to the elastie limit. When
the least flange is in compression the elastic limit ranges a little
higher than when it is in tension, and in the former case, affer
the elastic limit is passed, the beam generally exhibits much less
defloction and higher ultimate resistance than when loaded with
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the least flange in tension. This is probably due to the high
resistance of wrought iron to crushing after the elastic limit is
passed,

There are some exceptions to this, as in the case of very long
beams that present no adequate resistance to lateral flexure, but
as such cases are outside the bounds of good practice they re-
quire no further notice. The authoritative formul® most gener-
ally accepted are based upon a maximum fibre stress obtained as
follows: S= g‘{—d M = bending moment. d = distance from
neutral axis to farthest edge of section. T = moment of inertia
about the axis passing through the centre of gravity af right
angles to direction of pressure, This does not give results in
harmony with experiments, except by taking S as a modulus,
whose value would not agree with that used for symmetrical
beams, and whose value would have to be derived by experiments
for differing cross-sections. By taking the moments of inertia
above and below an axis so located that the forces producing
tension and compression are in equilibrium, and using the mod-
ulus, § = 42,000, as in symmetrical beams, results harmonizing
with experiments are obtained.

But, for simplicity, we have adopted the following methods
for ealenlating the safe load, which, though incorrect in prin-
ciple, yet give correct results for the particular sections referred
to.

Deck Beams —')-’-2{; =5 = 42,000.

Tees and Angles of equal legs and Md _ =
uniform lhickness?q } 217 TSR

Notation as for equal flanged beams,

PENCOYD BEAMS.
GREATEST SAFE LOADS.

The following tables for I beams, channels, and deck beams
give the greatest safe loads in net tons, evenly distributed over
the beams, and including the weight of beam itself.

These loads are one-third (1) of the ullimate strength of the
beams, and are correct for the corresponding sectional areas




36 WROUGHT IRON AND STEEL.

given. The several values are obtained by the methods deseribed
on page 83, and have been confirmed by numerous experi-
ments. The beams, if of considerable length, are supposed to
be braced horizontally, and it is safest to limit the application of
the tabular loads to beams whose length between lateral sup-
ports does not exceed twenty times the flange width,

Our experience has been that & beam without lateral support
is much more stable than is commonly supposed. In an open
webbed beam, the top flange acts as a simple strut, and is liable
to lateril flexure when the unsupported length is considerable,
Bat in a solid beam the parts in tension sustain the parts in com-
pression rigidly, and prevent the buckling which would other-
Wwise occur,

A number of careful experiments have shown a reduction of
about one-third of the normal modulus of rupture when the
length of the beam becomes 80 times its flange width, But as
the long beam may suffer if exposed to accidental cross strains,
we recommend the greatest safe load to be reduced in such a
ratio for long beams that when the length is seventy times the
flange width the greatest safe loads will be rveduced one-half.,
This will give safe loads, corresponding to given lengths as fol-
lows: '

BEAMS WITHOUT LATERAL SUPPORT.

LENGTII OF BEAM. FROPORTION OF TARULAR LOAD FORMING
GREATEST SBAFE LOAD.
20 times flange width. Whole tabular load.
a0 @ ““ “ A i w
40 o i @ 19‘ : o [
50 W i “ ,]1_.} i "
m “ (L i 1&11 a“ L]
70 " a “ 1': i " “

The safe loads for any other length, not given in the tables
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ean readily be found by simple proportion, remembering if the
span is very short to limit the load to that given in col. xiv,
pages 03-97, headed *¢ Maximum load in tons.” If beams of any
sectional area not given in the tables are used, the strength ean
be found as deseribed on page 106, or a close approximation to
the same by the rule on page 69,

DEFLECTION,

Inasmuch as the elasticity of iron and steel is very variable
and uncertain, the tabular deflections are given as the nearest
probable, and are obtained as described on page 8.

The tabular deflections correspond to the given loads evenly
distributed, and apply to any sectional area for each size of
beams respectively, when the corresponding loads bear a uni-
form ratio to the strength of the beam.

The greatest safe load in the middle of the beam is exactly
one-half (}) of the distributed load, and the deflection for the
former will be eight-tenths (%) of the deflection corresponding
to the distributed load as given in the fables, If the load is
placed ont of centre on the beam, it will bear the same ratio to
the load at the centre that the square of hall the span bears to
the product of the segments of the beam formed by the position
of the load.

Erample.—A 15-inch 200 1b. I beam, 106 feet between sup-
ports, will safely carry an evenly distributed load (by the tables)
of 26.5 fons, and deflect under same .27 inches. The greatest
safe load in the middle will be one-half the above, viz., 13.25
tons, and the resulting deflection % of the former, or .22
inches.

If the weight is concentrated 8 feet out of centre, or 5 feet
and 11 feet from the ends, then the square of half the span being
64, and the product of the segments being 55, the greatest safe
toad will be 2350 — 154 tons,

If a beam of above size and length is used without any lateral
support, reduce the safe load in the ratio aforesaid. Thus the
flange is 5] inches wide, and the length 83 times this; there-
fore the greatest safe load will be a little less than % of the
results in the example.
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I the beam is exposed to much vibration, or the action ol
moving loads, ete., reduce the tabular loads, as previously de-

scribed on page 34,

For beams of other character than deseribed, the greatest
safe loads and corresponding deflections will bear the following
ratios to the tabulated loads, for the same lengths of beams :

CHARACTER OF BEAM.

GREATEST SAFE LOAD.

DEFLECTION.

Fixed at one end, with the

load coneentrated at the
other end,

of the tabular
load.

Onc-eti_ﬁhth (%) part Three and one-

fifth (8}) times
the tabular de-
flection.

Fixed at one end, with the
load uniformly distrib-
uted.

of the tabular
load.

One-fourth (4) part{Two and two-

fifths(24)times p
the tabular de-
flection,

Rigidly fixed at both ends,
with a load in the mid-
dle of beam,

Same as the tabu-
lar load.

Four-tenths (#)
of the tab
deflection,

Rigidly fixed at both ends,
with the load uniformly
distributed.

One and one-half
(14) times the
tabular load.

One-sixth (}) of
the tabular de-
flection.

Continuous beam loaded in
middle.

Same as the tabu-|
lar load

Four-tenths (+%)
of the tabular
deflection. ‘

Continuous beam load uni-
formly distributed.

One and one-half
(14) times the
tabular load.

One-sixth (1) of
the tabular de-

flection.

— [
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BEAMS WITH FIXED ENDS.

It is necessary to bear in mind the distinction between ends
¥ rigidly fixed ” and ends simply *‘supported,” the latter being
" the class contemplated in all our gables of safe loads. By
-.' ""ﬂgidl‘,l' fixed,” as denoted in the previous table, we mean that
the beam must be so securely fastened at both ends, by being
‘built into solid masonry, or so firmly attached to an adjacent
‘structure, that the conneetion would not be severed if the beamn
was exposed to its ultimate load. 1In this ease, the beam is of
. the same character as if continuous over several supports, or
as if consisting of two cantilevers, the space between whose
ends was spanned by a separate beam.

CONTINUOUS BEAMS,

If a beam is continuous over several supports, and is equally
loaded on each span, the greatest safe loads and the resulting
deflections on any intermediate span will be as given in the pre-
ceding table. But the end spans of such a beam, being only
semi-continuous, must be either of a shorter span than the in-
termediates, or if of the same length, the load must be dimin-
ished. See ““Continuous Beams,” page 75.

LIMIT FOR DEFLECTION.

It is considered good practice in the case of plastered ceilings,
or in other circumstances where undue deflection may be pre-
judicial, to proportion beams so that their deflection will not ex-
eeed 4 of an inch per foot of span, or 4!, pe:t of the span.
A heavy black line is marked across, or partly across, each page.
All beams below these lines will deflect in excess of this limit;
those above the line are safe to use,
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PENCOYD

Maximum and Minimnm sections of each shape.

Greatest safe load in Net Tons evenly distributed, including beam itself.
Deflections in inches corresponding to given loads for each size of beam.
For a load in middle of beam, allow one-half the tabular figures.
Detection for latter load will be % of the tabular deflection.

Cnanr 3 I .
NUMBER. 1‘1 2 2|%|3‘3|"| %
e — = -~ I B T — e e e 1T e =
9

Buemor BeAMl| g | 15 | 1 | 157 i; 12 ‘ 12"‘ 127 | @ | s .
= £ — 1 o= — hand
Wr. PER YD.|| 5 | 8 ‘ g 5
et .m.-s‘mlm:imli 104 [ 168 | 163 | 120 | B
= = E
R s, 0.1 o ,J;Im,alg 1095 me.ulaea.u‘m.n g
~ e — —————— '_—.| w — —— = §
GREATEST Sare Loan. g GREATEST SAFE Loan. 5
=il -
10 || 46.20] 42.44) 88,96 22,10/ 11 31,31;' 28.03( 25.24| 21,22 .13
11 || 42.08| 38.58| 85.42) 22,10 [13{| 28.51( 25.30| 22.95( 19.20/ .16

2 || 3857 95,87 0247 22100 5| 26,13 24.11| 21.03) 17.00) 19

13 || 35.61 &!‘Iﬁl 2 ‘Wl sz.mi 18|| 24,12 22.95| 10.42| 16.92| .22
14 || 33.06 30.81 27.83 22,10/ 21 22.431 20,67 18.03| 15.16| .26
i 15 || 80.86( 28.20; ¥5.97) 21.62 .24/ 20.91) 19.20| 16,83 14.15/ .30
16 || 28.98| 20,53 24.85| 20.27| '27{| 19,60 18.08| 15.76] 13.20| .34
17 || 27,23 m.msi 22,021 19,08 30| 18,45 17.02) 14.85| 12.48| .38
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2 2 | 2104 1909 17.71) 14.74 _51! 14.95) 13,15 11.47| 0.65 .84 ;
23 || 20.13| 18.45 16.04] 14,10 56!/ 13.63| 12.08] 10.97| 9.23] .70
B2 | 10.20) 17.08: 16,33 13.51) 61| 13.07) 12.05 10.52 S.84 .77
© 95 || 18.52| 16.98] 15.58] 12.07) ge|| 12.54| 11.57 10.10| 8.49! 183
__]_.#“
B 7.80) m.&zl 14.90| 12.47| 72!/ 12,06 11.18] 9.71| B.16| .80
S 21 || 17.) 15,72 1.43) 12.00) [7y|| 11.61] 10,72 935 786/ o7
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2 || T T T 0.0 08| 9.8 004 7.89 6.631.36

a3 | 14.0:;i 12.806) 11,81 u.ensiz.m 9.50 t:.‘ru.l 7.05 6.43(1.48 |

|

L {

\
|



7 .

| o sweag o uoasxownnang | S38E BRYS STIE R9¥s gnss Iuae
2 - a|s|e ]| SRET SRE[F WELE BE3n Lo |
H = 3 Hei=S SSWD =S SEKE MieF S
% 3 = || g | %58 E2%% mmw|-!, “ZEag S8
m.m 1 |R|- = m 2 = _ gz SERD Ti=e= wmmm mmw mmmm
AR e & w...m‘aal _—
AT S
T X = = - - 4wsw.l.r .a e ¥ ZNEE EEES
. ; mm §|-[=is|3(3/3%2 3a0s TIoF fhmR o
: 11 mm cxvag Ao) w0t wononisaq | S988 BARY 989 5| fag8 8428 henE
.M 2 = = = o S . e
532 3 ] $=82 R3s§ S2a %] ANsk %38
m mmmw s | LR R Sans Seee sond 3335 2833 zes
Sn3gT =2 =88 & === SES
3 sf3:2|=|E|2 |2 : Saon 322 =3RS F REIT ZEER RRSE
= z3 32 = o . L e s
£:33 2 J B2ZR 3458 223§ 8GR
m mmmmw HEAEAE] m Eden secc e o eang wmmm. e
EzES T 5 R8s 3 BT
s £2 = 2 | = BRRS 3559 INCA| k308 &
g m Mwmmm =g ._ﬁ g m Stesd musi= ges o mwsm nmmm Mmmn
i3 S |2 |9 || 8 | S358 8a%% 3xc & k332 §3E5 £EER
m .mm.m.w p = W ml = M FotE uxuEd Hmmm__ cown mmmn.. TMBG
P = |2 |5 | [¥55% Gems 2%z g snas sass Gea
mwmmm oI | R nas dics mic il Soae abes eedn
.ﬂ Z255 N34 A555 =328




SRVA( ,,§ NOA SNOILOTTAR( _ 5338 \AKS ﬂ“u1 2 HSR
[ ¢ | 9928 ER@y EASlT 93353

S=o% weos Banld = Tred temmed eoisiod

———

a el

7.5 €9.2

12

ZHSS oS Snld < wvd wwen oede

FEZE SRZz LEESR

&S wewn sane

"EE3% R=28 & ﬁ
naﬂ

wENe Swwts
————

s B%ci Renf SSEs asss 9N%d
m ﬂlons 8-..!7. 8 555 nﬂlu“ 44-18

8257 ANER A%w 8 SpERE 8 B35 aRIS
T s | 3333 Pa=% S8=® JSaE Ynsa Loss

sidos cE®Eis oo Bfdee wewd senn

|
8 ‘ g l 8 ‘ 8
|

GREATEST BAFE LoAD,

&l,ﬁj £3.90/

\

Maximum and Minimum sections of each shape,

ZEE B IREES

106.8\ ™

LEBe =SS% g e Sfdbio Wesw weRn

BASE AARS AR S Z[E=z SR8 caaa

SSnn eSS Lo b ﬁ.ﬂﬁa Wb W

LERZ EIER SE=E S|E52 25ty RN

ZREE zZ=E2z Soc® witrs cogs wees

WROUGHT IRON AND STEEL.
”’l
8

1
|
GREATEST BAFE LoaD
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for latter load will be 155 of the tabular deflection,

o

Greatest gafe load in Net Tons evenly distributed, Including beam itself.
Deflection in inches corresponding to given londs for cach size of beam,

For load in middle allow one-half the tabular figures,

Deflection
CHART
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MoMERT OF
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Deflections in Inches corresponding to given loads for vach gize of bear.

Greatest safe load in Net Tons evenly distribated, including beam itself.
For a load in middle of beam sllow one-half the tabular figures,
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timum and Minimum sections of each shape,
est gafe load In Net Tons evenly distributed including beam itself,
octions in inches corresponding to given loads for each size of heam.,
Joad in middle of beam allow one-half the tabular figures.
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Maximum and Minimum sections of each shape.

Greatest safe load in Net Tons evenly distributed, Including beam itself.
Deflections in inches corresponding to given loads for each size of channel.
For a load in middle of beam, allow one-half the tabnlar fignres.
Detlection for latter load will be 4%; of the tabular deflection.
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Greatest #afe load in Net Tons evenly distributed, including beam itzelf.
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12" and 11"
=t

10" and 9"

Maximum and minimnm sections of each shape.

Greatest safe load in Net Tons evenly distributed, including beam itself,
Deflections in inches corresponding to given loads for each eize of beam.
For a load in middle of beam allow one-half the tabular figures,

Deilection for latter load will be 1% of the tabular deflection,
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52 WROUGHT IRON AND STEEL.

IRON FLOOR BEAMS.

‘When I beams are used as floor joists or girders, the spacing
and proper size of beams depends on the amount and character
of the loads, as well as the distance to be spanned. Not only the
positive strength, but the elasticity or amount of deflection per-
missible must be considered.,

A henvy load per unit of area may not require as strong a
floor as that necessary for a lighter one, if the latter be liable to
sudden application, especially if accompanied with impact,
while the normal state of the heavier load is quiescence, or slow
and even change. It would require a special treatise to describe
the subject, and those lacking experience are referred to the
published literature which is now very ample and complete. It
has been demonstrated that the greatest mass of men that can
be packed on any floor will not exceed in weight 80 lbs. per
square foot. The weight of the iron beams will depend on the
span, for which see n general rule farther on. If brick arches
are laid between the beams, the weight of a 4" course of briek,
including the concrete filling, will be about 50 Ibs. per square foot,

Within the limits of iength of span in which rolled I beams
can be used, it may be assumed that a floor is safe to sustain the
greatest possible load of men, when the following loading does
not exhibit a greater bending stress on the beam than that de-
noted in the tables, under the head of “ Greatest Safe Load Dis-
tributed,” pages 40-51.

i Beam joists with wooden floor = 100 Ibs. per square foot.
Wooden floor and plastered ceilings = 110 « * &
4" brick arches and conerete filling = 150 ¢« *+

These figures represent the total weight of floor itself and the
imposed load.

When the floor beams are subject to the action of moving
loads, it is necessary to make allowsnee for a greater nominal
weight than actually may occur, especially if the span is long
in proportion to the depth of the beam. If the beams are too
light, the resulting tremor and vibration will be a source of dis-
gomfort to the user, if not of weakness to the structure. The
same results are obtained by assuming either a higher nominal
load per unit of area than actually ean occur, or adopting a
higher factor of safety, than given in our tables, for the actual
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loads. Floors proportioned as follows for given purposes will be
and satisfactory. The weight of the matcrial may be included
in the figures,

CHARACTER OF FLOOR. LOAL PER 8Q. FT.

Very lightest floors, plank covering........... 100 Ibs,
3 y lightest floors, brick arches............. 150 #
‘Light warehouse floors. .. .-..covivevrnnsnn. 200 ¢
[ialls of audience. .. ... ........ . c.iienaie. 200

Warchouses in which heavy pieces are moved. . 250
‘Shop floors for light machinery.............. 250 ¢
- Shop floors for heavy machinery.............;300 to 500 lIbs.

GENERAL RULE FOR THE WEIGHT OF IRON IN
FLOOR BEAMS.

~ When the standard section of any size of beam is used,
‘the weight of iron obtained by the following rule will be
found to approximate closely to the actual amount required:
- Square of span in feet divided by 5 times the depth of the beam
in inches, equals the pounds of iron in the beams per square
” n* ~

foot of floor Es-?::éﬁh = Ibs. )

This is for a load of 150 Ibs. per square foot, and the beams
‘strained up to the maximum safe limit as given in the tables.
With the same space the weight of the beams will vary directly
‘a8 the load varies, consequently the weight of iron for any other
‘required loading per square foot can be obtained by proportion
from above rule. Erample.—A floor of 20 fect span is subject
to a load of 150 Ibs. per square foot. The weight of the iron

{3
beams will bo ;> = 5.8 Ibs. per square foot of floor, if 15"

ST 20 _
Beams are used, or if 12" Beams are used ol 6.66 Ibs. per

square foof. To these figures add the we.ght of ends built into
the wall, which should be from 6" to 12" at each end, aceording
to the span, ete, If the load to be sustained is 250 lbs. per sq.
foot, on 15" Ibeams the necessary weight becomes as 160 : 250 ;i
5.83 lbs.: 8.88 lbs. per square foot.
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This rule applies only to the minimum section of any I beam.
If the section is inereased, the weight of iron required will also
increase. By the above it will be observed that the deeper the
beam used the less the amount of iron required, and such is the
case as & general rule.  But for short spans the use of the deep-
est beams might require too wide a spacing to suit the covering
of the floor. Then the best economy requires the adoption of a
shallower and lighter beam. For brick arches for fire-proof
floors it is usual to limit the rise or spring from 3 to 6 inches, in
order to build in and conceal the tie rods, which should not be
much if any above the center of the beam. For such flat arches
the spacing of the beams should not exceed 6 feet, and if a
single 4" course of brick is used, it is safest not to exceed 5 feet
separation. Of course for arches of more rise and for other
special purposes than indicated above, no such limitation is
nECessary.

SPACING OI' FLOOR BEAMS.

The following rule gives the greatest distance apart that floor-
beams can be placed to support safely any given lond per square
foot. Multiply the length of span in feet by the load in Ibs. per
square foot. Find in the table, page 40, the safe load in Ibs. for
a beam of the size and length desirable to use. Divide this safe
load by the produet first found, and the quotient is the greatest
distance in feet that the beams ought to be placed, center to
center. Or Distance = S_ﬂb_t_xul.

w L
L = length of span in feet.

Erample —A floor of 20 feet span with its full load will weigh
150 lbs. per square foot. Different sizes of beams may be safely
spaced as far apart as follows : For 15 — 145 lb. I Beams

32430
20 % 150
21220
20 2 150

The tables on pages 56-62 show the greatest distance apart,
center to center, that beams should be placed for a loading (in-
eluding the weight of the floor itself) of 100, 150, 200, or 250 lbs.
per square foot.

w = lbs, per square foot.

= 10.8 feet center to center. For 127 120 1b. I beams

= 7.07 feet, ete., ete.
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" The deflections of the beams which are given in the tables
be uniform for beams of the given spans so long as the spac-
ing is proportioned according to the table.

In the case of plastered ceilings or other circumstances where
ue defleetion might be injurious, it is considered good prac-
to limit the deflection to about y}; of the span. When
deflections execed this amount, the corresponding loads in
table are printed in small figures, When the deflection is
w this amount, the figures for the loads are in larger print.
1e proper spacing of beams for any load is inversely propor-
med to the loads. Consequently the proper distance apart for

y from the table as well as by the rule previously given.
Rule.—Multiply the distance given in the table by 150 and
e by the number of 1bs. per square foot required to be sus-
The quotient will be the greatest distance apart for the

| Ezample.—What is the greatest distance apart 8" 65 Ibs, I
‘beams can be placed to support safely a load of 220 lbs. per
square foot, the beams having a clear span of 18 feet ? By the
table the spacing for 150 lbs. per foot is 3.3 feet s%@ =225

feet, the distance required.
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Greatest distance between floor beams eo that the bending stress on the
beam will not exceed its maximum safe load.
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PENCOYD H BEAMS.

Greatest distances between centres of floor beams, 8o that the bending

stress on the beam will not exceed its maximum sufe load,
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62 WROUGHT IRON AND STEEL.
PENCOYD BEAMS.
Greatest distance between centres of floor beams so that the bending
giress on beam will not exceed its maximum safe load.
Figures in small type denote that the b s0 placed will deflect more
than gt of an inch for each foot of span.
. 8 k
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TIE RODS FOR BEAMS SUPPORTING BRICK ARCHES,

The horizontal thrust of Brick arches is found as follows :
i [ 2

?1'51:”' = pressure in lbs. per lineal foot of arch.

W = Load in lbs, per square foot.

L = Span of arch in feet

I = Rise in inches,

Place the tie rods as low through the webs of the beams as
_possible, and spaced so that the pressure of arches as obtained
‘above will not produce a greater stress than 15,000 Ibs, per
‘square inch of the least section of the bolt.

Lrample.—The beams supporting an arched brick floor are
five feet apart, and the rise of the arches is six inches. The to-
tal weight of floor and load equals 150 1bs. per square foot.

! L
Then 5x1:0x25

arch, If one-inch screw bolts are used which have an effective
section of {}; square inches. Then .6 x 15,000 = 9,000 1bs, which
~ is the greatest load the bolt should be allowed to sustain, and
9,000
9375
‘same manner we would find 5.8 feet, if | inch tie rods are used.
Ordinarily it will be found necessary to limit the spacing of
the tie rods to avoid excessive bending stress on the outer beams
of the floor, orto prevent this bending stress being transferred to
the walls of the building.

The ability of the outer beams to resist the horizontal bending
action caused by the pressure of the arches is determined as fol-
lows :

= 937.5 lbs, pressure per lineal foot of

= 0.6 feet = greatest distance apart of the bolts, or in

LATERAL STRENGTH OF FLOOR BEAMS.

The resistance to bending of any I Beam or Channel bar, for
a foree acting at right angles to the web, or in the direction of
flanges,

the

01
W=};—F for I Beams,

SI
= iF for Channels.
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W = Bafe distributed load in net tons.

L = Length in feet between supports,

F = Width of flange in inches,

I = Moment of inertia, axis coincident with web, see col
viil., pages 02-101,

The above gives results which have been proved by experiment
nob to exceed one-third the ultimate strength of the beams. The
formulw given properly apply to beams secured ab each end
only. I the beam is of considerable length requiring supports
at several points, it can be considered as continuous (see page
75), and the formule become,

1571
W= zplorl Boam

W= %{, for Channels.

Erample.—A 9-inch 70 1b, I Beam forming the outer support
for an arched brick floor has the tie rods at intervals of 6 feet,
What evenly distributed horizontal pressure will it safely resist ?
I=5.0 (see col. viii,, page 92), F=4} inches (see col. C,
15 x 5.6
page 2). Then W= B x 4
eal foot of arch.

Knowing the amount of the load W and requiring the distance

L. Above equation becomes LF = 157 . which W' = pres-

wir
sure or load on beam per lineal foot.
Erxample.—~An 8" 43 1b. channel bar forms the end support
for a system of brick arches having aspan of 4 feet and 4 inches
rise. How closely ought tie rods fo be pluced so that the chan-
nels will not be overstrained ? The horizontal thrust per lineal

foot of arch = M___M = 900 lbs. or .45 tons, =217
F=2.

= 8.4 tons or 1,130 Ibs. per lin-

_ 12x217

L'_.ﬁa.ﬂﬁ

or L = 5 feet.
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It will generally be found that an angle bar makes a better
and more economical support for the arches on the side walls
than cither an I beam or channel,

The resistance to bending of an angle is readily found by the
rule given on page 69.

W= 1!;—'0 = safe distributed load for & non-continuous
beam,
W 1.44D safe distri X
=7 — =sfe distributed load for a continuous beam,
s 1.44D . : p
And as before I? = o A being the sectional area in

square inches, and D the width or size of the angle in inches.
Applying this rule to the last example, and considering the 8"
channel replaced bya 4" x 4" x §" angle whose area—=3.75
square inches.

L= l—if%? = 46.6 or L = 6.8 fect between centers
of boits. Stress on bolts 900 x 6.8 = 6,120 Ibs, To resist this
¥ would be the proper diameter of the screw,
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BEAMS SUPPORTING BRICK WALLS.

If the wall has no openings and the bricks are laid with the
usual bond, the prism of wall that the beam sustains will be of

¥
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a triangular shape, the height being one-fourth of the span.
Owing to frequent irregularities in the bonding, it is best to con:
sider the height as one-third of the span.

The weight of brick work for each inch of thickness, is about
10 Ibs. per square foot. Therefore the weight of the triangular
mass of brick that the beam supports is found as follows :

span % %!a’n Jeet
= % 10 times the thickness of the wall in inches
= weight in lbs.; or reducing above to its more concise form,
10¢s*
W="—5"
W = Weight in lbs. supported by the beam.
¢ = Thickness of wall in inches.
& = Span of beam in feet.

The greatest bending stress at the center of the beam, result-
ing from a brick wall of above shape, is the same as that caused
by a load one-sixth less concentrated at the center of the beam.

Lvample—What beam will be required to span an opening of
16 feet, and carry a solid brick wall 8 inches thick, the beam not
to be strained more than one-third of its ultimate strength ?

Weight of wall by the rule, W = 10 %% 30 _ g 415 g

Considering the load asin middle of beam, it would be five-
sixths of above = 2,845 Ibs., or 5,600 lbs. if evenly distributed.

By our table page 43, a 7" I beam 52 lbs, per yard, comes near-
est 1o what is required, its greatest safe distributed load being
8.5 tons.  The deflection under this load will be ubout .45 of an
inch, found as described on page 89,

If a wall has openings such as windows, ete.. the imposed
weight on the beam may be greater than if the wall is solid.

For such a case consider the outline of the brick, which the
beam sustains, to pass from the points of support diagonally to
the outside corners of the nearest openings, then vertically up
the outer line of the jambs, and so on if other openings occur
above, If there should be no other openings, consider the line
of imposed brick work to extend diagonally up from each upper
corner of the jambs, the intersection forming a triangle whose
height, is one-third of its base, as described at beginning.
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APPROXIMATE FORMULJE FOR ROLLED IRON
BEAMS.

The following rules for the strength and stiffness of rolled
iron beams of various sections are intended for convenient ap-
- plication in cases where striet accuracy is not required.
~ The rules have been derived from the authoritative formule,
Those for rectangular and circular sections are correct, while
those for the flanged sections are limited in their application to
the standard shapes as given in our tables. They will be found
to give results which haye been proved by experiment to be suf-
ficiently accurato for practical purposes. When the section of
‘any beam is increased above the standard minimum dimensions,
¢ flanges remaining unaltered, and the web alone being thiek-
“ened, the tendeney will be for the ultimate load as found by the
rules to be in excess of the actual, but within the limits that it
is possible to vary any section in the rolling, the rules will apply
without any serious inaccuracy.
IN THE TABLES OF FORMULA
Column [, indieates the eross section of the beam.
Column 11, gives the ultimate load applied at the center of a
beam supported at each end,
Column I11. gives the ultimate load uniformly distributed overa
beam supported at each end.
Column 1V, indicates the deflection under any load, w (not ex-
ceeding one-half the ultimate load) at the middle
of the beam.
‘Column V. gives the deflection for a load uniformly distributed.

SAFE LOADS.
The ultimate lond given in the tables is defined on page 82,
One-third of this should be accepted as the greatest safe station-
- ury load, and from one-fonrth to one-sixth of the same when a
moving or fluctuating load is imposed, aceording to the way it is
applied, or the degree of stiffness required. See Lable, page 34.

10 A = WEIGHT PER YARD IN LBS,
The area, A, of any cross section of wrought iron may be ob-
tained by dividing its weight per yard by 10 ; and vice versa, its
weight per yard may be found by multiplying its area in square
~ inches by 10 ; e.g. the area of a beam weighing 50 1bs. per yard
is five square inches.
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Exampres CALcuLaTep rroM Preceviye TabLes.
SOLID RECTANGULAR SECTIONS.

FEzample 1.—To find the bresking load for any solid rectan.
gular beam loaded in the middle,

3 C = Solid rectangular bar, 2 inches wide, 4 inches

deep and 10 feet between supports. Then, from For-

mula No, 1, we lu:.m“3 =;oix_4 =4.16 tons breaking
load in middle of beam.

Fzrample 2.—To find the uniformly-distributed breaking load
for same beam.

Formula No. 2. 2_'13_1‘{[.?_’11 —8.82 tons breaking load uni-
formly distributed.

Ezxample 3.—To find the deflections for above beam under the
greatest safe loads; viz., one-third breaking loads,

Formula No, 3. 1-39 X 1000 _ o4 ;- ches, for a Joadof 1.89
_ 80 x 8 x 16
tons in middle.
o o BT 1000 _ o ixs
Formula No. 4. BBt 0.45 inches, for a load of 2.77
tons distributed,

HOLLOW RECTANGULAR SECTIONS,

Ezample 4.—To find the breaking loads for any hollow rec-
tangular beam supported at both ends,

& Let O be a hollow rectangular section, 4 inches wide,

* 8 inches deep, external dimensions ; 8 inches wide, 6

c f inches deep, internal dimensions; 15 feet between sup-

ports,
Formuoh No. 5, 1'3_[@’?;1‘_%:_‘M= 12.88 tons, break-

ing load in middle; and multiplying this result by 2, we have
25.66 tons for the breaking load uniformly distributed.



EXAMPLES FROM PRECEDING TABLES. 71

Ezample 5. To find the deflection of this beam with three tons
in middle; also with six tons distributed.

2 r 3 = 8875
Formula No, 7. m L18 <

flection with three tons in middle,

! 6 x 3875
Formula No. 8, 8@ « M)_(iaxas)]-ﬂainehesde-

flection with six tons distributed,

36) ] = (.24 inches de-

SOLID AND HOLLOW CYLINDERS.

apply to the circular sections by merely sub-
stituting the proper co-efficienis as given in
Formulm 9 to 16 inclusive.

Q The preceding examples for rectangles will

EVEN-LEGGED ANGLES AND TEES,

Ezample 6,—To find the breaking loads for an even-legged
angle or tee, used as a beam supported at both ends.

£ eight, 87 lbs, per yard or 3.7 square
' inches section; 12 ft. between supports.
4
| FormulaNo 18 28x37x4 _ 445
s =y 12

tons breaking load uniformly distributed, or 1.73 tons breaking
load in the middle,

Ezample 7.—To find the deflection of the above beam under
& load suspended from the middle of the beam.
Load = 1500 1bs, = .75 tons.

.75 x 1728
34 x 3.7 x 16

Theoretically an angle has the same transverse strength as a
tee of the same dimensions. But owing to the difficulty of dis
posing the load as symmetrically on the angle as on the tee, the
latter shape generaily yields better results by experiment. -

Formula No. 19, .64 inches deflection.
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CHANNEL BARS.

Ezample 8,—To find the breaking loads for a channel bar
used as a beam supported at both ends.
iy Channel bar 9 inches deep, 70 pounds per yard; 7square
inches section, 14 feet between supports.
Farmula No. 22. 3—.1?-1143—3(—9 = 17.1 tons distributed
breaking load, or half this weight will be the breaking load in
the middle.

Ezample 9.—To find the deflection of above beam under
greatest safe distributed load.
17.1

= 5.7 tons greatest safe distributed load.

Formuls No, 24, J:7 X 214 _ 4 & i1\ches deflection.
80 x T x 81

I BEAMS,

Ezxample 10.—To find the breaking loads for an I beam,
loaded in the middle and supported at both ends,
. A 15" I beam, 200 Ibs. per yard, 20 square inches area,

o

2.1 x 20 x 15
20
=31.5 tons middle breaking load; one-third of which

=3 (10.5 tons) will be greatest safe load in middle, or twice
this (21 tons) equals greatest safe load distributed.

[ 20 feet between supports. Formula No, 29,

Ezrample 11.—To find the deflections for the same I beam

under the above greatest safe loads.
10.5 x 8000 _ ., .
Formula No. 81. oo o .33 inches under a load of
10.5 tons in the middle,
T 21 b 4 8000 o 8
Formula No. 32, 590 3B .41 inches under a load of

21 tons uniformly distributed. l|

Although the preceding rules for I beams and channels give
results which are substantially corvect for all the standard sec




EXAMPLES FROM PRECEDING TABLES. 73

tions as ordinarily rolled, yet they ave not strictly accurate, and
not applicable fo the heavier-built beams, whose flanges are
much larger, relatively to the web, than is the ease in the aver-
age rolled beams, For such cases, the following formula is

correct. 8.0 4 ‘Dlg 1804 =breaking load in middle of beam.

A’ = Area of one flange,

D' = Depth between centres of flanges.

a' = Area of web,

d' = Depth of web.

For example, a beam 20 inches deep, flanges 8" x 1", web "

, 5. thick, 20 feet between supports, 5
6.6 x8x 19" +1.9 x 4.5 x 18__

e TR N s o

breaking load in middle of beam; whereas the Rule in

Table for Rolled Beams would give a similarly placed load of

2.1 % 20.5 = 20

20

55 tons

= 43 tons.

When the load is concentrated away from the centre of beam,
the ultimate load will be to the load at centre as the square of
half the span is to the product of the segments formed by posi-
tion of load.

Lizample.—A beam 20 feet between supports has its load
placed 5 and 15 feet respectively from each end : the breaking
load at that point is to the calculated breaking centre load as 100
is to 5.

BEAMS HAVING NO LATERAL SUPPORT BETWEEN
BEARINGS.

If beams are us:d without any support sideways, the ten.
dency to fail, by lateral bending of the top flange, will increase
with the length of the beam; and, in such cases, it is better to
limit the application of the preceding rules to beams whose
lengths do not exceed 20 times the width of the flange, gradually
increasing the factor of safety for longer beams ; so that, when
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the beam reaches a length equal to 70 times the width of the
flange, the greatest safe load would be about one-sixth of the
caleulated breaking load, or the proper factor of safety for the
latter beam would be double that for the former. (See page 36.)

CANTILEVER BEAMS.

The application of the preceding rules to overhanging beams
fixed at one end and free at the other, is best indicated by sup-
posing a beam with both ends supported to be inverted, and the
reaction of the supports considered as the positive load.

It is then evident that a beam, A €' (see above illustration),
both ends supported, will be strained with a middle load, W, in
‘an equal manuner to a cantilever, A B or B C, of half the length
of A € and having a similar section, and bearing one-half the

Joad (or T,—V) at its end.

EXAMPLES FOR CANTILEVER BEAMS,
A rectangular bar, 6" %27, built into a wall and projecting
% eight feet. For load wncentmted at its end, take one-
T fourth the co-efficient in Table for Beams with both ends

i supported and load in middle. 1—84-%-%”} = 2.9 tons

ult.inll':ma load. Deflection under one-third of above, or say nine-
tenths of a ton; substituting one-sixteenth of the co-efficient for

deflection when load is in middle. St 0.56 inches
x 12 x 36

14
deflection at end.
A 12-inch I beam, 15 square inches section, extends
+ 10 feet beyond a rigid support. For a load evenly dis-
i tributed, take one-fourth the co-efficient for a beam }
-+ supported at both ends, bearing a distributed load.

1&’.‘14‘1]"_323 — 18.9 tons breaking load distributed,

e s i |
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For deflection under five tons distributed, substitute one-sixth
of the co-efficient for deflection in Rule for Beams supported at

4 2 5 5 x 1000 by "
both ends with load in middle. TR i 0.25 inches
deflection at end of beam.

CONTINUOUS BEAMS,

When a beam is continuous over several supports, or when
both ends are as rigidly secured as is necessary at the fixed ends
of a cantilever, the beam is practically in the same condition as
a non-continuous beam of shorter span.

When the load is applied at the middle of the span, the ulti-
mate breaking load of a continuous beam is equal to twice that
for a non-continuous beam similarly loaded and of the same
length and section.

When the load is evenly distributed, the ultimate load for a
continuous beam is 1.5 times greater than the ultimate load for
a non-continuous beam under the same conditions and of the
same length and section.

The deflection of a continuous beam is one-fourth that of a
non-continuous beam when similarly loaded.

To find the strength and stiffness of continuous beams, take
the rules given for non-continuous beams and alter the co-eflicients
in the proportions stated.

EXAMPLES FOR CONTINUOUS BEAMS.

A 4-inch I beam of three square inches section is continuous -

over supports twenty feet apart. To find the greatest safe load
uniformly distributed, and corresponding deflection, take
1.5 times the co-efficient for a similar non-continuous beam.
“'ﬂ‘ﬁsﬂ — 8.78 tons breaking load, or 1.26 tons safe distrib-
uted load. For deflection, take four times the co-efficient for the
1.26 x 8000

BB x10 L oootan

same class of non-continuous beam.

inch deflection,
For a continuous beam bearing load in middle, take twice the

P
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eo-cfficient given for the strength of a similarly loaded non-con-
tinuous beam, and, for deflection of the former, take four times
the co-efficient given for the latter beam.

It will be observed that these rules apply only to the interme-
diate spans of continuous beams, as, owing to the failure of con-
tinuity at one end of each outer span, the conditions are altered.
If, however, the outer ends of a continuous besm overhang the
end-supports from one-fifth to one-fourth of a span, and bear the
same proportion of load as the parts between supports, then the
outer spans may be of same length as the intermediate spans,
subject to the same load, and the strength and stiffness are de-
termined by the same rules ; otherwise, the outer spans ought
to be only four-fifths of the length of the intermediate spans
when the load is distributed, or three-fourths of the same when
the load is concentrated in the middle ; or, if the lengths of
spans are all alike, the loads on outer spans ought to be reduced
in the same proportion.

The following table exhibits the relative proportions of
strength and stiffness existing between the various classes of
beams when they have the same lengths and uniform cross
sections ; the deflections being comparative figures for the same
loads.

Kixp or Beaw Brenking | Deflection
- - as

losd ns
Fixed at one end—loaded at the other....... | 3 16
Fixed at one end—load evenly distributed...| 6
Supported at both ends—Iload in middle..... 1 1
L e e e - i M A
Continuous beam—load in middle........ ot 4
Continuous beam—load evenly distributed...| 3 fr

The breaking load and deflection of a beam supported at both
ends and loaded in the middle have been taken as the units in
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the preceding table, and—the proportional strength and stiffness
of similar beams under different conditions given—to find the
proper co-efficient for estimating the strength and stiffness of
the beam required, it is necessary to alter, in the given propor-
tions, the eo-efficient for the same beam when supported at both
ends and loaded in the middle.

CHANGES OF CO-EFFICIENTS FOR SPECIAL FORMS OF
BEAMS,

For beams of the character denoted in list below, ehange the
co-efficients in table of formule, pages 68-69, in the ratio given.
For concentrated loads and distributed loads respectively,
change the co-efficients given for the same kinds of loads in the
table.

KIND OF BEAX. OLTINATE LoAD, | . DEPLECTION:
Fixed at one end, loaded at{One-fourth ({) of|One - sixteenth
the other. the co-efficient of, (4};) of the co-
table. efficient of ta-
ble,
Fixed at one end, loadOne-fourth (1) of Five - forty-
evely distributed. the co-efficient of eight.hs {5) of
table. the co-efficient
of tables.
Both ends rigidly fixed, or{Twice the co-effi- Four fimes the
a continuous beam,| cient of table. co-cflicient of
with load in middle. table.
Both ends rigidly fixed, orOne and one-half Four times the
acontinuous beam,with| (13) times the co-| co-efficient of
load evenly distributed.| eflicient of table.| table,
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BENDING MOMENTS AND DEFLECTIONS FOR BEAMS
: OF UNIFORM SECTION.
W = Total load. E = Modulus of elasticity.
L = Length of beam. I = Moment of inértia.

FonM oF BEAM AND POSITION OF mm‘:‘;ﬂ :ﬁﬁmt:? Deflection.

e moment, stross,

Beam fixed at one end loaded at the
er 2

1~ FIG. 1

> at point of .:potnr;tof at end of
L1 beam

B = WL h _ w2

e ~ 3EI

Draw trinngle having A = WL.
Vertical lines give Ix:ndiua?uuwntl
beam.

at corresponding points on
Beam fixed at one end, load uni-
formly distributed : i
at point of | at point of | at_end of
lupaart B
_ WL = W. = W
=0 = REI’

Draw parabola having 4 =

Ordinates give bending moments at
corresponding poivts on the beam.

Beam supported at both ends, load-
edlnlhnmpi];‘dle-: /-

FIG. 3

at middle | at point of | at middle
of beam supﬂpurt of beam
= WL a3V S

7 I s <on A = 48ET

T o
WL
Duawm-nglahgving,l:T.

Vertical lines give bending moments
at corresponding points on : beam,
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BENDING MOMENTS AND DEFLECTIONS FOR BEAMS
OF UNIFORM SECTION, :

W = Tolal load, E = Modulus of elasticity.
= Length of beam, I = Moment of inertia,

Maximmin | Maximum | "
Forx or m:o ::'n romiriox op [ PRI | ehearing | Deflection, F

moment, slress,

l‘Jlrn::m-d at both ends, load
anl[ormly stributed

FIG.4

i at middle | at point of | at middle
il 1 1] = of beam | support | of beam
| | 1 ol o 8
fraizie | B 2 .81
0000000
Draw parabola having A _ﬂ
Ordinates give ben mnmenlsa&
ni dmi
Bnp. ru-datboth ends, load
mmnuncgnumpo at point of
u]?mt
mr}ga
FIG. 5 -
ition | — L = | at position
UpRAS) TR | ecse
i _ Wab | at point of o e
4 b 7 s1 =~ 3EIL
il next 10 b
PRSESRY Qe b e Wa
= L ————y =T.
Muluugiahlrhlzd=y_{—°-
* Vertical lines bending moments %
Wﬂ@;&n nf’}m \
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BENDING MOMENTS AND DEFLECTIONS FOR BEAMS
OF UNIFORM SECTICN.

W = Total load. E = Modulus of elnsticity.
L = Length of heam. 1 = Moment of inertia.

Beam supported at both ends, with concentrated load at various points ;

FIG. &

Draw (by 5) the triangles having vertices at ¢!, D and £, the verticals rep-
resenting bending moments for loads w?, w* and w?, respectively. Extend
FCto P, %D to R, and HE to S, making each long vertical equal to the snm
of the bending moments corresponding to it= position. That Is, FP = F(
4 FI4+FL GR=GD+ GL+ GK. And HS = HE 4 HN+ HM. Vertl-
cals drawn from any point on the polygon, APRSE to AR, will represent the
bendi ts at the corresponding points on the beam,

Beam rigidly secured at each end, and loaded in the middle. Or the inter-
mediste spans of a continnous beam, equally loaded in the middle of each

span :
e FIG. 7

Points of contraflexure at #, x, where Moment = (. Distance of 2 from

either support = % Equal moments at middle and ends = EBI" Deflection
= w2
1RET

Draw a triangle having A = -‘—EE' and at ends draw verticals IR’, each

- "’T"- join BI'. The vertical distances between B’ and the shiles of the
triangle, represent the moments for corresponding points cn the beam.

L . e k.. TN




BENDING MOMENTS AND DEFLECTIONS FOR BEAMS

OF UNIFORM SECTIONS.

W = Total load. E = Modulus of clasticity.
L = Length of beam. 1 = Moment of inertia.

Boeam rigidly secured at each end with load uniformly distributed.
Or the intermediate spans of a continnous beam bearing a uniformly dis-
tributed load on each span :

FiG. 8

“-— L =g

Points of contraflexure x, x, where moment = @. Distance of z from
either support = 21L.
WL

Draw parabola having A = —“- Draw verticals B, B, each equal o

IIE';I join A, The vertical distances between BB’ and the eurve of the pa-

rabola represent the moments for corresponding points on the beam.
Maximom moment ot polnis of support = 4.2

T

Moment at middle of beam = %L.

Maximum deflection at middle of beam = Lo
~ 807.2ET

-
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BEAMS FOR SUPPORTING IRREGULAR LOADS.

When a beam has its load unequally distributed over it, the
proper size of the beam ecan be determined by finding the maxi-
mum bending moment and proportioning the beam accordingly,
Equilibrium is obtained when the bending moment is equal fo
the moment of resistance. That is, when the external force mul-
tiplied by the leverage with which it acts is equal to the strength
of the material in the cross section of (he beam multiplied by
the leverage with which it acts. The ultimate moment of resist-
ance for a wrought-iron beam of symmetrical form is

jdepth ™ d
d = depth of beam in the direction in which the force acts.
{ = the moment of inertia about the axis at right angles to the
direction of the force.
The greatest safe moment of resistance as adopted in our tables
is one-third (}) of above,

42000 7 84000 1

o s A
—'———J'—" or 2Sum]--‘?

The co-efficient to be changed according to the factor of safety

. Moment _ I
desired. The rule would thus be Goetioient = 3

RULE FOR BEAMS BEARING IRREGULAR LOADS.

Find by the methods described in preceding article the maxi-
mum bending moment in inch-Ibs, for the loads. Divide the
moment by the proper eo-efficient as described above. Find in
the tables, pages 92-96, a beam whose inertia divided by its
depth is not less than this quotient; which will be the beam re-
quired.

In some instances the maximum bending moment can be most
readily found by the use of diagrams, as deseribed in the succeed-
ing article.

When this is done use any convenient scale, making all loads
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and all distances respectively of the same denominations, The
maximum bending moment can then be measured to scale,
Ezxample.—An I beam 8 feet long is to be fixed at one end and
loaded at the other with 5,000 Ibs. and carrying also an evenly
distributed load of 8,000 Ibs. What size of beam should be used
80 s not o ba strained over one-third of its ultimate capacity ?

. Moment for end load = 5,000 = 96 = 480,000 inch-Ibs,
“ ow diﬁn‘butedlwd:m__?’iﬁ:mom “
Total = 864,000

For one-third (}) of ultimate the co-efficient will be

SO0 _ oo g

864,000 . o T
w00 = 0-4=3

By Column VIL, page 92, for a 12" 168 b, I beam, T=
871.98, which divided by 12 = 80.99; or a 15" 145 Ib. I beam,

g- =234.7. The latter beam would be stronger and lighter.

In the following example the maximum bending moment can
be very readily obtained by a diagram as deseribed in Fig. 6 of
the preceding article.

Ezample.—A beam 20 feet long between supports, will carry
three loads, which we will eall A, B, and (.

A = 4,000 1bs. and is 4 feet from one end of the beam.
(7 = 6,000 1bs. and is 3 feet from the other end of the beam.
B = 5,000 1bs, and is 5 feet from (' and 8 feet from A.

What beam is best to use for above, not strained over one-
fourth of the ultimate ? Describe the diagram as per Fig. 6,
when the following bending moments in ft.-lbs, will be ob-
tained.
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At point 4 At point B At point €

Forload A.. 12,800 |For load B.. 24,000 | For load C, . 15,300
“ 8000 ¢ 40100800 < B.. 8900
e TG s,auo‘ « 0l 64000 ¢ AL 2400

Total.. . . .24,400 ‘ Total. ... 41,200 |  Total. ... 26,600

The maximum moment at B = 41,200 {t.-1bs, or 494,400 inch-
lbs. For one-fourth of ultimate strength co-efficient = 21,000.

494400 . I
000 ~ D=7
By table on page 92, for a 12" 120 Ib, T beam RI‘ = 22.74, be-

ing slightly deficient. A 12" 125 lb. I beam will be ample.
If more lateral stiffness is required than a single beam affords,
use a pair of channels separated and braced horizontally. Two

12" 75 Ib. channels §= 23.6, would suit above purposes.

Note.—The tables of elements, except where otherwise speci-
fied, are ealeulated for dimensions in inches and weights in lbs.,
consequently in examples of above character it is necessary to
obtain bending moments in inch-lbs,

BEAMS SUBJECT TO BOTH BENDING AND COM-
PRESSION.

When a beam is subjected to bending action and simulta-
neously has to act as a strut by resisting compression, the stress
of the fibres of the beam in tension will be relicved and those in
compression correspondingly augmented.

No general rules can be given for such conditions, as every
particular case requires its own proper determination. The fol-
lowing methods, though not strictly eorrect, will give safe re.
sults for some simple forms of trussed girders, ete.

(1.) When the beam is subject to compression but is so con.
fined laterally that it eannot fail by bending like a strut.
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Rule.—Find the section of beam required to resist bending,
then allowing from 10,000 to 15,000 Ibs. per square inch of sec-
tion for the compression, according to the factor of safety used,
add the area so found to the first area, which will give the see-
tion of required beam.

Jrample.—What I beam is required to span an opening of 30
feet, to be trussed 8 feet deep between centres in the manner
illustrated in Fig. 6, page 1657 (this trussed beam earries a brick
wall which weighs 500 Ibs. per lineal foot, but which braces the
beam from yielding sideways), the beam to be proportioned for
a safety factor of four ?

Here the beam can be considered as composed of two separate
beams, reaching from the centre to cach end, each being 15 feet
long, carrying a distributed load of 15 x 500 = 7,500 lbs., and

subject to a compression resulting from the trussing of 18,750 -

Ibs. Our approximate tables for beams, on page 69, will be
found most convenient for such ealculations as the above, and
are sufficiently accurate for practical purposes. For I beam,

div Ving co-efficient by 4 we have Lﬂg‘ﬁ: safe distributed

loac =3.75 tons,

By trial we find for an8" 65 Ib, T beam ‘—'i'?-_"l__g'“"s= 364,
or nearly correct.

For the compression, allowing 12,500 1bs, per square inch, we
require 1} square inches. Therefore an 8" I beam, 8 square
inches section, will be safe.

If desirable to use a deeper, lighter beam, try a 9-inch beam 75
1bs. per yard ; allowing 14 square inches for the compression, we
have a section of 6 square inches remaining ; 19050 %9 Klﬁﬁ AN 3.78.
Tie latter beam being both stronger and lighter than the 8-
inch.

(2.) When the beam is subject to compression and is liable to
fail like a horizontal strut by Iateral flexure.

Rule.—Consider first the resistance as a strut and then make
the necessary increment of section to resist the bending stress,
remembering that if the addition is made to the flanges then
only flange stresses have to be considered, but if the increased
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area is obtained by thickening the web of I beam or channel sec.
tions, then the additional area so obtained should be treated as a
rectangular section whose thickness is the amount added to the
web, and whose depth is the depth of the beam.

Example.—A trussed girder of the form exhibited in Fig. 8,
page 163, is a box section made up of two channels separated with
flanges outward, and plated top and bottem. The whole girder
is 80 feet long and is loaded 1,000 Ibs. per lineal foot. The com-
pression resulting from the trussing is 25,000 1bs. The structure
has no lateral bracing, What will be safe proportions for it, the
stresses not to exceed 4 of the ultimate ?

It is evident that we have to consider it as a flat-ended strut
80 feet long liable to fail horizontally, and also as a series of 3
beams each 10 feet long and loaded with 10,000 Ibs, evenly dis-
tributed. Trying 2 lightest 5" channels, each 2.27 square inches
section, separated 53" so as to be covered by 9 plates, we have
(omitting the plates in this calculation,) the radius of gyration

around vertical axis (see page 110) = 8.25 inch-
(e

.

1
es, o =110, one-fif th of ultimate (by Table T,

52 page 118) = 5,600 Ibs. per square inch, or 5,600
x 44 = 25,200 lbs. safe resistance, which is
ample. Now proportioning the plates to resist

77— the bending strain we have maximum bend-
ing moments (sce page 78), 20X 810&10 = 150,000 inch-lbs.

The plates act with a leverage equal to the depth of the chan-
150,000
)
sion on bottom plate, which, allowing for 10,000 Ibs. per square
inch, and allowing for loss by rivets, will require a plate "

thick.

(3.) Taking the last example, if it was desired fo form the sec-
tion out of a pair of channels latticed top and bottom with no
cover plates, we would have to consider the section added to the
channels (being on the web alone), as a simple rectangular sec-
tion. By the formula on page 69, approximate rules, we find
that such a seetion only 5" deep would require a thickness of
8.8 inches, which isimpracticable; we have therefore to use deep:

nel, viz., 53 = 80,000 Ibs. tension on top or compres-
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or and heavier channels, Trying 8" channels separated as be-
fore 54 inches, with flanges outward, and having radius of gyra-

tion for the pair around vertical axis = 3.4, _z.r = 106. Safe load

2&‘c:_°°= 5,800 Ibs, per square inch.  As the compression is 25,000
1bs., there is required 4.3 square inches for this purpose. By
formula 9, page 68,2 X M2 X8 _ 5 tong, from which is
found the area required to resist bending =12 square inches.
12 + 4.3 = 16,8 square inches for 2 channels, or the heaviest 8"
channels 80 lbs. per yard would be required.

By the same method we find 10" channels 68 lIbs. per yard,
will answer the purpose, or our lightest 12" channels 60 lbs.
per yard, will exactly meet the requirements and be the lightest
channel that ean be used in the manner proposed for the pur-
pose.

In cases where the load is concentrated at the truss points,
there being no bending stress, the resistance as a strut has only
to be considered, and when braced laterally the strut length is
reduced to the distances between bracing.

ELEMENTS OF PENCOYD STRUCTURAL SHAPES.

In the following tables, pages 88, 91, various properties of
rolled structural iron are given, whereby the strength or stiff-
ness of any shape can be readily determined.

SYMBOLS.

I = Moment of inertia.
F = Modulus of elasticity.
W = Load on beam in net tons. .
w = Load on beam in pounds.
R = Radius of gyration,
A = Total area of cross section.
L — Length between supports in feet.
I = Length between supports in inches.
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Column [.—Chart number.

Columns 11I. to VI.—Details of the sectional areas in square
inches, The flanges being taken the entire width
of section, and the web considered between the
flanges.

Columns VII. and VIII.—The moments of inertia, respectively,
at right angles to and parallel with web of beam.
In all cases the axes referred to pass through the
centre of gravity of the cross.section, as illustra-
ted at the head of each table,

Columns IX. and X.—The radii of gyration in inches = { |
When R* is required, simply divide the moment
of inertia by the area of the section. The values
of 1 and R have all been carefully calculated by
the formul given on pages102-111, The tables
give the value of 7 for the minimum section

A of each particular shape, but the section can
be increased in area up to the maximum limit
given in the descriptive tables, pages 2-12,
and the walue of 7 can be readily obtained
for any enlarged section as described on pages
106-108.

Column XI.—Co-efficient for the greatest safe load evenly dis-
tributed over the beam. This is the caleulated
load in net tons for a beam of the given size and
section, one foot long, and is derived from the

wi T
il S s
sults averaging one-third of the ultimate strength
of the beam. The safe distributed load for any
beam of the size and section given in Columns 11,
to VI. can be found by dividing the correspond-
- ing co-efficient in column XI. by the length of
the beam between supports, in feet.
Example.—The greatest safe load that can be evenly distrb-
uted on a beam 10 inches deep having a sectional area of 9.04

square inches and spanning 12 feet is 1—??: 11.5 tons,

, which gives re-
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If the lond is concentrated in the middle of the beam, one-
half this result, or 5.75 tons, is the greatest safe load.
If the sectional area of the beam is increased, find the moment
of inertin for the inereased section as deseribed on page 106, and
0 r
depth of beam®
Framplo.—The 10" beam taken in last example, 9.04 square
inches area, is increased to 10.6 square inches section. The in-
ertis of enlarged section is found as per formulio ca page 106,
1.56 = (increase of a@tg 100 = (square of depth) _ 13.+148.8

(inertia, col. vii., page 92,) = 161.8 or moment of inertia desired.
Co-efficient for safe load = 1813 X 9% _ 1505 Dividing this

10

co-efficient by the span in fc?t (12), gives 1-1’02—5 = 12,54 tons as
the maximum safe load distributed, or 6.27 tons in the middle of
the beam.

~ Lateral Flexure.—It will be noted that when subjected to such
loads as above obtained, the beams are presumed to be secured
from bending sideways, and it will be sufest to limit the applica-
tion to bemms sccured laterally at intervals, in length not ex-
ceeding twenty times the width of flange. See preface to tables
of safe loads for beams, page 36.

Columns XTI and XI1I,—Deflections.

T*> figures in the tables are the calculated deflections for
beaias of the sizes and sections given, one foot long between
bearings and supporting a Ioad of one ton. They are derived by
means of the formule 4;;;,[ = deflection for load in middle of
beam, fﬁ_%%?z deflection for load evenly distributed.

The modulus of transverse elasticity is assumed as 26,000,000
Ibs. The elasticity of rolled iron is somewhat uncertain, it is
frequently quoted as high as 29,000,000 Ibs, and experiments
on bars of exceptionally stiff iron will often give results much in
excess of this. But recent experiments on rolled beams show
that 26,000,000 Ibs. is a fair average for this form of wrought
iron. See page 19,

the co-efficient for a distributed safe load =

.
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The deflection of any beam of the sectional area given in cols
IV. to VL, and loaded within the elastic limit, is found by mul
tiplying the corresponding co-efficient in ecols. XII., XIIL, by
the weight in tons and the cube of the length in feet,

Lirample.— A 12" I beam, 11.95 square inches section, 13 feet
between supports, carries an evenly distributed load of 15 tons.
Deflection = ,0000083 x 15 % 18* = .207 inches,

If the sectional avea of this shape is increased, the value of 1
for the enlarged section must be found as described in previous
example. By reducing the formulse for deflection to their sim-
plest forms we obtain :

;;g:; = deflection in inches for load in middle.
WLi® N T ; AP
80T = deflection in inches for distributed load.

Lizample.~The 12" beam in previous example 11.95 square
inches area, is increased to 18.8 square inches The inertia of
enlarged soction is found as per formula, page 106.

1.83 (increase of area) x 144 (square of depth) _ . |
el — g =0.2+212.8
inertia, col. vii., page 92, = 205.06, or moment of inertia desired.
15 x 13* :
L - = — =
Deflection 550 % 205,06 19 inches,

For beams of the same depth, but of any sectional area, the
deflection remains uniform so long as the loads bear a uniform
ratio to the strength of the beam. For this reason, the single
column of deflections applies to any section of the same size of
beam, in the tables of safe loads.

Column X1V, —Maximum load in tons,

There is o limit in the length of beams at which the rule for
safe loading ceases to apply. This point is reached when the
load attains the safe limit of resistance offered by the web of the
beam against crippling.

The maximum load can be placed on any beam shorter than
the length indicated, but must not be exceeded. It is obtained
by Gordon’s formula, taking 6 tons per square inch as the safe
resistance of wrought iron to crushing,
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w—_ 6t d = depth of beam.
“_T__ t = thickness of web,
30002 I = d x secant 45° (* = 247).

Lzample.~—An 8" 65 Ib. beam has a maximum load of 10.48
tons, which corresponds to the greatest safe load on a beam of
this section, 7.7 feet between supports, if the load is distributed,
or 3.85 feet if the load is at middle of beam, If this shape is in-
creased to 7} square inches area, having a web ;" thick, then
maximum safe load becomes

W= 0" x8 x&"

1 = 17.2 tons,

* @000 x 79
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l
) ELEMENTS OF PENCOYD BEAMS.
:
I

A I ‘ 1L VII. lan

Angas ©v SQuARe Ins, | MOMENT OF INERTIA,

Cuanr || Suzw ||Weia'r|

% PER ||
lm:lms.l Yanp, |
| i?Flmqes Web. | Total, ||Axis A. B,

Axis C, D.

|
1 || 15 |[ 200 || 11.86/ 8.04) 19.00] 682.08 28.50
2 || 15 || 145 || s.99 5.8 14.55| 521.19| 16.91
3 12 || 168 | 10.06] 6.28 16.89 B871.98] 28.19
- 4 12 ‘ 120 7.42| 4.53) 11,95/ 272.86  12.22
4 5 || 100! 184 || 9.57 8.87 13 M4 2«11.68i 19.00
| 5, || 104 | 108 || 7.88 8.50| 10.88| 195.42] 12.45
6 || 104 so || 5.91 8.08 8.94 162.260 8.34
7 || 10 || 112 || 7.28] 8.04 11.17]| 178.58 10.64
8 | 10 | 00 [ 6.200 275 9.04] 14831 8.09
| 9 I ol o0 || 615 292 9.07 18.81, 8.4
| 10 | 9 || 70 || 47| 2.21) 6.98| 9444 5.59
11 8 || 81 | 5.58 s.mi 8.14| 83.98 7.28 ,
12 | 8 || 65 | 450 2.03 6.5 60.17 5.0
1B 7|6 | 417 2.41 6.58| 49.78 4.15 \
| B 62 || 8.84] 1.80| 5.14] 48.08 3.43
15 || 6 || 55.50) 4.19) 1.28) 547 83.26 4.32
15 6 i 83.62|| 4.81| 8.42| 8.24| 41.74 6.48
16 6 | 40.00 2.90 1.06| 5.96] 24.50 2.42
16 6 || 56.57| 8.22| 2.48| 5.5 2068 5.15
23 6 |l115.50] 9.21] 2.84] 11.55 3. 19.14
23 6 |[123.00| 9.49/ 2.81) 12 30 65.51 14.70
24 6 || 90.00| 6.8 2.06] 9.00] 51.43 11.72
24 6 || 98.00| 7.19( 2.57 9.76|| 51 11.79
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ELEMENTS OF PENCOYD BEAMS.
i‘ I
|
P -
1
is
1X. X. XL |r XIL I XL X1V, : 1L L
Rapi or GYRATION. E gg Co';:::g;’::;““ gg E EE
' FE Load in | Lond Dis- i || i &2
Axis A, B.IA:EIC.I.I. 5:&5 ” (:emm‘.l lrnmm;. E I g '| “
5.80, 1.20}424.41!'.0000041:.00000&3 43.20 15 | 1
5.08 1.mi;324.30i-|.0m:0053[|.0000033'| 22.10/ 15 | 3
4.60  1.17 25032 0000074 0000046/ 38.63| 12 | 3 {
478 1.01212.22] 0000101 0000063 2.9 12 4
4.24  1.19214.78.0000115 .0000072 22.18 10} 5 !
425 1071731 .00001421.003(’(139‘ 17.71)| 104| 5%
426 .07 144.281.0000171 0090107 13.95| 104 6 |
8.94  .98]162.02 .0000150/.0000099| 23.68 10 | 7
4.05|  .95/138.43 .ooomsa!.umoue‘ 18.18| 10| 8
8.2,  .96/123.21.0000232|.0000145 16.55| 9| 9
3. 89| 97.94 .oooom‘.ooomssi 0.94 9 10
"™e.01) 04| 95.92 .00c0s20 0000205 15.40| S| 11
8.25 .88 80.70 .cooo;soi.uomqol: 1046 8 Il 1%
2.7 .79 66.38).0000540 000841 15.00) 7 13
a.00| .89 57,44l 0000640000400 6.17 7[ u M
2.80) .82/ 57.44|.0000010.0000400 6.17 714
2.46 .88/ 51.74 .ooonaso.ououm‘ 7.8 6 [[15
2.95 .88 64.94].0000661 .oomla[| %% 615
2.47) 77| 83.25.0001121 .0000701) 5.5 6 (16 |
2.08 .74 46.09].0000082 0000581l 16.62 o | 16
2.34  1.28 98.37.0000482 .0000272 £8.08 6 | 23
2.80|  1.09 101.91].0000421 .0000263 2582 6 |23
2.88  1.40 80.00/.0000337 .0000335 | 16.42] 6 || 24
su.ssl_.oqmmt.maas| 21.1o| 6 | o
‘ I
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ELEMENTS OF PENCOYD CHANNELS,
]

' 1L 111, ” 1V. Y. VL VIL VIIIL
UIAIKT Sz “’Ilﬂ“l' ’ Amuqurnus e -lu”mor!mu
Nus- IN PER ‘

BER ||Ixcnes, || Yano. | |

| |Flanges| Web. Total. |Axis A. B. Axis C. D,
! 1 _'l - |

0 | 15 ‘I 148 || 6.50 8.36/ 14.80 oLat 19.05

8| 12 | 88,5 4.50 4.24 &.ssi 1682.71) 743

3 || 12 | 6o, 2.87 3.07 5.04| 128.71] 3.2

8t | 10 | 60 3550 2.48 5.09 208 4.2

8 || 10 | 49 2.67 2.29 4.39; 78.01 2.3

36 9 || 54 2.97 5.40| 64.84 2.47
a2l o sy [ 1.8 g7 43.65 1m

88 (| 8 {[48 | 2.8 425 40.000 9.7
80 8 |l 30 1.34 2. 28.23  1.06
40 7 |4 2.30 a0 2.5 1.7

41 7 |2 1.38 2,64 18.46 .90
42 6 || 88 2.04 8.20| 18.837 1.40

44 6 || 23 1.09 297 11.87 .59
45 5 |27 | 1.69 2.78| 10.20 .86

16 s (10 [ .01 1.88|  6.67 .87
4 4 | 215 i 1.34 2.15| 5.16 .54
48 4105 1.02 1.5 4.14 .41
49 8 |15 | .86 1.5 2.03 .38

50 ok |l 11.8] .69 .44 1. .80 .21
51 2 | s8.m “"’I 83 .88 480 .08
53 || 15 || 106.0] 5.63 4.81] 10.44| 851. 13.08
38 | 15 m.o‘ 11.25 1&3‘ 457.:1 18.89
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ELEMENTS OF PENCOCYD CHANNELS.

X ‘ X || x XIL Xl || XV, || XV ‘ IL || T i
' 1 — L. ‘l . :_I'____,,,I__ I
| a8 | g - ]
B oo gl & R P
, 1 Egéi | gé 5‘,‘;3{ z z2
{ Axis [Axie | 22E || Losd in |Lond dis- || %2 535 = |97 ,
A.B.C. n.‘ 3*;1 centre. | tributed. || 2 S 2 &1
| ' | F o 07N 5
omnalmsa;uoooum 0000038 40,64 .95 15
4.00( .02 12.11 .0000151{,0000094)| 18.49 .n} 12
4.50) 74| 96.22 0000223000019 .14 .63} 12
8.02| .84, 85.94.0000208 0000186 9.10/ .75 10
3.80) .00/ 05.98).0000574/.0000234 7.25 o4 10|
3.45 .68 66.78 |.0000420/.0000268 | 10.87 .63 9
8.4 .00, 45.27.0000632..0000595 0.38 05| 9
.00 i 46.66|.0000600].coo0431.  8.77 .60| 8
3.09 60 82940006977 0000611 479” .50 :

2.68! eu»! an. 0000925 . 0000584 907” .65
2.61 i 61.0001495/.0000034 8.42 .48
2.36 .ﬁ7| |.0001501!.0000938  6.50{ .60

oS == @>

EuBmsthLitietiERNEERLEEE |

3.a7l 18. 10 .ooom_.ocmm: 5.24: .46

1.n.1| oY 19. 21 oooz&so.ooowm; 5.02| .6 |

1.8 45. 12, 45{ .0004186).0002585 | 4.86 .42 |

1,65 .501. 12,03 |.0005219 .0003343| 5.12| .58 -

1.54 .48 0. 65 |.0006667 .00ﬂ4167i 4.20 4
1.1!3I 46, 6.52 |.0013584,.0008490 8.40 .51}
.85 .43 8.3 . 0034350 00.14"'0 3.20

|
4 .81 2.25|.0057250 0035370, z.-m"- .87
1

5.7911.12(218 75 |.0000079|.0000040] 16.38]
5.as|1.o7 m.ar‘ ,0000061].0000038 m.su” .84

5
Eﬁmgmn.ﬁua

i e g

g
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ELEMENTS OF PENCOYD DECK BEAMS.

L.
L 1L 111 1v. V. VL ‘ VIL VI,
J AREAS IN BQuARE INs. rl MoMENTS 0F INERTIA
Cuanr || Size ||Weia'r |
Num- IN PER ||
nEn. ||Incues.|| Yanp, ||
‘IFl'gt- Bulb,|Web.| Total. ! Axis A. B.|Axis C. D.
60 12 104 !3.592.89'8.90 10.38‘ 221.98) 0.83
|
61 1 1 3,2Gi3‘5‘3 3.28 0.06 104.09 7.64
| |
62 10 80 ‘2.87|2.19 2.96 8.02,‘ 118.22) 6.13
63 9 | 72 [2.502.062.61 7.171’; 84.71 4.92
04 8 61 |2.1Tl.85§2.09 0.11[,' 57.66 8.63
o || 7| s !1.864.551.801 5'21" 84.40| 2.59
66 (] 42 !1.521.281.38: 4.18'; 21.95| 1.64
67 5 34 ‘1.221.041.11‘ 8.8‘71 12. .08
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ELEMENTS OF PENCOYD DECK BEAMS,

:
.C o __.
L_Js C

|
IZ, | X l X1 E XII. XIIT. XI1V. XV.
|

e

:'E i g || =532
aei | 238 | town s | 2% | E2E
4.62 .95I 172.8: 0000122/, 0000078 | 18,50 5.24
4.25 .92/ 139.5.0000168 .0000105 | 15.72) 4.68
3.84] .87 110.3 |.0000233.0060146 15.26/ 4.27
3.44) .83/ 87.9/.0000325(.0000203/| 14.63{ 4.00
8.07 .77|| 67.3].0000478,.0000299| 12.12 8.50
2,57 .71)| 45.8|.0000802 .0000501 | 11.80) 3.20
2.20| .63 84.2).0001257 .0000785 90.03] 2.65
1.8 .54/ 22.4].0002201.0001432/ 8.01 2.22I

B iS!n ™ Inmm.' =

—
oy

10

<t & =3 @ =
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EVEN LEGS,
A I 11 III ‘ Iv. V. VI. l viI, ‘ VIIL
- | |
- ] MoMENTS oF Rapir or éE'aﬁ
E = ISERTIA, i' Grmamion. || 52<
# ||Si1zE ¥ Inougs. 53 - 2; z
£ 7 |1 axie | Axis || Axte | Axis || EXE
a1 | & | &BCD || AB |CD ||GgER
S el e e |5 b
: ' | n -
1206 x6 x i .’:O.GI 17.68 7-“‘!| 1.87 1.19/ 1.68
6 x6 x 1| 110.0| 35.46 15.00/ 1.80 1,17 1.86
1215 x5 x| 41.8| 10.02 4.16] 1.35 1.00| 1.41
I8 x5 x 1|| 90.0/-10.6¢ slerl 1.48 e8| 1.61
1224 x4 x 28.0/ 4.8 1.86 1.24 81| 1.14
4 x4 x 544/ 7.67 3.5 110 g0 127
12884 x 8§ x 48| 287 1.200 1.03 .70/ 1.01
as x 8 x &/ 0.8/ 438l 1.85] 1i04 e 110
1248 x8 x 4.4 1.24 .51} .68 60| .84
8 x8 x 83.6/ 2.62) 1.15 .88 .50 .98
125 2] x 2} x 13.11 .05 .80l .85 .53 .78
|2t x2x || 25.0) 1.677 .72 .82 .54 .87
126194 x 24 x ¢|| 1.9 70 .29 .77 .50 .72
(23 x 2% x 9.5 188 54 .74 .49 8
1272} x 2§ x 10.6] .50 .21 .60 .45 .65
ok x 2k x il 17.81 ‘19| .84l 67| a4 9
10819 x8 x &l 71 97 1) .6 .40 .57
13, x2 x #|| 13.8] .50 .21/ .61 .39] .64
120013 x 13 x || 6.2 .18 .08 .53/, .88 .51
13 x 13 x #|l 1.7/ .81 .14 .61 .85 .67
101 x 13 x || 6.8 .11) .08 .d¢| 81) 44
18« 1f x &(| 9.8| .190 .00/ .44 .81] .51
18113 x 13 x 4|/ 8.0/ .05 .03 .41 .2 .8
1% x 1% x i 5.6/ .08 .04 .38 .26 4o
1831 x1 x +|| 2.3 .02 .01 .29 .20 .30
I «1 x| 4.4 .04 .03 .20 20 .85
| 1 ‘ '
| | ’
! , |
| | I | |
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g8 8 &

c
ELEMENTS OF H PENCOYD TEES.
EVEN LEGS.
" f [ |
3 1L | m. || v, | v || v | v || vam
7Y | =22
= # MoMENTS OF Rapi1 oF wE£%
g | g INERTIA, GYRATION. $2<
“ 15|nmincusm E% & EEE
E ([ 8% || Axts | Axis || Axis | Axis | E2E
= = A.B. | C.D. || AB | C.D. QE =
il h z
|
T (4 x4 x b 86.5 5.26 2.55!| 1.20, .84 1.14
T1 (|84 x B4 x 14| 81, 8.47 1.70)|" 1.006 .74 1.00
i3 «x8 %43l 2. | 2.0 101 .90 .e2f .00
78 llop x 24 x % 19.5 | 1.12 .ssi L I -
7 19} % 9} x 3 17.52|i 07 .49| < I
Vil i2'.- x 2} x | ll.?-’ii. .02 .Bﬂ‘ 85 .50 .61
6 |2 x 2 x &) 12, .54! 2o A7
| [ . . |
T2 x2 x4 105 .88 .m-I .soi 43
78 (113 x 13 x & 71 .sni 10 .54'I .s*:ii
™ (113 x 13 x §| 6. 13 .oe'} .40" 82l 45
s I - |
80 |[1} x 1} x 4| 4.5 .07{ off .57 .ol 8w
| |
8l (1 x1 x| 8.0 08 .02’i .80 .261‘ 80
|
82 (8 x8 x4 19.8 || 1.59 .75' 91 .62| .84
88 |8 x8 x 43 22.6 1.83 .ﬁﬂl 90 .63 .86
T |
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} II. i['| 111, IV. Y. YI. VIIL VIIL
oLl | |
e | o
] I | 8 MoxENTS OF Rapit or "‘ﬁ-'i
g B INERTIA. GYRATION, -
E |S1zE 1N INCHES, glﬁ 23 é ‘
‘ F || | b |an 528 O
8 "B.| ¢.p. || AB. | C.D. 2 |

|
90/ 4% x 8% 44.5 | b5.21] s.e6| 1.09 .91) 1.16
ot 4 x8 | 41.8] 4.65 .28 1.05 .ssf| 1.00
92 5 x2 | sor| 1.61] 4.0 .72 1.14) .67
93% 5 x2 || 83.0f 108 458 .70 1.17|| .64
94| 4 x8 95.9 || 1.04] 2.18| .s6] .02 .7
95} 4 x8 95.25/| 2.00| 1.60]| .01 .s2|| .84
9 4 x2 20.4 || .es| 18| .58 .01] .54
9:! 8 x 8 | 2825 8.12| 1.08] 1.05| .61) 1.10
98| 8 x2p | 288 1.8 .94 .76 .63 .82
99| 8 x13 | 112 .10 s8] .41 .mf .87
100 2} x 1} 9.1 10{ .88 .88 .e0)| .83
101 2 x 1) gl .16 .18|| 48] .45 48
102 8 x1 7. 050 .am|l .26 49| .27
103 2 x4 s.e8ll .04 .17l 18] B4 .27
104 28 x 13 | 18.75] .56 .62 .55 .58 .68
105 xs |21 || .8 .08 .63 .| .1
208 5 x 8% | 48.44) 5.37 5.81| 1.05 1.04| 1.05
107 5 x4 44.1 | 6.24 5.25 1.19 1.00 1.08
108 24 x & 6.5 .01 .24 .12 .e1) .18
100 4 x4} | 88.5| 7.26) 2.70| 1.87 .84/ 1.8
110] 8 x28 | 17.6] . w4l w8l el 68
11| 8 x2p |/ 20.6| 1.08 .89 .72 .66| .70
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MOMENTS OF INERTIA.

The following formule were used in caleulating the moments
of inertin and radii of gyration of the various sections given in
the tables, pages 92-101.

When not otherwise specified the axis referred to passes
through the cenire of gravity of the section, in a horizontal
position to the figure as shown,

1 signifies moment of inertia,
A % total area of section.
R radius of gyration.
d  “  distance from base to eentre of gravity.
In all cases the radius of gyration = V"_;‘i’ ,and the moment of

Roeiat __ I co-efficient for strength of material
" distance from neutral axis to farthest edge of seetion

SOLID RECTANGLE.

b AL?

2 +E IR = m
x ) 3 _bﬁn
et Y I axis ey ="~

HOLLOW RECTANGLE OR I DEAM WITH PARALLEL FLANGES

b
£

=1 3 E W — e
< P _1-5 iﬁ_f I= o

LD
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SOLID TRIANGLE.

bi?

ik

bi*

{ TR —" | ] 5 el
J“ I axisay = 12

HOLLOW CIRCLE,

I = (outer radius * — inner radius ') 7854
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t TEE SECTION,
S (b — 3
| S 2 = T
r ? J f 1, uxis axy = L U‘:{”_’.
| 3 ;,...-
‘---—---)-—-_I !f + k z + -
ol t—1) (f 2 bfu+,(h._f,,
ANGLE SECTION.
® =% +W-(g-ﬂ{tf—l), For even or
& uneven angles.
i NN I axisuy= t(h—di d)a""”f' - (e — (@, — O)* f)’

TN © For uneven angles,
2y passes through centre of gravity parallel to ee.

3) ] e

{
—d—1 b— (2d—
_ 24" —2(d o+f| (

angles,

A close approximation for the latter is the following :

u 1, axis ay = A% For even angles.
% ' %

L\ I, axis 2y = AN For uneven angles.
k ’ 1B+

¢ 'i\l\ d=w:ﬂ. For even and uneven an.
{' 24

v

gles,

e e
24

13

d'= For uneven angles.
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In even angles radius of gyration around zy = two-thirds (3)
of the radius of gyration around horizontal axis,

In uneven angles the distance from centre of gravity in direc-
tion of the long leg exceeds that in the direction of the short leg
by half the difference in the length of the two legs.

I BEAM SECTION.
& = taper of flange,

2z
=k -

W —ck* | of
S s AT 4‘
b —1\*
mb* kt’ BAoas
1 axmwy——&— LTy i,

(7 (1)

CHANNEL SECTION,

———m——

s = taper of flange.

Wy
b—t i

; ,
: w—gi(v-r) |
I= 2

Smb®+ U + L ( ‘—-t‘)
s = I‘gﬁa:’—- — Ad’.

mb=+£:+ (5-) (b+"¢) 1

A

r=
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DECK BEAM SECTION,

8 = taper of flange, @ = area of bulb,
o=m—f.
8
w! ‘! L]
I:%s— + al + g—+b—§—m (53—0

-

OG-0 s(b—1)o
\}is_.i.__—a .

]
mh
ak* . nt? (P 5 4)

TV i L e |

oY e
[

]
R
!

1, axis ay =

a@h—k) +t(h=kP+ @—0)p*+a—1) (p + ;)
34 '

8
]

In the table of elements, pages 92-101, the moments of inertia
and radii of gyration are given for the minimum section of each
shape but the moment of inertia for any increased section can
readily be ascertained as follows, without recalenlating the
whole,

FOR ANY I BEAM, CHANNEL BAR OR DECK BEAM.

»
AXIS PERPENDICULAR TO WEB,

Let @ = increase of area in square inches over minimum sec-
tion given in the table. Let d =depth (size) of beam, then
‘;';' is the moment of inertin for increase of area, which added to
wabular figures gives the correct result for the enlarged section.

FErample—A 13" I Beam, No. 4, area 12 square inches, is in-
creased to 14 square inches. ‘E_’; 21_‘)’: = 24, which added to the
moment given in col. 7—272.86 + 24 — 206.86, the moment of
inertia desired.




MOMENTS OF INERTIA. 107

Radius of gyration of the former 21’;12_89 = 4.78 inches.

”‘:f’ = 4.60 inches.

The radius of gyration will be found to alter very little, and
for all practical purposes, the tabular figures may be accepted
within the range of section possible for each shape.

The above is only a elose approximation for deck beams.

Radius of gyration of the latter

3 FOR ANY I BEAM OR DECK BEAM.
AXIS PARALLEL WITH WEB,

The following rule gives a close approximation for the mo.
ment of inertia,

Multiply the inerease of area in square inches by the total
thickness of web in the enlarged section. This product added
to the tabular number in col, 8, will give the moment of inertia
for the enlarged section.

Erample.—A 10" I Beam, No. 8, area § square inches is in-
creased to 10} square inches, having a web thickness of .525

VIIL., 8.09 + .78 =8.87, the moment of inertia required.

Radius of gyration of least section = BT,PB =.95 inches.

Radius of gyration of enlarged secijon = ‘/ ?0_8; =.92 inches

The radius of gyration alters but very little, and may be ac-
cepted ns practically unchanged within the limits that any shape
ean be increased.

CHANNELS,

For channels, in relation to axis parallel to web the moment
of inertin increases nearly in a direct ratio to the inerease of
sectional area, but not precisely so, this ratio being too great for
the larger sections and too little for the smaller sizes of channel
bars. :

The radius of gyration alters but little as the sectional area is

inches, .525 x 1} = .78705, which added to the amount in col, .
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changed, and practically may be accepted as unchanged within
the range of variation possible for any particular size.

The distance d will not vary sufficiently in any section be-
tween the limits of minimum and maximum to make any prac-
tical difference in ordinary calculations where it may be used,

ANGLES,

For angles referring to any axis passing through the centre of
gravity, the inertia increases nearly in the same ratio as the area
increases, Our table gives values of J for the minimum and
maximum sections ; any intermediate section can be obtained by
proportion unless great aceuracy is required, Our tables ex-
hibit the change in values of # between the least and greatest
sections, which in the case of small angles remain practically
unaltered within the range of possible variation of areu.

INERTIA OF COMPOUND BHAPES,

“The moment of inertia of any scetion about any axis is equal
to the I about a parallel axis passing through its centre of grav-
ity + the area of the section multiplied by the square of the
distanee between the axes,”

By use of this rule the moments of inertia or radii of gyration
of any single sections being known, corresponding values can
readily be obtained for any combination of these scetions.

T
oe— ™ Ezample No. 1.—A combination of two 9"
L_?_._hi,__ 54 1b. Ghannels, and two 12 x | plates as
shown.
= HF—
L, \ AXIS A B OF SECTION.
el y
1 for 2 channels, col. VII, page 94, = 128.0680
12 x ,25° £
1 for 2 plates = T = .1‘.)‘31&:‘>
6 (area of plates) x 45* = 128. 34375 =128.3%75
I for combined section = 257.053

which divided by area (14) gives 18.8611 = I or 4.285 radius of
combined section.
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AXIS C D.

Find distance d = (.67) from col. XV., page 95, then obtaining
the distance (4.2825) between axes ') and E'F.

1 for 2 channels around axis HF from col, VIIL,, = 4.94
Area of channels » square of distance = 10.8 x 4.2825° = 193.471
H)
I torf plah s 258 = 7.
12
I for eombined section = 270.411
Radius of gyration = 9_“1;2 = 4.895.

By similar methods, inertia or radius of gyration for any com«
bination of shapes can readily be obtained.

Example No. 2.—A * built-up beam ” composed of :

4 C "
4 angles 8" x 8" x {".
% 2 plates 8" x 4",
T ';1: 1 plate 15" % ",
i 1" ‘_:b AXIS A B,
L2 JoftwoS' x i plates = E.’l‘;i x9= .167

+ 8 (area) x T3° (sq. of distance d) =480.5
— 480.667

3
Fofane15” x 3" plate = - * = 105.469

Lof four 3 x 8 x | angles =4 x 1,24 (sce col. l
1V, page 08), = 44b
4+ 8.7 (area) x 6.66% (5q. of distanco d’)  =255.045)

Inertia of combined section around A B = 846.141
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AXIS €, D,
Jof two 8 x ‘}pia.tus=8’—1;-* e 42.667
~ a

Jof one 15 x } plate = s 1’;3— = .06a

Yof four 3 x 3 x | angles =4 x 1.24 (see
col. IV, page 08) = 4.96 }
+ 5.75 (areu) x 1.0275° (sq. of distance d”) = 6.071
— 11.031

Inertia of combined section around € D = 53.764

Radius of gyration = ‘/ :‘;_;_g; = 1.66.

RADIUS OF GYRATION OF COMPOUND SHAPES.

In the case of a pair of any shape without a web the value of
R can always be readily found without conside.ng the moment
of inertin.

The radius of gyration for any section around an axis parallel
to another axis passing through its centre of gravity, is found
as follows :

Let #= radiusof gyration around axis through centreof grav-
ity. 'R = radius of gyration around another axis parallel to
above. d = distance befween axes,

I = V’El’:i—-_ e,

When r is small, # may be taken as equal to d without mate-
rial error. Thus in the ease of a pair of channels latticed to-
gether, or a similar construction.

Ezample No. 1.—Two 9" 54 1b. channels placed 4.66" apart,

g g required the radius of gyration around axis ¢ D
&c for combined section.

Find r on col. X., page 95, = .08and r* = .4024.

Find distanee from base of channel to neutral axis
eol. XV., same page, = .07, thisadded to § distance
between the two bars, 2.88"= 38" = d, and d* = 9.

Radius of gyration of the pair as placed equals,

1
i
to
l
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A/9+ 4621 = 3.076.

The value of R for the whole section in relation to the axis 4
B is the same as for the single channel, o be found in the
tables,

Ezamp!a No 2. —Four 3" x 8" »x {" angles placed as shown;

form a eolumn 10 inches square; required the

r” . »radius of gyration.
si l ”"TJ'IE * Find r on col. VI, page 98, = .91, and r* =
Lo .8281.
! 'i’ ~"%  Pind distance from side of angle to neutral
i i axis, col. VIL, same page, = .88. Subtract this
! i JI from § the width of column =5. — .80 =
0 4.11 = d or distance between two axes. &=
16.8921.
Radius of gyration of 4 angles as placed =

4/16.8921 + 8381 = 4.21.
When the angles are large as compared with the outer dimen
sions of the combined section, the radius of gyration can be

taken witlout serious error from the table of radii of gyration
for square columns, on page 155.
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RADIUS OF GYRATION.
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ROLLED IRON STRUTS.

In the following consideration of rolled struts of various
shapes, the least radius of gyration of the cross section taken
around an axis through the centre of gravity is assumed as the
effective radius of the strut. The resistance of any section per,
unit of area will in general terms vary directly as the square of
the least radius of gyration, and inversely as the square of the
length of the strut,* The shape of the section and the distribu-
tion of the metal to 1esist local erippling strains must also be
considered., As a rule, that shape will be strongest which pre-
sents the least extent of flat unbraced surface. For instance,
two = seetions of unequal web widths may have the same web
thickness, the same flange area, and the same least radius of gy- -
ration, but the wider webbed section will be the weaker per unit
of aren, on account of the greater extent of unbraced web sur-
face it contains.  For the same reason a hollow rectangular sec-
tion, composed of thin plates will be to some extent weaker than
a vircular section of the same length having the same area and
radius of gyration.

END CONNECTIONS.

As is well known, the method of securing the ends of the struts
exercises an important influence on their resistance to bending,
as the member is held more or less rigidly in the direct line of
thrust,

In the tables, struts are classified in four divisions, viz
“Tixed Ended,” * Flat Ended,” ** Hinged Ended,” and ** Round
Ended.”

In the class of * fixed ends™ the struts are supposed to be so
rigidly attached at both ends to the contiguous parts of the
| structure that the attachment wenld not be severed if the mem-
| bar wus subjected tc the unltimate load, *‘ Flat ended ™ struts
| are supposed to have their ends flat and square with the axis of
! bngthbusmtnsidlymchedmmmhommgm “ Hinged

"l‘hh applies ouly to long struts with free eids,
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ends” embrace the class which have both ends properly fitted
with pins, or ball and socket joints, of substantial dimensions as
compared with the section of the strut; the centres of these end
joints being practically coincident with an axis passing through
the centre of gravity of the section of the strut. ‘“Round
ended " struts are those which have only central points of con-
tact, such as balls or pins resting on flat plates, but still the cen-
tres of the balls or pins coincident with the proper axis of the
strut.

If in hinged-ended struts the balls or pins are of comparatively
insignificant dinmeter, it will be safest in such cases to consider
the struts as round ended.

If there should be any serious deviation of the centres of round
or hinged ends from the proper axis of the strat, there will be a
reduction of resistance that cannot be estimated without know-
ing the exact conditions. No formula has been written which
expresses with accuracy the resistance to compression for various
sections and for an extended range of lengths, It is doubtful if
any simple formuln admitting of ready practical application can
be devised; in fact none is required, as the results of experiments
ean be embodied in tables and disgrams in such a compact form
that their application to any length or section can be readily
made.

When the pins of hinged-end struts are of substantial diam-
eter, well fitted, and exactly centred, experiment shows that the
hinged ended will be equally as strong as flat ended struts,

But a very slight inaceuracy of the centring rapidly reduces
the resistance to lateral bending, and as it is almost impossible
in practice to uniformly maintain the rigid accuracy required,
it is considered best to allow for such inaccuracies to the extent
given in the tables, which are the average of many experi-
ments, :

TABLES OF STRUTS.

In table No, 1, the first column gives the effective length of
che strut divided by the least radius of gyration of its cross see-
tion, and the successive columns give the ultimate load per
square inch of sectional area for cach of the four classes afore

"
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said. We mean by “ ultimate load * that pressure under which
the strut fails,

These ultimate loads are the averages of a number of experi-
ments which we have recently made on carefully prepared spec-
imens, and are believed to be trustworthy.

For hinged-ended struts the figures apply to those cases in
which the axis of the pin is at right angles to the least radius of
gyration, or in which the strut is free to rotate on the pin in its
weakest direction. 1f the pin should be placed in another direc-
tion, or if the strut should be secured from failure in its weakest
direction, there will be a correction for determining the resist-
ance as hereafter described. 3

FACTORS OF SAFETY.

1t is considered good praetice to increase the factors of safety
as the length of the strut is increased, owing to the greater in-
ability of the long struts to resist crossstrains, ete, For similar
reasons wo consider it advisable to increase the factor of safety
for hinged and round ends in a greater ratio than for fixed or
flat ends,

Presuming that one-third of the ultimate load would consti-
tute the greatest safe load for the shortest struts, the following
progressive factors of safety aré adopted for the increasing
lengths,

8. + .00 for fiat and fixed ends.
r

3+ .015-; for hinged and round ends.

{ = length of strut.
r == least radius of gyration,

From the above we derive the following table :
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FACTORS OF SAFETY.

ad | af gg | a8 g< | g
E 1% 0 | % | e | 3G et
— g & e == P — :.é P
TTRY | Bk AR §§ LA (%5 58
2 | 22 ae | 28 cs | E
= | 22 ol - e :E
2| 32| 88| 150| 4.5| 5.25/ 280 | 5.8 ( 7.2
30 | 8.3 | 345( 160 | 4.6 | 5.4 200 | 5.9 | 7.85
40| 84| 86| 170] 4.7 | 5.5 80| 6.0| 7.5
5 | 35 8.35 180 | 48| 57/ 810 | 6.1 7.65
60| 36| 39| 190, 49| 5.85 820 63| 7.8
70| 8.7 4.05) 20| 50| 6.0/ 380 | 6.3 7.95
80| 38| 4.2 | 210| 5.1 | 6,151 340 | 6.4 | 8.1
90 | 3.0 4.85 20| 5.2| 6.37| 850 | 65| 8.25
100 | 4.0 4.5 || 230 | 5.8 6.45| 860 | 6.6 | 8.4
10 | 4.1 | 4.65| 240 | 5.4 | 6.6 870 | 6.7 | 8.55
120 4.2 | 48| 250 | 5.5| 6.75| 880 | 6.8 | 8.7
180 | 4.3 | 4.05( 260 | 5.6 6.9 | 800| 6.9 | 8.85
140 | 4.4 | 5.1 h 270 [ 5.7 7.051- 400 | 7.0 9.0

Table No. 2 represents the greatest safe load per square inch
of seetion for each of the four classes of struts and is derived
from the results in Table No. 1 by means of the foregoing fac-
tors of safety.

The remarks on page 33 for safe loads on beams, apply also to
struts. The loads in Table No. 2 ought to be applied only
under the most favorable circumstances, such as an invariable
condition of the load, little or no vibration, ete. Under cer-
tain conditions, such as for buildings, bridges, ete., the least
factor of safety ought to be four (4), which wonld increase each
factor in the above table by unity. The safe load will then be
found by dividing the results given in Table No. 1 by the cor
rected factor of safety,
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No. 1.

WROUGHT IRON STRUTS.

ULTIMATE PRESSURE IN LBS. PER SQUARE INCH,
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WROUGHT IRON STRUTS,
No. 2.
GREATEST SAFE LOADS ON STRUTS.

Greatest safe load in Ibs. per square inch of eross section for vertieal struts,
Both ends are supposed to be secured as indicated ot the head of each col-
ume, If both ends are not secured ulike, tuke o menn proportional between
the values glven for the elasses to which each end belongs. I the strat is
hinged by any uncertain method o that the contres of pins and axis of stent
may not voincide, or the pins may be relatively stall and loosely fitted, it is
best In such cases to consider the strut as ** round ended.™

__ Lexerm FraT Fixen Hixaxn Rovsn
LEAST RADICS
OF GYRATION. Exps. Exps. Exns. Exps.
20 14,350 1 13,840 1
30 13,080 13,030 12,460 11,650
40 11,760 11,760 11,110 10,140
&0 10,560 10,860 10,150 8
60 10,000 10,000 9,290 820
70 9,100 9,140 8,950 6,850
80 8,420 8,420 7,500 5,950 -
) 7,20 050 6,840 5.230
100 7,450 7 0,220 4,560
10 6300 6020 000 3440
a8l
130 5,590 6,230 4.% 2,060
0 5,340 5,800 4,120 2510
150 4,50 O,5H00 3590 2,120
160 4,350 5,000 3,000 1,760
10 3,090 4,550 2,040 1,590
150 3500 4,170 i 2, 14810
190 2,190 389 | 2 1
o E | oo oo
20 2,40 288 | I.% ™
2% 2,350 2,640 1,460 720
240 2,000 2,410 1,140 650
250 1,910 2,180 1,040 ()]
260 a0 1,540 Hu 550
20 1,610 1,810 §i0 500
250 1,460 1,720 00 440
200 " 1330 1,610 30 410
800 1,200 1.500 670 450
- 310 1,080 1,300 20 2850
320 @ 1,200 580 320
890 830 1.180 540 200
310 B0 1060 400 260
a0 =0 1.040 450 240
860 G50 =) 420 280
ol 580 & 380 210
3% 510 5l 340 200
300 40 500 a10 80
400 4230 740 280 0
Ll

o g

Mz
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ROLLED STRUCTURAL SHAPES AS STRUTS.

The following tables for the working values of various rolled
structural shapes as struts are derived directly from Table No,
2. The radii of gyration are taken from Tables of Elements,
pages 92-101. In all cases the strut is supposed to stand verti.
cal. In short struts this distinetion is immaterial, but when the
length becomes considerable, the deflection resulting from its
own weight, if horizontal, would seriously affect the stability of
the strut. ;

The tables are ealculated for the minimum section of each
- shape. For sections increased above the minimum the resist-
ance per square inch will diminish. This amount can be accu-
rately determined by finding the correct radius of gyration for
the enlarged section as heretofore described. But within the
range of variation of section possible for any shape, the tables
may be accepted as practically correet. The head notes to the
tables indicate the condition assumed for each class of struts.
I the pins should be placed otherwise than as deseribed in the
tables, the strut may be either weaker or stronger, according to
circumstances, which have to be determined for any particular
cnse, This résults from the fact that a pin-connected strut if
properly designed should be considered hinged ended, only in
the direction in whieh it is free to rotate on the pin.

In the direction of the axis of the pin it can be trealed as a
“flat ended " stent,  An T beam strut of the character described
in Tables 3, 4, and 5, braced laterally in the direction of its
flanges should be considered also by Tables 6,7, and 8, as a
series of short struts whose lengths arve the distances between
points of bracing, and linble to fail in the direction of the
flanges.

Ezxample.—An 8" 65 1b, I beam, 18 feet long is used asastrut
having pins at both ends at right angles to web. Tt would then
be flat ended in the direction of the flanges, and by Table No.
7 the greatest safe lond = 1,990 lbs. per square inch of section.
If braced in the direction of the flanges at two points 6 fect
apart it should then be considered as a series of flat ended struts
6 feet long, whose safe load by Table No. 7, would be 8,320 Ibs
per square inch.
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In the direction of its web it remains a hinged-ended strut 18
feet long, and safe load by Table No. 4 = 8,600 Ibs, per square
inch.

CHANNEL STRUTS.

The foregoing remarks apply also to channels, which are seldom
used individually as struts, but frequently in pairs. When so
used, if the methods of connection are not of such a nature as to
insure the unity of action of the pair, they should be treated as
an assemblage of separate struts.  But if connected by a proper
system of triangular latticing, the pair can be considered as a
unit, and each channel treated as a series of short struts whose
length is the distance between centres of latticing.

Erample.—A pair of 9 54 Ib. channels, separated, ete., as
deseribed on page 110, are connected by triangular latticing,
forming a hinged-ended strut 10 feet between pin centres. What
is the greatest safe load, and how far can latticing be spaced ?

As deseribed on page 95, radius of gyrationaround axis across
the web of channel, or in the direction of the pin = 3.45 inches,
Radius of gyration in opposite direction = 8.07 inches. Least
radius of gyration for a single channel = .08 inch.

]
Ffor hinged-ended direction = 85, and by Table No. 2 Safe

Load =11,800 1bs. : for flat-ended direction = 39, and by same

table greatest safe load = 11,900 lbs,
“For each single channel the greatest length between latticing
= radius of gyration x 390 = 264 inches,

It is customary and is also good practice to reduce the dis-
tance between lattice centres below syhat the above calculation
would require.

Tables Nos. 12-14, give the greatest safe loads per square
inch of sectional areas, for struts composed of a pairof channels
properly connected together, so as to insure unity of action. The
figures are derived from Table No. 2.

The distances 1) or d, for channels placed flanges inward or
flanges outward respectively, make the radii of gyration equal
Lor ¢ither direction of axis,

['hese distances should not be diminished, and may be advan-
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tageously increased  especially for hinged-ended struts, if the pin
is placed parallel to the webs of the channels. These tables are
ealculated for the standard minimum secticn of each chanmel.
The distance d may be slightly diminished for sections heavier
than the minimum, but the diminution can be so little that it is
practically unnecessary tonotice it. Under each length of struts
in the table Zrepresents the grealest distance apart in feet that
centres of Interal bracing can be spaced, without allowing weak-
ness in the individual channels. The distance [ is obiained a4

shown in last example, that is, by making % - IEE

= length between bracing.
L = total length of strut.
g = least radius of gyration for a single channel
R = least radiuns of gyration for the whole section.

= ~

L 3.
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STEEL STRUTS.

A table for the ultimate resistance of flut-ended struts of twe
grades of steel will be found on page 81. These grades prob-
ably ecmbrace the extremes of the material, that is, the hardest
and softest steels that are likely to be used in struts.

Experiments on this material are not sufficiently ecomplete to
warrant a full statement of resistances of the various grades,
and for the various conditions of the strut, such us the methods
of connecting the ends, ete.

It is probable, however, that the relations existing between
the four clusses of wrought-iron struts, as given in the following
tables, will also prevail in the same ratios for steel. The safe
loads for steel struts of any section or length, can therefore be
obtained by increasing the figures in the following tables, for

auy ratio of %, in the proportions given on page 31, as existing

between flat-ended struts of iron and steel.

When a grade of steel is used, intermediate in hardness be-
tween the mild and hard heretofore deseribed, it is probable that
the strut resistance for such material may be safely approxi-
mated by simple proportion.

For instance, the steels referred to had carbon ratios of .12
and .80 per cent, respectively. A mean proportion of these
would be .24 per cent.

It is probable that steel of latter grade would pogsess inter-
mediate compressive resistance between the two grades described
from our experunents,
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" No. 3.

PENCOYD I BEAMS AS STRUTS.

| GREATEST SAFE LOAD IN LBS. PER SQUARE INCH OF SECTION,

When the strute are secure from failure in the direction of the flanges, anc
can bend ouly in the direction of the web €D,  Using factors of safety
| given in previous tubles,

Lexatn 15 Feer.

Size CoNmiTion
oF aF I"—-‘I
Brax. Exps. 8 m’m]n‘m:mimlﬂﬁ
]
15” Fixed Ends.. ] ..... Iﬁlﬂ lamu :smn I‘M.'H'l 12140 umrnsm 1050
Flut Ends,, | 14240 13700 13160 1:2650 12140/11 nmmlm

113790/ ]&!.Ill 12610/ 12050 1151011010 1@0 10530
.‘l‘llﬂ) 12500/ 11840| 11210, 10600, 1 0530( 9050

|

« . 14380 13840 18300 u‘rsn‘mrn 11760 11400{11040
il*lm 138401 13800] 19780 12250 n'm 11400/ 11040
.. | 130401 13350 12700/ 12190/ 11650 lllllI 10720110330
11360 10750, 10140| 9660 8170

{
Light ....[Hi Ends .,
"ﬁl i Rt::i,fftfxnde\.... S :&m‘mmn

{20 .. 14380 13570 12000 12270 1 1670 11220 10770/10340, 9920

- -| 14380 13570 12000 12270 11670 11230 1077010340, 9920

Heavy.... [Hinged Ends, 13940 1 lmllwnmn 10520 10040, 8500 9140

r=4% Round Ends.. [ 3330 12330/ 11520 10750 am[ 9410) S520| 80| 7720
| e

12" [Fixed Ends. ... {14301 mw&num‘nsm 10860, 10430, 10000

Flat Ends. ..... ,limlmmm:m 11760, 11310, 10860, 10430, 10000

t. .. Hipged Ends. .. 13940 13300 12400 11780 11110/ 10620 10130, 9650/ 9230

v 414" Round Ends. , ..1sm 1anm 1000010140 6530, 8930 8370| 7820

Xi 1 = | | ) f]

't [Fixed Ends. :m13!m 12400/ 11760| 11220, 10600/ 10170/ 9760} 6270

Flat Ends, . ... /13950 14160/12400{11760/ 11220 10690/ 10170, 9760, 4270

Hoavy,. . .[Hinged Ends, lsﬁxﬂmmm’mnlmllmw 49500 D410 BOBO| 8420

e = 08 Round Ends. .., | 12830(11840, 10000{10140 mm] 8710 BMO| 7530/ 6950

X mis. ... V

()17 |Fixed End: 13070 mmllamn-mummtm 10170/ 0760|9270

3 |Flat Ends. .77 |13070 13160 12400(1 1760/ 11230110690 10170 9780| 9230

Light ... Hinged Ends... 18500’1:!010 11780 11110/ 10520 6050 410 8060, 8420
- A |Iloului£ud_ﬂ....lm 11840 10000, 10140, 9410| 8710, 8040 7330

10" lF‘ixed Ends. ... 13840 13030{12140 1145010950 uwn mo 0430 8960

Flat Ends, ..., 13840 1030| 12140/ 11490 10050 10430, 8620 9430/ 8960

nm{, . Hinged Ends. . 13950 12460 tm Iumumm mu 860, 8180

* =94’ [Round Ends.. - [12670 11670| 1 20, 7140] 6580
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No. 3.
PENCOYD I BEAMS AS STRUTS.
A
]
\
&~ O
:
B
in the mﬁmﬂ columns r Indicaies the rading of gyration taken around
oxis A B, en strut is hin the pins are supposed to lie in the diree

tlon A 2. Under the conditions stated the strut may be considered flat
ended in direction A B

‘ Coxprrion Sizr
| oF ar
| 42 Exps, BeEam.

LenarTi 18 FrET.

| G190( 8880/ aasu| 8330 8140 Fixed Ends....| 15
| O190| B8R0/ BSSO 8320 8120 Flat Ends. . ...
| K330) BOOO| 760 3370 7100 Hinged Ends. .. |Heavy,

| B800| 6400 6130 mmi 5420 Round Ends. .. | r = 8%

0350|9040 BT0| 8420 8230 Fixed Ende.... 15”
9350|9040, 8730 awjamlrm Ends ...

85101 8160/ 7890| 7500| 7240 Hinged Ends. .. ug::t.
| 740/ G670/ 6310 M’ 5660 Round Ends... | r == 698

8000| 7860( 7630, 7410! TI0 Fixed Ends....| 19
| 7820, T590| 7330, 7020 Flut Ends . . .

 TMO| G720 G410 6100 BSO0 Hinged Ends, .. Hﬂ'{;
| 5350| 5100, 4i60| 4440 4150 Round Ends....| £ = ¢

80 wm! 1720 75001 7980 Fixed Fnds... | 197
70| 7020, 7080, 7450) 7140/ Flt Ende, .00

10| 6840 6590| 6220| 5920 Hinged Endi. | Light.
5190|5230 4590, ml 4270 Ronud Ends,...| © = 478

050
500
BN

T30

7590 7320 :mJ 6420/ Fixed Ends.... 104"
8400 | 540, 210 6340 Fint Ends......
701 6720 640 GOS0 D62 530 5010 Hinged Ends. | Heavy.
6400 mo‘ 4690 4320 3980 3710, 3300 Roond Ends.,. | r=4
800 7540/ 7890/ 7570, 6870| 6620/ Fixed Ends. 103"
RN 7500 mo[ 6810 6550/ 6210/ Flat Ends, ...
7010 Ba80| *080| 5620/ 5340) 5010/ Hinged Ends Light.
G400/ 4640) 4320/ 3080| 8710 3360 Round Ends....| ¥ = 430
R0 | TR0 7070 6830 6580, 6310\Fixed Fnds....| 10"
B0 7500 7210, 6810, 480, G160 Flat Ends......
THED 6410, HOSO. 5280 Hinged Ends... Rﬂv{i
M40, | 4320 3990 3630, 3340( 3080 Kound Eods,. | T = ¥
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No. 4,
PENCOYD I BEAMS AS STRUTS.
GREATEST SAFE LOAD IN LBS. PER SQUARE INCH OF SECTION.

Whan the struts are secure from fuilure in the direction of tha Nanges and
can bend only in the direction of the web (' D. Using factors of safety
given in previous tables.

‘ Lexaru 15 FreT.
Sz CoxmTioN |
or oF . i :
Beax. oy | s m~12|lu 1| 18 90[2
._______________..__' Ly I a
10" |Fiscd Ends.. 118840, 13080 narmu,-unm 10600, mml 2500
Fiat Ends. 13840113050 12230 11670 1130, 10600{ 10090 8550
Light , ... Hinged End - 13350/ 12400( 11150 1101010420 6860|4330, 8780
£ = 405 |Round Ends, ., .|,... .|[126:0, 11670 16350, 10020 mo, 8600| 930, 7330 !
Q'" |Fixed Ends.,. .wm 13430/ 12650/ 11760, 11180{1000010000| 9510| 8960
Flat Ends, . | [14380/ 1343012050 11760 111:50| 10000 10000{ 9510] 5960 |
Heavy.... Hinged Ends. . [19910/12000 1350/ 11110 10420( 0560 0330| 870| 8080
r =8/ Round Ends,. .. 13330 :m.ouml.mm B200| 8000| TR0 T240{ 6580
| i
Q" |Fixed Ends.... 14350 13570 12050 11890 11220/ 10660 10090, 9040 J
. Flat Ends. .. ... 1438013500, 12650 11860 11290/ 10600/ 10090, 590| 9040 |
Light ... Hinzed Ends. .. 1304013050 12050 11340 10520| 6050 9390/ 8780! 8160
re=anas ltoumlﬂnda....nlmoim usmlwmol 10/ 710/ 7930, 7330|6670 |
| ! |
" xed Ends... 14110 1302012140 1131
] Fixed End 2140 11310 1069010000 9430 8800, 8330
Flat Ends. . . 1411013030/ 12140 11310, 10080 10000, 8430, 8330
Heavy..... Hinzed Ends. . 13640 12460 11510 1060 , | 73
£ =531 | Ronnd Ends., amnrulnmuo' gaau| 81 mu‘ 7140, 3810
|
" xed Ends. ... 1411013160 1214011400 106001 10, i
] Fixed Ends. 0600 10000) 1510 ES8N| 8370
Fiat Ends. ... [14110/13160|12140| 11400 10690/ 104 50 1810/ 880 8370
Light . ...|[Hinged Ends. .. 13640 wno 1131010720 0050 4320 8600, HODD T430
o u7dd " Ronnd Ends, | 13000/11840 10600{ 9660 8710| 790 mol' tmuI 5850 |
71" |Fixed Ends.... 15570 12400(11400 10600 020| 9160| 8500 8090| 768G
Flot Ends. 3570 12400( 11400/ 10650 -mu 0190 8500 BOTD| 7640
Hﬂv;.. .{Hinged Ends. . (1305011380 10720, 9050 8140 8330) 75800 7040 6470
v~ 27| Round Ends, }umolamm 9660, 6710, 7% m) 6040|6350, 4830
"o Pix ds.... 13700 15 manq 101 1 ) :
7 Fixed En wm’ 70, 0510 saw] g280] e00
Flat Ends. . ... 13700 12650 1155010200 10170, 9510 8800 8270| T8
Light . .. Hinged Ends. .. 12200 12030 1001 mm{ 0410 S0 1910 TI00 781
riogley Rwruiknda....hﬂmillﬁl 8040 7210 £400 5730 Blee

|
|
N



TABLE OF STRUTS.

No,

4.

PENCOYD I BEAMS AS STRUTS.

B

In the marginal columns v Indleates the radins of gyration taken around
axix A B. hen strut 18 hinged the pins are suppo=ed to lie in the diree-
tion A 4. Under the conditions stated the strut may be cons flat

ended in direction A B.

Lexaru 1x Feet.

CoxpiTioN

8420 sm' 7810 7240, 6930
| T TOSO| GUG0!

| TiR0
TI00] BOJ0| G20 BEOO| S0
5420| bO30

8550 B180] VOO0, 7500 73X
8580 B170| 70| T540) 7210
TETU| T130] 680, 6340 HIS0,

.
£
g
g

g
g |
g

50| 7140 6320| 6200/ %0
6410{ 520 5500 5000
4760, 4270, 3570, 3440 3100

g2se

5]
2y |
53
5

#

0380 G170, SO0 B470) 5110
6160 Wlij B340, 0
10
1800

88 g27d
P
g
3
3

10

150
0

740, 5280 4820 4440 62
4000| F50, 3200, 2820 2150

-

G440
6070

|
bor
b
4120] 3730 Hinged Ends ..
2510| 2230 Round Ends.. ..

4740

4000| 8710 Fiat Ends.

2500|2440 Hinged Ends...| H
1620] 1420 Round Ends. . .,

8070 4740/ Fixed Bnds....
40! 400 Flat Bads=. . ...,
8160/ 2800 Hinged Ends. ..
1530|1620 Roud Ends. .

oF
40 Exps,

|
6700 Fixed Fnds....
6370 Flat Ends.. ...
5170 Hinged Ends, ..
3510 ound Ends ..,

L6000 Fixed Ends,,..
%0 Flat Enda. . ....
4440 Hinged Ends, .
2820 Round Ends, ...

6170 Fixed Ends....

nd

5510 Fixed Ends,..
4980 Flat Ends. . ....

4370 Fixed Ends...

t.
= 3-35

7"

Cavy.
= 2-Th

7"‘
R

{ 8E22 B2
2 &
.
85 28
g g

£t
i




TABLES OF STRUTS.

No. b.

PENCOYD I BEAMS AS STRUTS.

GREATEET SAFE LOAD IN LBS, PER SQUARE INCH OF SECTION,

- When the struts are secure from failure in the divection of the flanges, and
ean bend only in the direction of the web €. ». Using factors of safety
given ln previous tables, \

Lexern 1x Fert.
Size CoxpiTioN
or Oy
Briax Exps. 2 4|o 8 10‘12 1¢J|m 18
@'’ |[Pixed Ends....|..... unml:mufm mm 9840|8000 ge%0f 7810
Flat Ends. ... 1mmmm 9540|860 8270, TiRD
Heav:'r - Hinged Bnds, - | 112390 10010) 9960 9030| 8080, 7300 650
*3i" Round Ends... |, .. 13160{11520, 9000] 8710, T030| 6550 5730| K030
6’ [Fixed Eods ...|..... ‘H"ﬁﬂ IM;II'NJ_IDND 10090 9270, 8500 8000
Flat Ends.. ..o 00| 1433018080 11760 10059 10000 9270, 8500, TH70
Light. ... Hinged Ends, . 13940(12460 11110 10230| 9320 8420 7380 (410
Tk |mmua Ends.... ..,::m;lmm!wmi 950 TR BU50 6040 3200
5'" |[Fixed End=....|..... [13840! 19970 11040/ 10000 9040] 8230 780l 5110
[Flat Ends.. ... 2220 13340 12270/ 11040 10000 D040 8220|5640 G0
qu .Hinged Ends, .. ..., [lsswltﬂltmm m: 8100) T20 6470 H6SO
¥ Round Eods.. .| 1200 12670/10750 m?u| U670| BHOD 4830/ 4080
5" lFIxcd Ends.. .|t n 110/ 12650/ 11400 10840 9430( 8580 &000| 7300
Flat Ends... ..|.... |mm‘: 11400 10840, 9430 8580 7470 -ﬁ!]
L .. 0o Hinged Ends. - 136401 10720° 9580 8600) THTO hﬂlﬂl

¥ 2908 Round Ends . } llam 11210 ml 200/ mn| 6130] 5200
4" Fixed Ends. ... .|13180 11400/ 10080, 8880/ 8040 '?:H'l'i‘} 0750) 6130
Fiat Ends.. ... .. .. 13160 11400| 10090 802 720 §370, H700
Beu\-{.... Hinged Ends. (12610 10720 m &w BOT0, G40 B170] 4450
re1°83 [Round Eods. .!nsm' 0660| 7080 wmi mai 540 2870
4'' |Pixed Bods... ... |11|w1|4m1om. RO0| 8000 7410, g83) 6170
Flat Ends. ... |02 18160 11400 10170/ BOG| 8070|330 G400| 5740
-vooo Hinged End<) 11171112610 10790 0410) 8080, 7040 6100 gosal 4530
= 1"8 | Round Ends.,. |..... mm 96| 5040, mp| 5350, 4=mi 3650|2910
3” Fixed Ends.. tm ll"'ﬂﬂ 10000] 8500 740! m'ln! BEAY poan| 4210
Flat Ends... ... 1438 11700 10000| 8500 7500 6310 |5aan| 2540
aeavg' AHinged End=, :woumu QTHY THRO G280 5110 41001 S110] B8O
) ' Round Ends.. .. 1szm|wm, 78 0040/ uw‘ &ml | 1790] 180
8! |Fixed nn!.! .. 14520(12010 10170 8650 TA8D| 6870 6050| 5080! 4450
Flat Endo ....... |£4520/12010 10170] 8650/ TH0( 6550, SR10| 4630, 00
Light..... Hinged Ends. | 14000{11380 9410\ 7350] moi 5340/ «mu 3960|2520
P 1% | Round Euds., ..'mi 0440, 8040| (220, 4830|3710 2| 1970] 1468

_—
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No. b
PENCOYD I BEAMS AS STRUTS.

In the mnrghml columne r indicntes the radins of gyration taken aronnd
a:lu A. B. When strot is hinged the pins are supposed to lie fu the direc-

tion 4. B. Under the conditivns stated the strut may be considered flat
ended in direction A. B,

Lexarn ¥ Feer.

CoNvrrion Size

or OF
% Exps, Beawm,

| 8030 Fixed Ends,... 6”

8280 Flat Ends, .. ..
2360 2080 Hinged Ends,..| Heavy.
1190 Round Euds ,, | 7= 2-31

4250 Fixed Fnde,, 6t
«woo 3580 Flat Ends, ...,

2399 Hinged Ends, .| Light.
1850 Round Ends,,..| r=2-4

340 mjr‘lmi Ends.... 5"
2500 Flat Ends......

1450 Hinged Ends,..| Heavy.
820 Round Ends,...| f= 1w

3500\ Fized Ends,, 5”
i

1800 Hinged Ends. 'Z Ligh
1000 Round Ende.. . vy

| 1000(Fixed Ends....| 4r*
I A B
520/ Rotnd End 7... P

19301 Fixed Ends 4'"
mo Fiat Ends, ...

920 Hinged End Light.
540 Round Ende.,,.| *= 188

9950 Fixed Ends.... 3"

g+

i,..| Heavy.
Round Ends.,,,| ¥ l‘:';l
Fixed Ends.. - 8"

.| Light.
240 Round Ends,,, | = 1%

1060




TABLES OF STRUTS.
No 6.

PENCOYD I BEAMS AS STRUTS.

GREATEST SAFE LOAD IN LBS, PER SQUARE INCH OF BECTION,

‘When the strats are free to bend at right angles to the web ; or in the

weakest divection ¢ D,

Using factors of safety given in previous tables.

Lexara 15 FegT,
Bize CoxDITION
oF OF [
Baix. Exps 2 |[4]6]|s mlm[:&|m 18
|
Fix % 1 m 1 8420 06570 4170
L ed End 438 00/ 10000 B0 i
Fiat Ends. . ....| 1438011760 84301 7450/ §260| b340| 4350] §500
eavy.... Hingml Ends, .. | 138011110 $230) 7300 6220, 5000 2350
=130 (Round Ends....|13330/10140 7820{ 5G50| 4500) 8440, 2510| 1760 1310
|
15" |Fixed Ends....|t4110{11400f 0430 8000| 7030 6000| 5150, 4250, 8500
Flat Ends. . ... [14110{10400] 9430] 7970| 6780] 56650| 4540 2000
Light, ... Hinged Ends...|13640{10720( 8620 6g10| 5560 4440 3360, 2320|1800
r=ida’ d Ends.. .. 13000 9660) 7140| 5200] 8420 2820| 1900 1000
19'" |Fixed Ends,... 1424011670/ 9840) 833 £530| B3O 4000
Flat Ends. . ... 14240/ 11670) 9840 £320| 5270! 6110] 5130 3340
Heavy.. .. |Hinged Ends. .. [13790(11010] 9050 7370/ 4910|5900 2130
7=17 {Round Eudx....|13160{10020 T030| 5310| 4380) 8200 1230
192" |Eixed Ends,...|13310111040f 0110| 7720| 6710 5630| 4740 3060
Flat Ends. . . ... 13840/ 11040| 6110 7680, G310, 5180/ 4090 2570
Light ... Hinged Ends. .. 13350(10830) 8250/ 6530| 5110{ 3050] 2800| 20%0| 1510
=10t | jound Ends,,..|[12670| 9170 6760| 4890 swul ZIN0, nml
t Fixed Bnds....|14780/11700/10000) 8370 mo 6020) 5750| 4950] 41
10} o
Flat Ends. . ... 1430}1176C/10000] 8370/ 7300 6210/ 5280/ 4300] 8460
Heavy,...|Hinged Ends, .. |18910|11110] 9230, 7450 s:no £010, 4060, 801 m )
£ =119 \Round Ends. . ..|15330(10140, 7820/ 5850 4300| 3390) 2470 1780, 1260
| =t
104" |Eixed Euds.. -+ |13840/10A50| 8960/ 7590( 6380 5510f 4530 2850
Flat Ends. .| 1394010050 8060/ 7540| 6160, 4080 ssmt 3010|2440
ht..... | Hinged Bnds, . | 13350/ 10230 8080, 6340 8780| 2600 1880 1400
=97 \Round Ends,. . mm‘ Q050 G580| 4680 3340 2230 nsm 1 700
.| 18540 10950, 8060 m 3510] 4530 2880
13840 10050/ 8060 61600 d4980| 3870| 3010 2440
.| 13350 10230, 8080 2600, 1850|1400
12670, 9050 m |=mu 1500 1060 790
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No. 6.
PENCOYD I BEAMS AS STRUTS.

In the nal columns » indicates the radius of gyration taken sround
axi= 4. B. hen the strut is hi the pine are mppnsed to lie in the di-
rection A. B. 1If the pins lie in the direction €. I consider the strut fiat
ended by this table,

Lexarn 1x Feer.

15001 1200
1200|970

1160| 1000{ 860 Nﬂill“ledEudl & 15::
géno 2;3 2% %’ﬁi“‘.f&“&u | Light,
) Hin X

950l 230\ 200 170|Round Ends....| *— 1-08

1410/ 1210) 1040| 20 Fixed Ends....
80 % 0 Q‘?ﬁmnguannd" Heavy:
30| 200 240 210/ Round Ends..,.| = 1717
1000 0 ..... Fixed Ends 12n
a0 5100 410/ Flat Ends,.....

430 340 2:0)..... Hinged Ends...| Li
230|200 7 D Ruulf':f]inds. A t—g?al

090 Fixed Ends.... 10;’"

T B e s 1
| . CAVY.
o0l ool a0l 20 [Round Eads,.. | * = 1°%
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No. 7.

PENCOYD I BEAMS AS STRUTS. /

GREATEST SAFE LOAD IN LES. PER SQUARE INCH OF SECTION.

The strut Is supposed to be free to bend in the weakest direction €. 2
The radius of gyration is taken around A, B,

Lexorn v Feer.
8:.:'3 CoxpiTion
Brax. e;iusw 12|14 |w|8
— T =

10” Fixed Ends....[13700 10770| 8730 7450| 6400 5310) 4200 3430, 2710
Flat Ends...... 13700 10770] 8720, 7300| BOT0| 4730, 8620| 2850, W)
t.... Hinged Ends. .. 4TI 3460|2360 1750, 1300
=9 Roaml Ends....[1 8150| 2M0; 1370, 90, T
9” Fixed Euds..,. B440| 5300| 4970 3500| 2760
Flat Bnds. ... .. b G020} 4880( 710, 2000 2340
eavy. ... |Hinged Ends, .. 4820( 8570) 2440) 1R00| 1330
r==:9 Round Ends.... 12500 3200 ilml 1420| 1000) T30
9" Fixed Ends ... 6010/ 4910 3860, 8000 2340
Flat Ends. ... .. B500| 4260, A0 2530, A0
Light.... [Hinged Ends. .. 12000 9770 4850 2070, 2M0| 1470| 1110
! ERw s nd Ends....|12170| 8480 5880, 2780| 1710| 1160 830 630
8” Fixed Ends....[1857010770| 8650 6310 5270, 4210 A370) 40
Flat Ends.. ... 1257) 10770 8550 4680, 3540 2800 250
Heavy.... Hinged Ends, _ 1305) 10040) 7750 4670 3410 !!ﬂ'll 17100 1260
g—std Ends.. .. 12830 8820 6220 2010 ::m' w0 720
8 Fixed Ends....[13430/10430/ 8330 56O | 3700 M‘ 2290
ik 13430110430 83230 6520 4170, 3160, 2480 1080
wight....... [Hinged Ends. .. {12000| 9680/ 7370 4300 2800| 1900 1430 1000
#= 85 |Round Ends....[12170| 8370, 5810 20600, 1660, 1130 81!)]' 620
7” Fixed Ends. ... [13080) #920) 7900 5910| 4100 3000 240, 1800
Flat Ends,..... 13080 9020 T80 4730 3480| 2600, 2020| 1560
Heavy.. .. |Hinged Ends, . |12460] 0140] 6780 B400| 2200] 1580 1110, 840
=21 Round Ends., .. [11670 7720, 5160 2AMO; 120, 860, 630 480
7" Fixed Ends.... 1316010090 8040 5550 4330| 3340/ 2540 1920
Flat Ends o | 13100 10000 SO0 5OB0| 3060 2780 2170, 1700
i Light.....[Hinged Ends. . 12610 4820 6450 4700 2400| 1090, 1 a10
b *5% |Round Ends, ... 11840 7930 5270 20| 18390 (40| 690 B30
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No. T.
PENCOYD I BEAMS AS STRUTS.

A. B, indicates the direction of pins for hinged struts In this table. If the
pins are placed in the direction €. 2. consider the sirut as flat ended. r in
marginal columns indicaes radius of gyration around A, A,

L FrET.
I CoxmTion Sz
or oF

2 ‘ 22| |9 |28 |30 |3 8[| Bsos Bare

— S —_—

2110, 17 1460| 1210 1020] 860, TA..... veves|Fixed Ends.... 10"

1800 1400( 1160( 80| 600, 510 41010001 <ee Fint Ends......

1010, 800, 650 340 mj 840 200/ .. /Hinged Fnds,..| Light.
\ 580 450\ 8do[ 290 =30| 20| 160[.57 {Round Ends...;| £= v
r | |

21801 1780} 1500} 1240] 1040{ 880 'Nﬂi. sss]errs. Fixed Ends.... 9"

1010{ 1530 1200 G20] TR0 430 .| Flat Ende,.....

M0 B0 g be0| 460 .| Hinged Ends. .. Beuv;i.

600 470) BV 800\ 240 .|Round Ends....| ="

1840 1680 1350, 1080] 860 Fixed Ends,... 9"

1610/ 13801 830, T10f 56200 .. \Fint Ends, . ....

O 680 ﬁ&l] 440 340 Hinged Ends...| Light

BOO, 8800 800 230 200 Round Ends,,..| r= =
‘ 0| 1700 rml 1M e80! ..|Fixed Ends, ...

183 1440{ 1190 860 670 ..[Flat Ends... 0.

TH0| 640 530|420 ..Hinged Ends

ml 430( 800 280 mll Round Ends. .

18000 1500| 1220( 1010] B40] T00|...eu|eeeoifanans Fixed Ende.... 8”

Emmsle s B G

! il | F 0 m 8. v

480 80| 00| 280 100 100).....|eeeenenans Round Ends.,,. e

14501 1150] O8O0 AT0f.oveliicccfeonsa]oeees <oo«(Fixed Ends....| koo

1150 80| 610) 450, «|Flat Ends. ...

650 k30| 400 200(, . |Hinged Ends...| Hea

aw“ B0, M0l 100 . .ifeceeefannin]eninss vves|Round Ends,, .. | *= "

3570 1080 e

129 710, 510

710 0, 840 t.

810, 230 200 i
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No. 8.

PENCOYD I BEAMS AS STRUTS.

GREATEST BAFE LOAD IN LES. PER SQUARE INCH OF SECTION,

(See remarks at head of Tables No. 6 and 7.)

Size Coxprrion ittt i
or or ]
P Hine |2 slelslw te|14fra[:s
" W S — —_ .
" |Fixed Ends.... 12140f 8880, 7080 5470, docof 2s30f 20m| 1550 1170
6 { |
Fiat Ends.. ... 12140 8850, G780 4100 3340| 2400 Ti80| 1260 860
... Hinged Ends. .. 11510 8000, 5560, 8080 2130| 1870{ 960, 700 530
#="5"Round Ends. . 10600 6490 300 2190 120 770 ml 20
| |
| | JLgt
§'' |Fixed Ends.... 190 8960 7110, 5300 4100) 2040 2000|1500\ 1220
Flat Ends. ... [13070) 8060, 6600 50S0' 3430/ 2480| 1840) 13100 600
-.../Hinged Ends 11630/ 8080, 5680 %40 200( 14500 1000 720 530
£ 488 Round Ends.. . [10750( 6580] 4080 210 120) 810 oA 400} 20
|
ix <van |11760] 84200 G670| BON) 2410 1720| 1200 680
5''  |Fixed Ends | 8500
Flut Ends. ..., 11760 8420 6200, 4350 2000| 2070/ 1460) 07| 650
Heavy..... [Hinged Bnds. " [11110[ 7500 5060/ 3060[ 1800( 1140/ 790{ 80| 420
=0 Round Ends..... 10140] 3050, 3440 1760 1000 620 440 S0 280
o
5" Fixed m-....lnm | Sl a0 S0 2410 170 13| 980
Flat Ends. ..... (11760 8420 6:200) 4350 | 2070 1460 90| 650
Light..... Hinzed Ends. .. [11110] 7500 8060 1800 1140 790 58| 420
= %" | Round lmml 50| 3440 1700 1000 600 440| x| B0
| | |
4'" [Fixed Ends....|12010) S50/ 6010/ 5310 3630 2060| 1870| 144| 1070
Flat Ends.. ... 12010{ 8730( 6000| 4730 3100| 2%60| 1650, 114(| 770
Heavy.. .. Hinged 11380 7830 5I90| 2400 %20 10| &0l o) 40
r="9"|Round Ends....|10440| 6310 5760| 2040 1150, 720 10 86| 250
|
4’ [Fixed Ends....[11130 70| 5c00( 2800 2520 1690| 1200/ 8
Flat Ends. .. .. 11130| 7730, b2s0( 82%0| 2160( 1430 880 BN
Light......[Hinged Ends. . /10420 G500/ 4060| 2060 1200 770, bio| 850
£= 50 Round Ends, m’m 2470 1180 080 430 200 20
3t  |Fixed Ends....[11670 8570 6620, owl 2400/ 2310/ 1060 040
at Ends.. ... (11670 &%0 621 2%30| 2000 1800 @20/ 600
Heavy. .. Hinved Ends...[11010| 7430 5010/ 26 1730 1100 760 560 390
* =8 Round Ends.... 10020 5830/ 3390| 1710] 960 amr' 420 i 210
|
| | | |
3’' [Fixed Ends....[11310 7900 2060 130 2330 1810 3 . 710
|Flat Ends. .. 0 11310/ 7590, 5520, 3460, 2380 1580 | 400
Light. .../ Hinged .. 10620 6780 200 1810 850 500 410 260
7 Rownd Ends..[|| 653 3160 2080 130 7 4 50 mj 160
|
el P - —

-
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ROLLED ANGLES AS STRUTS.

Tables Nos. 9 and 10 apply to even-legged angles acting as
struts. As described in the head notes, the angle is considered
free to yield in its weakest direction, that is ir the direction
of the least radius of gyration.

If the angle is prevented from failing in this direction, by
bracing or otherwise, its resistance will be increased to some ex-
tent, and a correction can be made by taking the greatest instead
of the least radius of gyration into the calculation.

Example—An angle strub with flat ends, whose dimensions
are 4 x 4 x § inches, and 12 feet long, hus o least radius of gyra-
tion of .81 inch, and greatest radius of gyration 1.24. When

144

’ !
the strut has no lateral support the value of = would be —7 =

178. (Sve table on page 98.) By Table No. 2 the safe load
would be 3,680 Ibs. per square inch.

If this strut ic now braced so that it cannot fail in the weakest
direction, that is in the line of a diagenal from the corner of the
angle, but is free to fail in the dircetion of its legs, then the
value of : becomes ;4;1 = 116, and the safe load by the tables

becomes 6,500 Ibs. per square inch.

STRUTS COMPOSED OF SEVERAL ANGLES.

If a strut is composed of several angles, properly braced to-
gether, so that the angles cannot fail individually, find the least
radius of gyration of the section in the manner described on
page 111, and thus the working resistance of the strut from
Table No. 2, as described before.

a FExample.— What is the working resistance
J:J :L] of a flat-ended strut 10" square oulside, and
r 18 feet long, composed of four 3 x 3 angles
T L 4 connected by triangular bracing ?
The radius of gyration as found on page

l:\ J 111, is 4.21 inches, {:51,

Safe load per square inch by Table No. 2 = 10,500 lbs.
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But the angles will fail individually if the bracing is not suf-
ficient. To determine the greatest distance apart for centres of
bracing, consider each angle as a strut bearing 10,800 Ibs. per
square inch of section. The least radius of gyration for a single

angle is .60 inch. By Table No, 2, the value of correspond-
[z

irg to the pressure of 10,800 is 51, as found above. Therefore
<60 x 01 = 80 inches, which is the greatest distance apart for
centres of bracing, For properly designed struts of the fore-
going section, the resistance per square inch may be ascertained
approximately by means of table No. 18, page 158, although the
former kind of column should be somewhat stronger than the
latter per unit of section.

STRUTS OF UNEVEN ANGLES,
When uneven angles are used as struts, find the value 01%

by means of the least radius of gyration as’ found on page 99,
and the corresponding resistance per square inch of section by
table No. 2 as before. If the angle is bruced in such a manner
that failure cannot ocenr diagonally, it will then fail in the di-
rection of the shortest leg, and if braced in this direction also,
it will be forced to fail in the direction of the longest leg. The
resistance in either direction can readily be found by means of
the respective radii of gyration, as given in columns VII, VIII,
IX, page 99.

1t is frequently desirable to use a pair of uneven angles,
braced together in the direction of the shortest legs.

Total length = I,

@
|l o o

A ™ i i
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sections will be the same as the greatest radius of gyration for a
single angle. Therefore take in the tables of elements of un-
even angles, the greatest radius, or that corresponding to axis
A B, when estimating the strength of the combined sections,
and the least radins when determining the distance between cen-
tres of bracing.

Lzample.—A flat-ended strut, 16 feet long, is composed of
two uneven ahgles, cach 6 x 4 x § inches, and 4.75 square
inches sectional area. The angles are braced together in the
direction of the short legs. What is the greatest safe load for
the strut, and what the greatest distance between centres of
bracing measured on the leg of the angle ?

By the tables on page 99, the greatest radius of gyration =

1.9 inches, therefore i =101,
>

By Table No. 2 we have for this 7,450 Ibs, per square inch,
or 70,700 1bs, for the whole strut. The least radius of gyration
is .02 inch, which multiplied by 101 gives 92.9 inches as the
greatest distance between centres of bracing.

To findl the greatest distance apart centres of bracing (7) should

be it is only necessary to remember that —i should not exceed % /

! = distance between bracing centres,

r = least radius of gyration of single angle,

L = total length of strut.

R = least radius of gyration of combined section.

When struts of any section are hinged, in order to utilize the
maximum efliciency of the strut it is of the utmost importance
to keep the centre of pin in line with the centre of gravity of
cross section of the strut. In the tables of elements 94-101, the
positions of centres of gravity are accurately defined.
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No. 9.

PENCOYD ANGLES AS STRUTS. |

GREATEST SAFE LOAD IN LBS, PER BQUARE INCH OF BECTION USING
THE FACTORS OF SAFETY OF PREVIOUS TABLES.

LexoTu 1x Feer.’
CoNDITION OF

Stz oF ANGLE.

|
Exps. 810|121 16|18

(i
0020, 5370{7410{65%0 571014870 4060
m?mmalw,mmm
9140{7430 B100/4960 4010, 2930 2180
T20| 6880|4440 8340|2430 (1690, 1260

" ' |Fixed Ends....
6 X G Flat l-:mll! ......
i Hinged Ends, ..
T 1048 Round Ends.. .. 13330 10020/

5:! * 5“ Fixed Ends ... 1 BO00T030] 6020|5590/ 4570| 86902040
) IFlat Ends. . ...
h Hinged Euds...

L= Round Ends....

4" e 4" Fixed Ends BO0O|GTH0| 5470 328012470, 1870

Flat Ends. TOT0| 6370 4080] 358012730/ 2120/ 1650
Hinged End 9&3’3- G810 M?l'llﬂﬂm 2320 1650{1170| 800

e Round Ends.... 11670 7030, 520035402160/ 1350 60| 510

3%”)( 3&_“1’1:«1 Ends.... 12':&!1 m' 'rowm 4590, 3% 1-41 1700' 1400

Flat Ends. ... .. ; l:u-n wnmmwﬁn:{m

Hinged Ends. .. mhw {M40{ 4250 26001 1670|1140 £30| 620

LA Ronnd Ends.. .. ucmi mm l.'m| 30| 650, 470, 350
3" X 3" Fixed Ends.... 11760 w.n 6670/ 500018500/ 2410/1720/1290( 080
Flat Ends. ..... 11560 8420 u‘ammmimn 14601 g70| 650

Hinged Ends. .. (11110 7500| 5060(8060/1800/1140( 790| 580/ 420

o Round Ends. .. 10140 5050| 3440/1760/1000| 650| 440| 320 230
gre *|Fixed Ends.... TR0
23" % 23" Irint Ends. om0 | 6
Hinged F.‘ndn...!w‘mﬂ | m‘m 1430 640/ 450 300

g
&
£
5
g
g
£
3

‘ 1 ams-uollm 1130] 830. ...
m«: "frlﬂ‘ 51303130 20701350 830, 480/, ...
130 6470 1970 ll-lﬁ 'MD 510| 3%20.....
9170, MJ uml {
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No. 9.
PENCOYD ANGLES AS STRUTS.

The radins of wrnlicm is taken about the axis 4 B,which also indicates the
direction of pin If the strut is hi s
r In marginal columns indicates radius of gyration around axis 4 B,

Lexorn 1x Frer,
CONMITION oF
Si1zE OF ANGLE.

20 22 |26 /98|28 303|334 = S
3400/2780 2310 19101660/ 1440 1240 1060 940 Fixed Ends... | 6/' x '
30 pmummulm 9200 750 600 Flat Ends, .., .,
1730 1340 1100| 10| 700/ 640 560 390 Hinged Ends. .
960/ 760/ 630 530 420 860/ 300 240 210 Round Ends....
2060/1870/1500 13401100/ 950|810 G001 ...|[Fixed Ends....| /' K1t
2030/1650(1310 1020 00| 620 d70| 8900, Flat Ende. . ..., 2
1120) 800 720 600 490| 400| 810, 250/. ... Hinged Ends...
640, 510) 420) 380 260 220 180 160/..... Round Ends....

-«[Fixed Ends....| 4'" x 4!

e 3‘§'” % 3%"
Ends...

3” ® 3!]

1215 28

sessfrcnafesaclivacloniaanns
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No. 10.

PENCOYD ANGLES AS STRUTS.

GREATEST SAFE 1.OADS IN LBS, PER SQUARE INCH OF S8ECTION,

(Sec remarks at head of Table No, 9.)

Lexarn 1x FeeT.
CosmTiON oF

B1z oF ANGLE.
Expe. 2| 4|6 |8|10|12|14]|16|18
| i, e O S 1 | =
iz r+|Fixed Ends. ... [10600) TI00| 50003060 1870, 1200 640,....
217 % 21" bt Buds. ... /10600 7020, 4350/2600/1080 970) 50| 840/.1-
Hinged Ends,..| 9860 | 1680, 890| 580, 360) 230)....
- ¢t 44 |Round Ends....| 8600 4150, 1760( 860, 510| 520 200/ 140 ....

Hinged Ends. ..
| T Round Ends....

]
Py !t |Fixed Ends. ...
}I 2 X 2 Flat Ends......

" 11 Fixed Ends
. 13" % 13" kac ends..
|Hinged Ends. ..
Fa= 88 Round Ends. ...

" 1 Fixed Ends, .. .| 8650
"% 1 i Enas.. o0

Hinged Ends. .,
£ = +3) Round Ends. .. .| 6220
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TEE STRUTS.

The following tables are for even tees. For single uneven tees,
find the least radius of gyration from the table of elements, page
101, and proceed as deseribed for angle struts, on page 135,

When a pair of uneven tees are braced together in the diree-
tion of the shortest leg, they form a single strut, whose least
radius of gyration is the same as the greatest radius of gyration
for a single tec,

Therefore, when determining the resistance of the combined
strut, take the greatest radius of gyration from the table on page
101, and the least radins of gyration, when determining the dis-
tance between centres of lateral bracing,

Erample.—A pair of uneven tees 5 x 2! inches, whose total
area is 6.1 square inches, are braced together in the direction of
the shortest leg, forming a single hinged-ended strut 15 feet
long. What is the greatest safe load, and what the greatest
distance between centres of lateral bracing ?

By table on page 101, greatest radius of gyration = 1.14 inches,

} =158, which by Table No. 2 gives 3,100 lbs, per square inch,

or 18,900 1bs, total greatest safe load.

Least radius of gyration = .72, which multiplied by 158 gives
113 inches as the greatest distance between centres of lateral
bracing.




TABLES OF STRUTS.

No. 11.

PENCOYD TEES AS STRUTS.

GREATEST BAFE LOAD IN LBS. PER BQUARE INCH OF SECTIDN,

When the strut is free to fail in the direction ¢ 2), Using factors of safety
given in previous table,

ol Lexoru 1x FEET.
Bize or Ten oF
Exps. 2 6 ] 8 10
" 't |Fixed Ends....
4 X 4 Flat Ends. . . ...
Hinged Ends, ..
Ll | Round Ends,...
" ' Pixed Ends,...
3‘} X 3% Flat Ends,. ...
Hinged Ends. ..
= T4 Ronnd Ends....|
iy ot Pixed Ends....
3 %3 }';Ijlll Encgl.&....
nmﬂ. 1. R
YEZ A " |Round Ends....|
" *1|Fixed Ends....|
2} X 2‘!’ Flat Bmds,.....
{Hinged Enda, -
P -ab |Round Ends. . .
2}!' x 2*”
Hinged Ex
B o o4y Round Ends..,..
" 1t [Pixed Ends....
2" % 2" Ipat Eads. oo
Hinged Ends. ..
P43 Round Ends, ..,
-
" 1 Fixed Ends
li' X 12‘ Flat Ends......
Hinged Ends. ..
[ Round Euds.. ..
11iFixed Ends....
i
1 e
d Ends...
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No. 11.
PENCOYD TEES AS STRUTS.

[ A —}

‘B

Radius of gyration taken aronnd axis 4. 1. which also Indicates the diree.
tion of pin when strut is hinged. » in marginal columns indicates radius of
gyration around axis A. B.

LexeTtn 1x FEET.
: n;nox Size or TEE.
6|18 | 2 |2 ’ 2 |26 | 28 Expe.
)
"}
20560 1 mm‘ 1070) 910] 740Fixed Ends....| 4! x 4"
260 1790 1380 10300 50| 57| 430!Flat Ends. ...
1270 750 600 470 80| 280 Hinged Evds, ..
= 4% 80 25| 200| 170Round Ends...’| *=-#
1 1580 1250 ()7 R A Fixed Ends. . 911" ’
1760, 1300 80| 670 Sl Pt Bode. 0 33" x 3%
950( TI0[ bB60, 420 8w0f.. .l .... Hinged Ends, ..
400, 800| =230 180|..... il |Round Ends....| =7
1400! +iess|Fixed Ends ...| 9t "
1090 - [Fiat Ends. . 3"x3
:|Round Ends..,.| = -
1 ... |Fixed Ends....[91 1 "
m - E;I[nt Erldnii&é... 2& X 24’
Round Ends.. .. L.
FO08:. . i ++.|Fixed Ends.... e Q1M
400 {Fiat Ends.. .11 2} x 24
../ Hinged Ends. ..
%] ..|Ronud Ends., ., B

Lexaru 1§ Frer.
4 _n_| 8 | 10 |12

Sizn or Trs. or Exps,

- li!l‘x l*nm

= oy

1t#x -lﬂ

LAt ]
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144 TABLES OF STRUTS.

No. 12.
LATTICED CHANNEL STRUTS.

GREATEST SAFE LOAD IN LBS, PER SQUARE INCH OF =ECTIOSR,
USING FACTORS OF SAFETY GIVEN IN PREVIOUS TawLES, ¢

For a pair of braced channels or for a single channel secured from
flexure in the direction of the flanges and liable to fuil only in the
dirccutm of the web € D,

r in the marginal columns gives the radinys of ton for axis
A B, or for either axis of the combined pair of channels. See de-
m-lpllon. page 121, =
L Size Coxvirion Lo 08, SN,
o oF ;
. Omxxm|  Exos. 6|8 |10f2||w|8 ‘ 20 | 2
L4 1 | ! |
| 15" |Fixea Enas.. ' 270129001 12400 11890{11400 /11040
e Rrar (ISt Bnds, ool 1mnmutmm1mm
D= 137 [Hinged Em‘l.l .......... n"wmm mm 10330
d= s [RoundEnds....|.....}ce. wugtl 9660 917
A . ! 3. 09 4,10 4.51
12"y |Fixed Ends....|.....[1420 11580 11130{10600/10170
+ = 4.3 |Fint Ends, . 14240 T1580/1 1150/ 10600/ 10170
D = 10-3 Hinguod Ends. 18790 M10
B s [Rounhd Ende. .|, . lilg %

121t |Fixed Ends.. 14240/ 18570{ 12780
= a-50 |Flut Ends, . = 1%:11&«: 12780
D= 10°3 Illll.xnd E.mts - - 13700 13050/ 12190
- ud Endssv..|..... wlmlnr.m 11360

1.30 1.82 1,

10"y Fixed Ends....|.....
T 3e0e m“g&;‘g-ﬁ;‘“'-----l | { 1 9140

4 n, T ) PSR i |
D=3y [RoundEnaslllll] 11590 1 0000 97801 9060

- 13700112000, 12140, 11400 10050/ 10540
.1 13700(12900/ 12140/ 11480 10850 10340
113200112320 11510/ 10620 m.'m

i -
+ e e | 14240 13300/ 1240011580 100501 10940] 9760

...... 1m1m 12400 11580/ 10050 10340, H'lﬂ'l

. 00
I“.Lﬂ'ln 1.712 3.“]!!1 2.75 llﬂ 8.&
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No. 12.
LATTICED CHANNEL STRUTS,
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GREATEST SAFE LOAD IN LBS, PER 8QUARE INCH OF SECTION,
USING FACTORAB OF BAFETY GIVEN IN PREVIOUS TABLES.

The channels must be connected #o as to

feit on each channel that centres of lateral
hracios shoold be pinced.

L1 L

Insure unity of action sand separated not
less than the distances 2) or o respectively,

ven in Inches in the margiual colnmns, N D
Migures in heavy type under each length
represent the greatest distances apart in Ly

v ts.l"m. Coxprrion Size
or oF
M| 26| 28| 0 m‘s«|asasn Exvs. CHANNEL.
B | "t ST S P T R il
10000 10260 9020 6500 mo! saso| 8680/ 8380 8000/ Fixed Ende....| 15"
1009010360 W20 9500 1190 R8SD| K580/ 8270 K030 Flat Ends. 111 [ guny
00| 9500 9140 KTRO, £330 SO0, 7670| 7300 M0 Hinged Ends.ll| 1y
&710) B150| 780 7830| 6850| 6490 6130 5730, 5360 Round Ends ...| D aie
4.92 nsl 8.1 6.15) 6.88 .07 7.38 7.7 8.20 :
gro0{ 0250| 8880 8500, 8200 7950, T70| 7500] 7240/ Fixed Ends,...|12" 'y
9700| 92:0| S0 300| 83| 7930, 080! T4B0| TOSOIFIAL ENAR. ..o | s oe 450
8060( S20 H000 7580 7240/ 6840 6330| 6220 5860/ Hinged Ends . | 1 e
7530 6050 6490 G040 BiL0| 5230 4800| 4560| 4210 Round Ende....| D75
4.8 ”‘J 5.68 6.06 _a.sr| 6.87, 7.28| 7.68| 8.00
o700 9970 HS80 RSO0 7930 7720 7000, 7280 Pixed Ends.... 12''Lit
0760| U370, K880 S500| 8290 702 TESO T450,
£060( 820{ 8000 7580 7240 6840
3.8 4'.:1% 4.6 4.86 5.19 5.51 :.ui
8000 8420 8140 7860, 7500, T30 7070
£000 m[ S120( 7R30 7540, TI0 640
BONO( 7500, 7100 G730 G340 SN S
6390/ 5050, 5420/ 510u] 4690 430 980 ;
5.13| 5.56 5.99 6.42 6.85 7.28 'r.nl 8.14 s,n|
gs00| 8420| 8140 7810 7340] 7980! Ts0) 6590 Fixed Ends....|] ('Lt
8880| 8420( §120( 7780, 7500/ 7140 G780 8110 Flnt Ends, ..o 5o gon
H000| 7500/ T100) 650, 6250 HI B560) 4910 Hinged Ends...| 1) ‘ss
6400|5050 BAZ0, B3| 630 4250 3620 Round Ends... | B= 53
4,26 4.01) 4.97 5.32 5.8 6.03 0.89
8290, TO50| T30, 7320 7090 6750 5810{ Fixed Ends...
870, 7000/ 7500 710 680, 6370 H020 Fln
7300 0840( 6410 BOSD. 5560 5170, 4830|
5730| 5230/ 4760 4820 8920 3540 8200,
47 612 582 5.1 a.an| e msl
mm'm‘qmo!mmmo'm.
F010| G 6340 45D 500, S110, 4770
S0l 5160 460 470, S0 3490 5150 S| 210 Round End s
413 4.47 t.li 518, s.nl s.asI s.ui- | adEate | ¢ 20
i —

o
bt

|




-
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TABLE OF

No.

STRUTS.

13,

LATTICED CHANNEL STRUTS,

GREATEST SAFE LOAD IN LBS. PER BQUARE INCH OF SECTION,
USING FACTORS OF SAFETY GIVEN IN PREVIOUS TABLES, o

Fora
direction of the web ¢ D,

¥ in the marginal columns gives the radins of Eyratlon for axis'd
%j. or for either axis of the combined palr of ¢!

ption, page 121,

alr of braced channels or for a nlnglra channel secured from
flexure in the direction of the flanges and

fabie to fall only in the
-B

annels, See de-

Lexatn x Feer.

Size CoxprrioN
oF or
Cuanxes Exps, 6 8 [ 0|12 14] 18 [ 18 | 20
8"'He'vy Fixed Ends....|.....[13310(12000 11890 11130/ 10430| o700/ 0100 8550
ro=2.08 |Flut Ends.... -|18840/12900 11890 11130 10430 9760 8160| 5550
D3 |Hinged Ends. - 13350/ 1239011240 10420) 9680, 2090 7670
4= ¢-x |Round Ends .. | 0000267011520 10000 900! 83700 7590 6130
1.39) 1.8 2.32| 2,78/ 3.25| 3.71/ 4.18/ 4.6
8'"Light |Fixed Rnds......... 18970 12000(11890 11130/ 105%0] 984/ 9190 8580
s pege |FlatBods: ... o)l 13970 12000/ 11890/ 11130/ 10520( 9840, G100/ 858
D=1 (Hinged Ends, .. ... 1350012820 11240 10420 9770( 9050 8830| 7670
e und .| T2S30/ 11520 10200| 9390 B9 7630 6850/ 6130
1.16 1.55| 1.04 2.33) 2.72 l.1|I| 3.40/ 3.8
7! "He'vy|Fixe) Ends....|..... 13430 12270 11810{10520| 9760 9040 8370 7950
P I T PR 1m'wm'mm-1m[ W60 9040 ml 70
D= s-s |Hinged Endsl | 71112000/ 11650 10620 9770 8960| 8160/ 6540
4= (Round Euds |77 77112179 10750| 6530| 8490( T530( 6670 585! 5230
! 1.48 1.95 s.ul 2.91 3.40 3.88 4.37 4.85
" |
7' Light Fixed Y (. rsm':mum’m! 0680 §O60 £330, 7900
v = geas |[Flat Ends. . 17777713430 12970 11310/ 10430 9680| 6960 8820 TR
) P i 1 ./ 12900 11650 10620 80 BSTI 880 7370, 67RO
rimair Bads ...).2000 12170 1075 9590 8%70) 7430 (580 5810 5160
1.3i 1.78 a.ani 2.64 "“i 3.52 3.06 4.40
sl ] -
0" He'vy Fixed Ends. ... 14380 12600 11670 10770 mu! 8110 830} 800, 7410
r—g.30 |Flnt End. .2 14380/ 12000 11670 10770, 0620( 9110/ 8370| 7830] 7830
D o-n  (Hinged Ends . 13040 12320 11010 10040| 9140, 8250| 7430| 6720! 6100
0= g.g  |Round Euds ... [13380 11520 10020 8820| 7720 6760 Bx80| 5100] 4440
1.11‘ 1.70’ 2.27 2.84 3.41 3.08 4.54 5.11 5.68
L
(' ’Light {Fixed Ends_... 1424012000 11580/10600 o780| 8880 8180 7va0| 240
re=g.gy (Fint Ends,..... 14240 12000 11580 10600) 9760] B=sD 8170] 7680 7050
D sa [Hinged Ends. .. 1370 12520 10010 0050/ 80/ 8000/ 7170] 6530 5860
4= 3.5 |lound Ends .. .|13160/11520 ‘9900 S710| 7530 6400 5400/ 4800 4910
.90} 1.35 1.80 2 t.n] 8.15:I 3.60 4.05! 4.50
Fixed Ends ... 1370012140 10850 0810 8800 8000 5500 6990, 6490
Flat Ends.. .. 118700/ 12140 10860/ US40 BR0O| S070] 7450 6720/ 6070
Hinged hndn...ilmmsm 10E3 90500 710, TO40, 5500/ 4560
ol Eusdls .. 119500'1 | 5350
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1
No. 13.
LATTICED CHANNEL STRUTS.
GREATEST SBAFE LOAD IN LBS. PER SQUARE INCIH OF SECTION,
USING FACTORS OF SAFETY GIVEN IN PREVIOUS TABLES,
The cl I8 must be 1 80 as to
insure unity of action and separated not
less than the distances 2 or o respectively,
L ven In fnches In the margival columns, )
igures in heavy type nnder each length il
represent the greatest distances apart in
feet on each chunnel that centres of lateral
bracing should be placed,
L FeeT. |
ENGTH 1% FEET [ i
oF orF
aslsoae | 36 | 38 Expe. iCmm
e
L i
0000, 570! 5130 Fixed Ends.... 8" 'He'vy
5650] 6980, 4880 Flat Ends | | ¢y
440 'ﬂ“l! 300 Hinged Ends, .. D =11
2540|2470 160 Ronnd Ends ... | g 4.8
7.89) 8,35 8.82 .
6150 5800/ 5510 Fixed Ends. ... |8' "Light.
BY00| B340) 4680 Flat Ends. .
4480 4120) 9730 Hinged End
2670 wu‘ 2290 Round Ends . .. |
6.60 O.Wi 7.38| I
5310| 4050| 4570 Fixed Ends .. |7 Hewy
4730] 4900 8020 Flat Ends...... ——
B40| 3010, 2040 Hinged Ends, . .| D= &2
240 1780) 1680 Round Ends ... s = .9
8.25| 8.73 0.22
{
5190] 4820 4450 Fixed Ende....| 7' Light.
4590 4170 3790, Fiant Ends. ... .84
8310( 2800 2520 Hinged Ends.” | 1 _ o)
1940, 1660, 1460 Round Ends ., .| "3 = 4-2
03 'l'.i'fi 7.01 8,35
4450/ 4060, 5730 Fixed Ends... |6 He'vy
2300/ 8400/ 3100{Flat Ends.. ... ¥ —2:08
200! 2520 2180 1900 Hinged Ends, ,. =54
16000 1460, 1200| 1100 Round Ends ... " = 3.3
9.09) 9.66 m.ui 79‘
4510 41?111 4890 8460, Fixed Ends....| 6" Light.
8900, 3500| 3190, 2870 Flal BEuds. ... .| ;= g.a97
| 2080) 2250| 2090; 1770 Hinged Ends... ) n _ sy
15%) 1810 11501 080 Round Ends , .| 5 — 3.3
s.mi 5.85 6,30 ?.mi 7.65 8.10 s.ul |
5430 4910, 4410 3930 35501 3150| 218, 200 Fixed Ends .. |5’ Ths ;
4880 4260, 3700 2280 260 ‘-‘R‘rilll 2560 2140 Flat Ends, 9
2070, SO W0 1820 1570/ 130 1180 Hinged Ends . “|- Tighe |
| 1710( 1440] 1190 1010 880 760 670 Ronnd Bng" ™| ¢ i
| 7.54 8.12) B.70 9.91 9.8610.44 11.02 e
| ' | ' '
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No. 14.
LATTICED CHANNEL STRUTS.

GREATEST BAFE LOAD IN LBS. PER SQUARE INCH OF SECTION,
USING FACTORS OF SAFETY GIVEN IN FREVIOUS TABLES. .

For a pair of braced channels or for a l!in%fﬂ channel secured from
flexure in the lllmglou;;r the flanges aud liable 1o fail only in the

dlrl.-ctinn of the B
r in the marginal columns gives the radins of jon for axis
A= B, or for citber axis of the combined palr of nels, See de-
n, page 121 :
D
| LexaTy 1x Feer,
Size Coxmition
oF or
EL Exps. 2| 4|6 |8 |10]12 | 4|16 |18
5" | ‘
Fixed Ends....|..... 18570/ 12010/10770| 9680 8650, SN | 6830
Light ..., \Fiat Ends, ... 1201010770, 96%| 8350 | 8550
=158 Hinged Ends., 18050/11380 10040 8370] 77500 091 | 5340
D=4 |Round Ends.... g 104401 T430 a1
g==22 1.43 .39 2.87 431
4!!
Fixed Ends,, TR10 5840
VPV .|Flat Ends. . T80 B8R0
) Hinged Bnds, | 50 4160
D =40 Round Ends... BB 2550
T 3.88 5.81
4 L
Fixed Ends..,.[.... 7810 5800
Light ... |Plat Ends. ... T80 6000 B340
) Hinged Ends, B650, 568 4120
D =3¢ |Round Ends,., | T 6130 WI: 40530, 2510
ESsae 12!10?!5031381’4&. 480 5.62

X}
3 Fixed Ends.... m' 0 gﬁ 5500, 3960
mrn: “'rn 5080 4130 3310

Fiat Ens, ,
=118 | Hingwl Ends mr 3840, 2850 2110
]2--: : A m 1640, 1210

Htmmm smnﬁmm'mmnlgm 240
|Hinged & 2580 1840/ 1310| 1000
D=2¢ |Round Euds. . |mmmasm mu 1350 1030, 740 580
3 101 2.02 3.03 4.05 5.03 6.07 ru'slblo.u

|

oo |12780] 9000, TGS0 m:‘ 49100 8600\ 27100 1980, 1580
vo0 [12780] 9600 7580 37890 -t&ll‘l1 sumr 23001 1760| 1300
.. |12100] 8780 B410| 4580| 2070/ :m, IMII w0 710
'wmrﬂnmnl 1000 7401 550/ 400
1“] 2.52 3.35 ilﬁ 5.08 i.ﬂl 6.70 7.54
|

e
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TABLE OF STRUTS.

No. 14

LATTICED CHANNEL STRUTS,

The channels must be connanted so us to

insare unity of action and separated not
less than the distances 2 or d respectively,

ven in inches in the ma

lgures in beavy type under each length
represent the
feet on each channel that ceatres of lateral

greatest o

P

istances

nal colnmus,

art in
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GREATEST BAFE LOAD IN LBS. PER SQUARE INCII OF SECTION,
USING FACTORS OF SAFETY GIVEN IN PREVIOUS TABLES,

Lesern v Feer.
CoXpITION Size
| or oP
sozasl‘mmaoum Bnu.qc‘nm
e e o i e e L e g |
| | 5"
6310| 5800 5270 4740| 4210) 3790( 3370, 2070 40| Fixed Ends....| ©
BES)| 50 4680 4000 60| 2800, 2500 250! Flat Ends. ... .. Light,
4670| 4120, 3410 2500 1710 1450 1200/ Hinged Enda..l| r=1°%
2050{ 2510 2010( 1620 18%0f 1130] 9500 82| 720 Round Bnds, .| D= 43
\ 4.78 5.26 5.74| 6.22 8.70| 7.18| 7.96 B,14| 8.61 i=138
| ’ "
5100, 4570| 8000 3460/ 2070| 2500 2340 1920| 1740 Fixed Ends.... 4
4500) 3920, 8310| 2870 2500 1950 1700| 1400 Flat Ends.,....| Heavy.
310| 2640/ 2110( 1770] 1450 1280| 1070/ 910/ 800/ Hinged Endi...| r= 1738
1940| 1890] 1210] 080 220 010 530/ 450 Round Ends,...| D w48
6.468) 7.10) 7.75 s.an| 0.04 §.68/10.3210.97 11.61 d=1-0
n
5150/ 4400 5080| 3400, 2040 2900| 1900/ 1700 Fixed Ends.... 4
4540 8530 3980/ 2890 24801 2y70| 1920 1680 1440 Flat Ends.....  Lj
8200/ 2560, 2080/ 1730 1430/ 1210| 1050] 00| TR Hinged Ends,..| 1= 1°%
1900 1450, 1190 960{ 810 690 600 50 Round D=3
un[ 8.88 7.48| 8.11) 8.73| 0.35 s.w-m.w_u.ul e=3-4
e
m) 2230 1610/ 1390 11 :mn[ 900 Pixed Ends.. .| O
030 2980 1§0] 1620 Imi' 1 80| 7 \Flat Euds .. ...
16501 1280|1060 870 30, 530| 440 370 Hinged Ends...| r=1-18
o) M0 610] %00] 410 26 200 Round Ends .| D =31
7.94 8.33 8.72 0.12 0.5111.9012.20/12_60(13. I 4= 1-1
n
.* 1600, 1880| 11000 w0 T70|., fixed Ende.... 2'}
1430{ 1060 o0l 60| 450(] [Pt Bnds. .
T 610 400 8% 200 Hinged Ends X
43| 340|200 210/ 170 tound Ends..
| in.12] .un.uu.n’-n.nr R PR [t s
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TABLES OF STRUTS.

15.

PENCOYD CHANNELS AS STRUTS,

GREATEST SAFE LOADS IN LBS. PER 8Q, INCH OF SECTION, WHEN THE
STRUTS ARE FREE TO BEND AT RIGHT ANGLES TO THE WEB OR IN
THE WEAKEST DIRECTION, UBING FACTORS OF BAFETY GIVEN IN

PREVIOUS TABLLES,

LexaT™n 1x FEeT.
Bize Coxpitiox |
Cm?t;m. Exos | | |
3 120 4 usllollz 18
|___|_._m o e
15'" |Fixed Ends. l 11580, 9680, sm! 0| mw' 3790
Flat Ends 11550, 9680, 8170, 7080 BU30| 3160
Hinged Ends B mumi BH70( T170| 5S00| 4320)
r= 1413 |Round Ends. .. | /13160 9900 7430, 5490 4210] 8100 1130
19! |Fixed Ends... J_tsa?o 10690 8580( 7320/ 0220/ 5110 2520
= |Flat Ends.. . ..|13570/10690 7210|5790 4400 2160
Heavy.. .. Hinged Ends. .. 13050 9950/ 7670 msn| 4550 8210 1200
=¥ Round Ends.. .. 12330 8710 6130 4320 \ 1800 680
|
l' 12'" |¥ised Ends.... 12380 0590 7630 usuu" 4010| 3000 1380
. = [Flat Ends.. . /12780| 9500 75%0| 5i00 4260 3040 1300
| Light... .. | Hinged Ku(h- 212190/ 8780 B410] 4580| 2070, 1910 710
| 514 [Round --. 11360, 7330 4rm‘ ml mol 1070 400
] | .
10" |Fixed Ends. . 13180/10250 S140| 6910 5670 4330 2020
[Flat Ends.... . 13160 10260, 8120 6600| 5180, 3870 1790
, Heavy.. ... Hinged Ends_ -umm 8300, T100| 5390/ 3050 2600 70
| £ = "5t Round Ends.. .. 11840 8150 5420 3700] 2390 1500 560
| |
10" [Fixed Ends....112400| 9190| 7320 58i0| 4410| 8220 1360
f Flat Ends.. . ... [12400) 9190| 7210 5380) 8750, 2060 1040
| Light. .. Hinged Ends. . 11780| 8330 5180 4160, 2480| 1610 00| 600
Ii v .d'.uumlﬂndn....ilm 6950 4320 w-u\ 1440 340
Q" [Fixed Enas 5750 1690 1320
. R 1430, 1000
Buv;.... 500
o 430, 320
"\
‘,S;;e‘d Ends....| 40
Fnds. L. 600
. 390
210
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No. 15.

PENCOYD CHANNELS AS STRUTS.

r in warginal columns i= the radivs of gyration tuken around axis A4 B,
When sirut i& hinged the pins are snpj)m:-ed to le In the direction 4 H.
\Ivlhrn hllllc pins are in the direction ¢' 0, conslder the etrut flat ended by
this table.

Lexoeru 1% FEet. |

CoxmrioN Size
- - oF or
o mla'& w | Exps. lcnum
1

1

1560| 1 13001 1000/ 970 840 Fixed Ends.... ]5"
1520) 12200 9801 800/ 640| 50O\ Klat Ends, .. ..

BX0| 680 58O\ 490 4100 330 Hinged Ends, ..
460, 870, 320 m‘ 220 1900 Honnd Ends ., | £ 1°13

o |Fixed Ends,,..

o iin Ends...| Heavy.
K ltoullg:i!dliuda.... A "y"’

Fixed Ends. ... 12"
Flat Ends, . ....
...|Hinged Euds. ..
..|Round Ends....

| r=" -1

.. |Fixed Ends.... r
Fl:linds. 10

. t assies
Hingwi Ends...| Heavy,
l Hlmﬂlﬂl....l Lt ‘?‘.

Fixed Ends. | "
vre o Flat Endx, .. 10

{ .....|mngu1 Ends...
evees | Round Ende.




152 TABLES OF STRUTS.

No. 18.

PENCOYD CHANN

ELS AS STRUTS.

GREATEST SAFE LOAD IN LBS. PER 8Q. INCH OF SECTION WHEN THE
STRUTS ARE FREE TO BEND AT RIGHT ANGLES TO THE WEB OR
IN THE WEAKEST DIRECTION, USING FACTORS OF SAFETY GIVEN

IN PREVIOUS TABLES,

Lexetu ™ Frer,

Size Coxpirion
or oF
CHANNEL, Exvs, 2 | 4 10 18
8’ |Fized Ends.... 12530 4610/ 1450
Flat Ends. ... .. {12520 3960/ 1150
Heavy. .. Illnged Ends. .. 11920 $51 26550) 650
+ = %3i"" | Round Ends . .. /11060 1550 300
8” Fixed Ends,...[11760 3500 089
Flat Ends.. .. .. 11'-“60| 2000 650
t.... Hinged Ends, ., [11110 1800) 1147 420
¥5= - | tound Eods . .. 10140 1000 0
7" Fixed Ends....|12140 1%0
Flat Ends. ... .. 12140 8880 j £60
Heavy.... Iiiuged Ends. .. 11510/ 20 133 530
oS- ves nd Ends... . .| 10600, 280
' |Fixed Ends.... llﬂ'.‘ﬂl K280 000
Flat Ends. ... . [ 11670, 2730 Bt
Light.. ... |Hinged Ends. .. 11010 1650 &0
r b Round Ends .. Tt {20 200
4210 10
| 3540 950
| 2280/ 5i0
e 2390 1330 310
B80| 8250/ 2169
4060 2060, 1200
L2470 1180[ 080
453)| 3060 820
350 2550 480
2 200, 1510 3%
nmi 18
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No. 16.

PENCOYD CHANNELS AS STRUTS.

#, in marginal colnmns, is the rading of gyration taken around axis 4 B,
When strut is hin{:ed the ping are sapposed to le In the direction A4 B.
wl?lan the pios are in the direction ' P, consider the strut flat ended by this
table.

Lexaru 1x Frer.

Stz CoxpiTion
or aF
Cuaxxen|  Exps. 2 [4]|8|8fw ‘ 12 M
s B Sal 1SN B Res] e e
5!’ (Fixed Ends.... 10000 7190 5000, 300, 160 1200, &0
Flat Ends. 0 10600 020| 4350 2000 1650 970,
| 1580, &%) 531

Light ... Hinged Ends___| 8860 5800/ 8060 | 360/
r="4"" Round Ends ...| 8600 4150| 1760, 860, 510/ 320 200,....

4“ (Fixed Ends ... 11040 7080| 5630 5760 2410/ 16301 1130

|Flat Ends, ... .. 111040 §640| 5130| 8180} 2070| 1350/ 830
Heavy,... (Hinged Ends. .. 10330 6470 3900| 170 1140 510
r="ts0 %0
|

Round Ends .. .| 9170 qssn‘ 230 IHIJ} 50

4" Fixed Ends....[10860) 7500 5300 3500 2180 1040

(Flat Ends ... 10860( 7450, 4530, 2000/ 1910 720

Light ... Hinged Ends. .. 10130| 6230/ 3550, 1800, 1040| 450

et ]Rmmdl:uds.._ BE30, 4500, mu‘ llmi (31 240
|

g \Fixed Ends.... 10680, 7320/ 5110, 3220/ J w0

| ; { 2000/ 1 610

e 1610|
o= -a0 Ronud Ends ...| S5710| 4320/ 1860 900|

1t |Fixed Ends. ... 10240 0990| 4600 2800) 1730
21" [Pint Ende. 10840 6720 4040| 2380/ 1450
Hinged Ends. .| 9590| 5500 2760 1850 790
e= 4 Round Ends .. .| 8260| 38700 1500] 760 440

sE88 B8

91 |Fixed Ends,...| 8650, 5190 2300) 1300 810| ... coafeecsafiias
- Wiat Ends. . ... &'..-.:_r[ 4500( 2210 48

Hinged Ends, .| 7750} 3310) 1350
Round Ends .. .| 6220 1 w00
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WROUGHT IRON COLUMNS OR PILLARS OF ROUND
AND SQUARE CROSS SECTION.

Experiments on columns of this class are not very complete,
especinlly as denoting the comparative values for the various end
conditions. The following tables, Nos. 17 and 18, are derived
partly from experiment on actual columns, extended and com-
pleted by comparison with the experiments on rolled struts
from which all our previous tablesof strut resistances are derived,

Table No, 2 is taken as the basis for the working values. On
account of the more perfect symmetry of form possessed by round
and square sections than the shapes for which table No. 2 was
especially caleulated, the safe loads per square inch of section
are increased ten (10) per cent. for round columns, and five (5}
per cent, for square columns. That is, the factors of safety pre-
viously given remaining the same, the ultimate strength is sup-
posed to be 10 and 5 per cent. respectively greater than the
rolled struts

The tables are calculated for certain thicknesses of iron vary--
ing from " for 2" diameter up to § for 12" diameter, as
marked in the margins. At the same place R represents
the radius of gyration for the diameter and thickness given.
When the thickness varies but a little from that given, the
strength per square inch of section can be accepted as practically
unchanged. But when the variation becomes of importance,
the radius of gyration corresponding to the altered thickness
will have to be obtained, and the strength of the column then
ascertained from table No. 2, as heretofore described.

The following table gives the values of the radius of gyration
for round and square columns from 2 to 12 inches diameter, and
from 4 of an inch to 1 inch thick.

Example for Round Column :

What is the greatest safe load for a flat-ended round column
6 inches outer diameter, 4"’ thick, 8.64 sq. in. area, and 18 feet

Jorg, v=1.05 i —111. By {able No. 2 the corresponding

safe load = 0780 lbs. + 10 per eent. = 7460 Ibs. per sq. inch of
section, or 04,440 1bs, for the column.,

For a square column add 5 per cent. to table No. 2, instead of
10 per cent. as above,
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156 TABLES OF STRUTS.
No. 17.
ROUND COLUMNS,
GREATEST SBAFE LOADS IN LBS, PER 8Q. IN. OF SECTION,

By this table for the same ratios of :~_ the eafe loads are Increased 10 per
cent, over the results obtained for previous tables, as given in table No. 2.

Lexarn ¥ Feer.

Size
OuUTER c“"::f‘”“
Diame- ENDS.
TRE, el4 |6 |8 |10]|12|14|10]18
19“ [ ] l
- Fixed % 14330 13350 12040, 12040111470
ter, Fial Ends. ..... 14330/ 15350/ mamlwm 11470
{7 thick. . Hinge s 4680/ 13700 12670, 12000|11250!10840
n=='-'u Round 12840, 11660 10850
10 Fixed Ends.... :m‘im'nmnnm 10640
oter, Nas,.....
Diamoeter. |[Flat End 13190| 12640/ 11040{11280{ 10640
4 thick,. Hinged Ends. .. 12510012000/ 11140{10450| 9750
R-_-:;ﬂ Round Ends....|.....|.....’ uuaoumtm[ 820, 800 8170
8 Fixed Ends... |.....|..... ‘14-"0 13490112440/ 11570110580 9a40] 9200
Diameter. [Flat Ends. ... |.....|, ... 14770 1349012440 11570 10730| 9040] 9200
4’ thick . Hinged Ends.. |..... . .. 1901981011 1680 10740] w0l 8170
R_=:;H Round Ends,...|..... 1 11820/ 10480, - 5330 T30, 6460
6 Fixed Ends.... 15220 13490/12140/11000] 9640 8440/
Diameter. Flat eeean s amn o {15220 13490/ 12140 11000| 9940] 8400/ 5
§ thick. . Hinged Ends, .. L {14680 12810 11360(10150] 8970, 7960 T110| 6310
R,-"';w Round Ends. , .. 1m|11&m|mm 8600, TR0 G220 .-mtw 4400
Bl Fixed Ends.... |, ...|14470 12540 11000 8840! RI50| 7460 6740
Diameter. Flut Ends. . ....|. ... |14470 12540 11090 | 8820 S060| T200( 60
17 thick , |Hinged Ends, .|, .| 13570 11790 10250, Rs80| 7660/ s'm| 3020|4220
R='l;u Round Ends., ., 19020 8720 'mo\ b‘m‘ uau 2150
4 Fixed Ends....|.....|18400 11570] 0040 8740 7860 elm 5400
Diameter. [Flat Ends.. ... |..... 13490 11570, 0940 K510
4 thick. . |Hinged Ends, .. |.....|12510 10740, 8970 7520 6310
B=:;= Round Ends....|..... 11820/ B&‘IJI T330| 5750
|
3 12140

Diametor, e ot ]
# thick, Hinged Euds. . /1468011360 8970| 7110/ 5560
—1-00 Round Ends.. .. 13940 10080 7330, 5310/ 8780

" {

2" |Fixed Ends....|1390| 0650 780 6140 4510
Diameter, Flat Ends, 7 13490, 0850 7500, 5380 8770
¥ ik Hinged Ends... [12810) 8880 6240

Round Ends., ., 11




TABLES OF STRUTS.

No. 17.

ROUND COLUMNS.

157

GREATEST SAFE LOADS IN LBS, PER 8Q. IN. OF SECTION.

The caleulntions are based on the thicknesses and radil of gyration marked
ander the dinmeters on marginal columne,  See deseription.

Lexara 1§ FEgT.
Size
' Cuxg;rmx OuTER
Bave Diame-
2 | 22 | o4 0 | 2 1 o l 36 TR
| | . lgn
10610, 10970 £8640] B340 ReB0| 7700 Fixed Ends,... -
10010, 10570, BH10| B0 7900, 750 Flat Ends. ... eter,
J0050] D60 00| 6050 6370) 6180 Hinged knds.. .| §7 thick.
| BA00| 7850 5610 5150 4750( 4370 Round Ends....| R=3'#
| | r
10020] (430 s010| T600| 72800 6040 Fixed Ende.... 10
10020 (430 7520( 52000 6830) G4u0| Flut Ends, ..., Diameter,
9070, B30 6380 6990 5510 B120|Hinged Ends, .. 4 thick,
T480| 6740 4560| 4180| 8790/ 8350 Hound Ends...._ﬁi:l'-ﬂ
l |
840 { 610 6190) 5700 B400 Fixed Ends..
B710] B2b0 6110 5640 5140 4080 Flat Ends, ..
TH20| 6000 200 - e0 Hinged Evd
550/ 0, | 1880 Round Ends..
7890/ G740, 3900/ Fixed Ends....|
6850, 6250 | 280 Flat Ends. . ... Dismeter,
5500 4920 | 1630 Hinged Ende. .| 3 thick.
s:wi 3100, 610 Round Ends.,.. R=32"%0
"
6100, B440| 4760 mmlmud I—:ndu...._! 5
| 47300 4020 1670/ Fiat Euds, ... Dismeter,
4100, 8310 1000 Hinged Ends. .| § thick
1500 580 Round Ends....| R=1"%
"
1200/ Fixed Ends, ... 4
) 5210| 27901 1010/ It Ends... ... Diameter,
0] 2000 610/ Hinged Ends. . .| §7 thick.
1440] 1110 330{Round Ends....| R= 1'%
i
2100 ..|Fixed Ends.... 3
1000, 810 L [Fat Eade.. . Diameter,
| BI0| 60 B60 460y SO BN, .... in nds, . | Frrth
‘ 80 I Hound Ende.... ';‘i= liﬁ.
L | ' g
. 810 - ovree| oo [Fixed Ends.... 2'
! T TR | at Enda..._..
3 wer X . mng%d Ends. .. leﬂfh'.f'
24 i . = 68




Dy this table for the sanf® ratios of %,

TABLES OF STRUTS.

No. 18.

SQUARE COLUMNS.
GREATEST SAFE LOAD IN LBS. PER SQUARE INCH OF SECTION.

cent, over the results oblained in table No, 2.

the safe loads ure Increased 5 per

Lexarn 1x Frer,

Bz CoxNprrioN
oF oF
Qocuy. | Exve. el ale|s|0|n|lule ’ 18
9" |Fixed Ends.... 13540 wsaol BIB0| 6760 510 3090 mm| 1790
Fiat Ends. . .... 18540 10830 8120 6320 4750 2020/ 1510
i;ﬂlll:k Hinged End.q 1112910 9500 6820| 5060, 3420 1100, 830
« %1 Round Ende.. .. 12100 amo 5210| 3360 2000 30| 450
8'" |Fixed Ends.... 14950 12160 1 8600| THO0 5830/ 4920 4080
Flat Ends, . ... 14950 1216 10330, 8080, 7570 B2K0| 4240/ 3410
# thick/Hinged Ends. .. 14480 11460, 9500 7660, 6280 8080, 2000/ 2160
- 1-18 [Round Ends,, ., 13810 wwu 8010| 6020|4540 2380( 1680/ 1240
4" |Fixed Ends....|..... 113540 11600/10330| 9010/ 8130 a720| 6040
Flat Ends., -+ .| 13540{11690] 10330| 9010 0220/ 5540
! thick. . Hinged Eudu. .. 1294010040 H050 5010, 4260
= 1:33" | Round Ends.,..|..enr, 12100, 9750| 8010| 6440 3310, 2590
5" fmmmm ) o
" thick. . mo]mm mi 5660
- 109 M) m
i 8690 8160
8680/ 8120
’’ thick. . [Hinged Ends, ., |..... 10!50 8480 THGD 6920
= 230 |Round Ends. .- | ... 13830 12100{10390| 9150 8010| 10| 6020| 5210
8" mml nmh ..... 14670 1 0050
7 FE S 14670 1 950
* thick, . lilnsecl nncta ...... 8750
_—!'ﬂ | Round Ends, , 0f 7180
10" [Fixed Enr.lu dalissualiasitsatn
i thick. ]
»
192’" |Fixed Ends....|.. l 14050/ 14250/ 134201 12750 1214011502
.....[14m.14m1mw'1mo1um
gm. e Inged || 4450 13700 |
- 4 o
iy

oo

11130, 1om|
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TABLES OF STRUTS.

No. 18,
SQUARE COLUMNS,
GREATEST SAFE LOAD IN LBS. PER SQUARE INCH OF SECTION.

The calenlations are based on the thicknesses and gﬁm‘.
marked under the dinmeters in margingl columns, See ;r;lrﬁ::'ud'i:g <o

tion,
Lexarn ¥ Feet.
CoxmrioN Bize
or oF
| mmsu|mssmig‘u’u Exps CoLuay.
1120 gs0{ 760...... I | Fi
I s bt ! ﬁi.ffﬁgf&':d‘,_, 2"
20| inged Eods "t
200 1M..... 1 I llm‘ffd Euds., ﬁ—hj*i
| 2770 20| 1910 1660| 1430! 1210 mmJ ln , "
a0 00 1070 139 1000 lﬁan. w Wﬁﬁ:::: ‘3
70 Si0f 0| 90| S0 i Ewne, ok ey
| | L R
4670 a540| saxdy #230) 1960 1770 Fixed Ends....| 4"
3080( 8410| M| 2560 1980| 1790( 1500 Flat Ends . ..
2650 2160| 1800 1260/ 1080 930 H10{Hinged Ends.. ﬂ‘ thick.
1680) 1240|1000 10| 630 450/ Round Ends... - 1rh3
8190| bsso| Bogo 4000| 3570| 8150| 2790/ Fixed Ends.. 5"
5650|4070 4340/ 2970| 2660| 2370/ Flat Ends.
2000 2120/ 1820 1640] mnlnmned Ends. . Euuek.
2080 2140{ 1720 1440 1210 10101 8i0] 760/ Round Ends., - LrER
7210{ 6780 6310 5830| 5410{ 4920 4500 4080 Fixed Ends‘... 6"
5840/ 470! 4240 3800| 8410 Flat Ends,
56101 06| 4570 380 340 ! 2480 2160 Hinged Ends. .. K'm:k.
2570/ 23%0( 2000 140 Im‘ﬂmnd% -3
p010| &850, 8160 TR0| 7470| 7150 6760| B390( BOM0|Fixed Ends.. 8"
| 8010{ 8530! 8120) 7760/ T250| 6750 6320 5G80| 5540 Flnt Ends. ...
8050|7450/ 6020| 6470 5480| 5060|4660 mn Hinwed Ende, gthiek.
rh' 6430) 5000, 5210] 4730 3780) 3360| 2060 2500 Ronnd Ends,, - 3007
10330 mo! 0320( 8700 8200/ 7020) T840/ 7840 Fixed Ends 10"
10330 4820/ A320( 8790 8170 7870/ 7E00| 7060!Flat Ends, ...
§ ax0| 840 8400| 7R00! T390 6500| 6320( 57RO Hlmzod Ends. . E"th.ick.
8010{ 7390 6810 ulmt 5620| 5280( 4860 4480) 4060 Round Ends.. =38
| Wil
t 11130{ 10680 10250 nal, 2020/ 8B40 ssan!'_.aun'rl:ed Ends 19"
maolmnm m m 8020/ §630 8320/ 8060 Flat Ends. .....
1 7 7186| 6860 Hinged Ends...| ¥ thick.
amt "'Dl m| i ml u:m'laound Ends., .| R = 488
J 4




160 WROUGHT IRON "AND STEEL.

RIVETS AND PINS,

Rivets must be proportioned with sufficient bearing surface ta
resist erushing, and sufficient sectional arca to resist shearing.
Pins must be proportioned likewise, and also to safely resist the
bending action which usually exists, owing to the centres of
pressure being some distance from the centres of supports. 7

The effective bearing area ol a rivet or pin is equal to its di-
ameter multiplied by the thickness of the surface it bears on.

The shearing area is the area of the cross section of the pin or
rivet for single shear, or double that seetion for double shear.
For pins, the pressure on the pins multiplied by the leverage
with which it acts on thepin supports is the bending moment.
(See bending momet ge 78.)

imate strength of wronght iron is taken as
equal to sile sngth, viz., 50,000 lbs, per square inch,
the shearing strength at T5>af  soomelKiz., 40,000 1bs. —111.!?
square inch. The ultimate modulus of ruplere is taken at
50,000, which is a fair estimate for cylindrical sections, as the
average of many experiments we have made oh that shape gives
nearly that amount. The annexed table gives the ultimate
resistance for single shear, or the area of the pin multiplied by
40,000, and the ultimate resistance to crushing, for each inch in
thickness of bearing surface, or the dinmeter of the pin multi-
plied by 50,000.

The ultimate bending moments in inch Ibs. correspond to the
given diameter of pins, and are derived from the formula

50,0007

— radius ’

which ean be reduced to this form,

M = 6250 = area x dianmeter, all in inches,

To obtain the working resistances, these ultimate values must
be divided by the factor of safety desirable to use.

The following proportions of the ultimate strength are com:
monly used for the purposes named.




RIVETS AND PINS. 161
For R. R. bridges, } of ultimate strength.
For light highway bridges, Lof- - i
For roof trusses, ete., Lot & £

FBrample.—A pin has its supports located three inches apart,
and bears a load of 100,000 Ibs, in the middle. What should
the diameter of the pin be for a safety factor of five ?

100,000 1bs, x 3"
4

The nearest diameter corresponding to this and taking | of
the tabular moments, is 4} inches,

The bearing value of this pin is (! of table) 42,500 lbs. per
inch of length, consequently the thickness of the metal which
forms the pin bearings should be 1/49", or not less than 2.8
inches. For shear the pin has a large excess of strength, which
will usually be found the case if properly proportioned other-
wise,

~ Bending moment = = 75,000 inch lbs,

11
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WROUGHT IRON AND STEEL.

ULTIMATE STRENGTH OF RIVETS AND PINS OF
WROUGHT IRON.

For the working strength divide tb:arubuhr fignres by the desired factor of

ely.
DiAMETER Ui El'ﬂn"
| LTIMATE CRUSHING Ut
IN INCuEs %:::;: it o | BYReRomE =i BT
OF RIVET SINGLE BHEAR [INCH THICKNESS| MENT IN
INCuEs,
OR PIN, LBS, o BeamiNg | Iscu Les.
Bunrace,
1 106 T840 25000 614
Vi 248 a0 28125 873
A07 12280 81250 1199
& 471 14540 335 1505
442 17680 37500 2073
018 20720 40625 2632
1 601 24040 43750 287
1 inch. T 31400 50000 4006
X K. BYTH0 56250 6993
] 1.29%7 40680 02500 U5BG
.1 1.455 5400 G750 12962
* 1 1.767 70680 0000 16506
5N 2,074 B60 BI250 2065
g 2,405 DG200 87500 26305
2,761 110440 93750 3357
2 Inches, 3141 125660 100000 30203
1 a.547 141880 106250 47109
X 4,976 150040 112500 55013
» 4.430 177200 118750 65757
ﬁ 4,908 196320 125000 THO8S
5.412 216480 131200
X 5.040 237600 137500 102004
- 6402 250680 143750 116535
3 inches 7.068 283720 150000 132426
.1 7.670 306800 156250 14u604
§ 8.206 331840 162500 168514
8.946 57840 168750 188705
.1 9.621 384830 175000
L 10.321 412840 151250 233835
N 11.045 441800 187500 258909
% 11.798 471720 148750 285613
4 inches, 12,566 502640 200000 214150
5 13,564 534504 L0650 344540
X 14.156 567440 212500 876816
X 15.083 601320 218750 411057
X 15,904 636160 225000 i
ﬁ 16,800 672000 231250
17.7%1 7 237500 AN
b3 18,665 746600 243750 5GSTO0
B inches, 19.635 TRHH00 250000 613600
» 20,629 825160 250900 600773
X 21.648 RE00A0 62500 T10326
X 22,601 907640 208750 TB2266
X 29.758 950820 LIB000 816667
5 M.850 G94000 281250 B362T
X 25,967 1088680 287000 933180
Aﬂ £7.109 1084360 205750 w10
6 25,274 1130060 00000 1060277




SHAFTING. 171

iron shaft to safely resist a force of 1,000 Ibs, acting through a
lever 80 inches long ?

2 /1000 % 30
_ﬁﬁxu‘* = 2.6 inches diameter, '

(e) d=

These formule apply to shafts subject to twisting strains
alone. In practice, however, suen cases seldom oceur, as shafts
are generally subjected to combined bending and twisting strains,
As there are no experimental data for such a combination of
forces, we have to rely on analysis, which gives the following:

=M+ Y5 T° @

M = bending moments in mch‘lbs (See page 78.)

T' = twisting i

T'" = a new twisting moment whlch, substituted for 7" in equa-
tions (¢) and (f), will give the desired proportions for
the shaft.

In revolving shafts the longitudinal stress resulting from the
bending action is continually changing from tension to com-
pression, and vice versa.

It is therefore advisable, for reasons given on page 84, to in-
crease the factor of safety as the bending stress increases com-
paratively to the torsional stress. _

The following changes in factors of safety are recommended :

RaTio o M 1O T Factor or Sarery. | Divisor 1¥ ForMuLa (e).

M = .87 cr less, 44 1760
o e 5 _ 1570
M=1T 2 53 1430
M = greater than 7, 6 1810




172 WROUGHT TRON AND STEEL.

Ezample 2.—What should be the diameter of the journals of
a wrought-iron shaft of a steam engine. The piston being 12
inches diam., crank 12 inches long, and the leverage from centre
of crank to journal in the direction of the shaft being 6 inches,
steam pressure 80 lbs. per sq. inch, making pressure on crank
= 9050 Ibs, ?

T = 9050 x 12 = 108600 inch-lbs,
M=9050 x 6= 54800
(9 7T'=054300 + ¥54300° + 108600° = 175720 inch-Ibs,

Substituting the above in equation (¢), with the factor of safety
as explained above,

d=3/175720

=Y S5 = 4.82 inches diameter,

The following illustrates a case where the bending moment is
greater than the twisting moment : .

Lzxample 3.—A non-continuous shaft is so located that it must
have its bearings 84 inches apart, and carry in the middle a 60-
inch pulley driven by a 12-inch belt, the effective weight at
centre of shaft =600 lbs., and the belt exercises a vertical pull
of 1000 1bs.  What is the proper diameter of the shaff ?

= 1000 3 000) x 04 _ oo Sash Thm, (soo. pacs T5):
I = 1000 x 80 = 80000 inch-lbs.

(g) 7= 88600 + 4/33600° + 50000* = 78640 inch-lbs.

As M is greater than 7, use a factor of safety of 6, which
becomes by equat._ion (e),

d=4/ 71__‘;"1‘;“ = 4.12 inches diam,

If above shaft was continuous and uniformly loaded, the
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SHAFTING. 173

bending moment would be less. (See Table of Bending Mo-
ments, page 80.)

HORSE POWER,

If it is desired to find the relations between horse power and
diameters of shafts, the elements of time and velocity have to be
considered. Taking the horse power IP at 396000 inch-lbs.

0,88 Ty 2
per minute, we have HP = ~— 396000 " where ¥ = revolu-
tions per minute,
63057 HP
) =",
or in terms of the diameter by equation (¢) we get,
3/86 HP

The above will give the proper diameter of a shaft for frans.
mitting any desired 7P when the shaft is subjected to twisting
stress alone, but, as previously stated, such a case seldom oceurs,
we must combine the bending and twisting stresses, for which a
general rule will be given at the close of the subject.

DEFLECTION OF SHAFTING.

For continuous line shafting used for transmitting power in
shops, factories, ete., it is considered good practice to limit the
deflection to a maximum of }y of an inch per foot of length.
The weight of bare shafting in lbs. = 2.6d% = W, or when as
fully loaded with pulleys as is customary in practice, and allow-
ing 40 1bs, per inch of width for the vertical pull of the belts,
experience shows the load in lbs. to be about 13d% = W.
Taking the modulus of transverse elasticity at 26,000,000 Ibs., we
can derive from the authoritative formula the following :

1= 1/878d" for bare shafts, 6)

1= 3/1764" for shafts carrying pulleys, ete., (%)
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174 WROUGHT TRON AND STEEL.

which would be the maximum distance in feet between bearings
for continuous shafting subjected to bending stress alone.

If the length is fixed, and we desire the dismeter of the shaft,
we have,

3 A
d= g lor bare shafting, U]

d= 4/ l% for shafting carrying pulleys, ete.  (m)

To apply the above to revolving shafting subjected to both
twisting and bending stress, it is necessary to combine equations
() and (k) with equation (z).

But in shafting, with the same transmission of power, the
torsional stress is inversely proportional to the velocity of rota-
tion, while the bending stress will not be reduced in the same
ratio. 1t is, therefore, impossible to write a formula covering
the whole problem and sufficiently simple for practical applica-
tion, but the following rules are correct within the range of
velocities usual in practice.

WORKING FORMULZE FOR CONTINUOUS SHAFTING.

For the diameter (d) in inches, and the maximum length () in
feet between bearings of wrought-iron shafting so proportioned
as to deflect not more than }; of an inch per foot of length,
allowance being made for the weakening effect of key seats,

d = i/ 0 {,IP for bare shafts, (n)

d= 1’/ E{){f i for shafts carrying pulleys, ete., (o)

1 = {/T20d for bare shafts, (»)
I = {/140 & for shafts carrying pulleys, ete., (@
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In the event of the whole power being received on & principal
shaft, the proper size of the shaft can be estimated direct by
formula (g).

Example 4.—A principal shaft receiving 150 HP from the
engine, revolves 150 R. P. M., and is continuous over bearings
located 6 feet apart, the centre of main pulley being 24 inches
from one bearing and 48 inches from the other. The effective
loa] at the centre of the pulley resulting from weight of pulley
and shaft, and tension of belt, is 1500 1bs, What should be the
diameter of the shaft ?

Note.—Excepting special cases which rarely occur in practice,
it is best to treat such shafts as non-continuous.

By rule 5, page 79, we have,

_ 1500 x 24 x 48 _ 5
MN=- —~—7l.—§-——-—34000in0h Ibs,

and by formula () we have,

__ 63000 x 150

=35 = 63000 inch-Ibs.,

T
then, by formula () we have

7"= 24000 + 424000° + 63000% = 92200 inch-lbs.

and by formula (),

! '|/92390 .
d= W=3'74 inches,

BELTING.

When designing shafting, allow for the tension of belting,
50 lbs, per inch of width for single leather belt or its equivalent,
or 80 Ibs. per inch of sidth for double leather belt, or its equi-
valent of other material,
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WORKING PROPORTIONS FOR CONTINUOUS
SHAFTING.

WROUGHT IRON AND STEEL.

TRANSMITTING POWER, BUT SUBJECT TO NO BENDING ACTION

EXCEPT 1T8 OWN WEIGHT.

| Revorutions rER MINUTE. Max, Dis-
Daserer | Max. Sare Ton- | TANCE IN
OF SHAFT IN| s10NAL MOMENT | 100 150 | 20 Feer
Incnes, |1x Incm-Pousps. | RETWEEN
[ [ PEARINGS.
=P HP | HP
| '
13 5940 6 f0. | Bag | s 7R
1 7562 9 13 17 12.4 :
1% 0482 11 16 b5 | 13.0
1% 11602 13 20 26 13.6
2 14080 16 24 22 14.2
24 16892 19 20 38 14.8
21 20048 23 34 46 15.4
2 28580 27 40 54 16.0
24 27500 31 47 63 | 16.5 '
23 36603 42 62 83 i/.6
3 47520 o4 81 108 18.6
3} 60417 69 103 137 19.7
8 75460 86 120 172 20.7
b 02812 105 158 211 21.6
4 112640 128 192 256 2.6
e e .
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WORKING PROPORTIONS FOR CONTINUOUS 1
SHAFTING,

TRANSMITTING POWER, AND SUBJECT TO BENDING ACTION OF
PULLEYS, BELTING, ETC.

RevoLuTioNs PER MINUTE. |Max. Dis-
Diamerer | Max, Sare Tor- TANCE IN
OF SHAPT IN| #1oNAL MOMESNT 100 I 150 200 FeeT

BETWE
| BEARINGS,

Ixcues, |1¥ Inon-Pouxps.
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TABLE OF CIRCLES.

Circnmferences or areas intermediate of those in the table, may be found
by simple arithmetical proportion. The diameters, ete., are in inches; but
it is plain that if the diameters are taken as feet, yards, etc., the other parts
will also be in those same measures,

Dias. | G | Anpa, Cm- | Ap Cir- | Amga,
(TMF. CUMF. CUMPF.
Ins. - 8q. Ixs. oy Bq. In i Sq. Ins
164 | 040087 00019 6.08084 | 2. 15,5116 19,147
182 | 098175 .00077| (2 6.28319 | 8.1416 15,7080 19.635
864 | 1472620 00173 6.47953 | 3.3410 15,9043 20.129
1-16 | J196350( 00307 6.67588 | 3.5466 16.1007| 20,625
882 | .2M524) 00690 6.87223 | 3.7583 16,2070 21,135
1§ | 802006 01227 7.06858 | 8.9761 16.4984| 21.648
582 | (400874 01017 7.26498 | 4.2000 16,6807, 22.166
816 | 58040 02761 7.46128 | 4.4301 16.8861| 22 601
7-32 | 637223 03738 7.65763 | 4.0604 17.0824, -23,221
14 | 7e5308| 04909 7.85308 | 4.9087 17.2788| 23,708
932 | 843573 .06213 8.05038 | 5.1572 17.4751| 24.301
5-16 | 981748 07670 8.24668 | 5.4118 17,6715/ 24.850
1152 |1.07902 | 08281 8.44308 | 5.6727 17.8678| 25.406
. 88 117810 | . 8.63038 | 5.0396 18,0642 25,967
18-38 {1.27627 | . 8.88573 | 6.2126 182605/ 26,535
7-16 |1.87445 | . 9.03208 | 6,4918 18.4560| 21.109
15-82 [1.47262 | . 0.22843 | B.7771 18.6532| 27.688
12 157080 | . 949478 | 7.0688 | 18,8406 28,274
17-32 |1.60807 | 22166 9.62113 | 7.8662 10,2493 20465
9-16 [1.56715 | 24850 9.81748 | 7.6099 [\ 19.6350| 30,680
10-52 1,86582 | 27688 10,0138 | 7.9798 20.0277| 81,019
58 1.06350 | .30680 10.2102 | 8.2058 20.4204| 33183
21-32 [2.06167 | 83824 10,4065 | 8.6179 20.8131| 34.472
11-16 [2.15084 | 87122 10,6020 | 8.9462 21,2068 35.785
2352 |9.25802 | 40674 10,7992 | 9.2806 | 21.5084| 37132
34 (235010 | 44170 10,9056 | 9.6211 21,9911 88485
9582 |2.45437 | 47987 11.1919 | 9.9678 209838 59,871
m.m|z.aasear,4 i 11,8883 10,321 29 7765| 41,982
27.32 265072 [ 550 11,5846 |10.680 93,1692 42.718
7.8 (274880 | . 117810 11,045 23.5610| 44,179
29-82 |2.84707 | . 11.773  [11.416 230548 45,664
15-16 [2.94524 | . 12.1787 11,708 24.3478| 47.173
8132 (3.04342 | 128700 12,177 24,7400, 48.707
1. 3.14150 | 78540 12,5664 [12.566 25.1327| 50.265
1-16 |8.39704 | 88664 127627 [12.962 95.5254| 51.840
18 |3.53420 | 99402 12.0501 13,364 25.0181| 53456
3-16 |3.73064 | 1.1075 | 13,1554 [13.772 26,3108 55,088
14 13,0269 | 1.2972 13.8518 14,186 96.7035] 56,745
5-16 |4.12334 | 1.3530 13,5481 [14.607 97.0002| 58,426
88 |4.31969 | 1,4849 13.7445 15,083 974880/ 60,182
7-16 |4.51604 | 1.6230 13,9408 15466 978816 61.862
12 |4.71239 | 1.7671 141872 [15.904 28,2748 63.617
9-16 |4.90874 | 1.0175 14,8385 |16.340 98,6670/ 65807
58 [5.10509 | 2.0739 14.5200 16800 20,0597 67,201
11-16 (5.80144 | 2.2365 14.7962 [17.957 20,4524 60,028
84 |5.40770 | 2.4053 4.0226 1772 208451 70,852
13-16 |5.60414 | 2 5802 16,1180 [18.190 30. 72,700
78 |5.80049 | 2.7012 15,3153 40,6305 74,062
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AREAS AND CIRCUMFERENCES OF CIRCLES.

TABLE OF CIRCLES—Continued.

Diax cucxmr Ismn: ]2;:;\'. cg::; AmnEa. || Diaw. 032"‘ AREA.
Ins, Tng. |SQ. INs.|| INs. by 8q. Ine.|| Ins. o Sgq. Ina
30 1-2 | 95,8186/ 780.62 (|37 3-8 | 117.417| 1007.1 ||44 14 | 139.015] 1587.9
58 | 96.2113 736.62 1-2 | 117.810| 114.5 88 | 139,408 1546.6
34 | 06,6040 742,64 5-8 | 118.202| 1111.8 1-2 | 189.80%| 1555.3
T8 | 06.9967| T48.60 84 | 118,598 1110.2 58 | 140.% 1564.0
31, 079804 754,07 T-8 | 118.088| 1124.7 84 | 140,586/ 1572.8
1-8 | 97.7821| 780,87 |38, 110.881| 11341 T8 | 140.970) 1581.6
14 | 98.1748| 766.69 1-8 | 110,778 1141.6 ||45. 141.872| 1500.4
3-8 | 98,5675 778,14 14 | 120.166) 1140.1 1-8 | 141.764| 1500.8
1-2 | 98.0602| 779.81 848 | 120,550 11566.6 1-4 | 142,157 1608.2
5-8 | 00,35%) 785,51 1-2 | 120.951| 1164.2 88 | 142,550 1617.0
34 | 99.7456) 791,73 5-8 | 121.844| 1171.7 1-2 | 142,042 1626.0
78 |100.188 | 797,98 8-4 | 121,737 1179.3 58 | 143.335 1634.9
32, 100,581 | 804,25 T8 | 122,120/ 1186.9 84 | 143.728| 1643.9
1-8 |100.924 | 810.54 |39, 122 529| 1194.0 T8 | 144.121| 1852.9
14 (101,316 | 816,86 1-8 | 122,015 1202.3 ||46. 144.518| 1661.9
88 [101.709 | 823,21 14 | 128.308| 1210.0 1-8 | 144,906| 1670.9
1-2 102,302 | 829,58 38 | 123.700| 1217.7 14 | 145.200] 1660.0
5-8 |102.494 | 885,07 1-2 | 124.008] 1225.4 3-8 | 145.601| 1680.1
34 1102.887 | B42.30 58 | 124.486 1233.2 1-2 | 146,084 1698.2
T8 (103,280 | B48,83 44 | 124,878 1241.0 5-8 | 146,477 1707.4
3. 109,673 | 855,30 T8 ]25,2'1'1! 1248.8 34 | 146,860 1716.5
1-8 |104.065 | 861,70 |/40. 125.664) 1256.0 T8 | 147.26% 1725.7
1-4 (104,458 | 868,31 1-8 | 126,056 1264.5 ||47. 147.656) 1734.9
3-8 |104.851 | 874.85 14 | 196.449) 1272.4 1-8 | 148,045 1744.2
12 (105.243 | 881.41 348 | 126.842 1280.3 14 | 148,440, 1753.5
58 [105.636 | BS8,00 1-2 ]2‘-".235] 1288 .2 3-8 | 148.843| 1762.7
34 (106,020 | 694,62 58 | 127.627] 1296.2 1-2 | 149.226) 1772.1
7-8 106,421 | 901,26 €4 | 128,020 1204.2 58 | 40,618 1781.4
M. 106,814 | 907,02 78 | 128.418) 1812.2 34 | 150,011| 1790.8
18 [107.207 | 914,61 |41. 128,805, 1820.3 -8 | 150.404| 1800.1
14 |107.600 | 921,32 1-8 | 129,198 1328.3 ||48. 150.796] 1800.6
38 (107.002 | 928,06 14 | 120.501| 1836.4 1-8 | 151.189) 181£.0
1-2 (108,885 | 934 .82 3-8 | 129, 1344.5 1-4 lb‘l.b&‘:‘f 1828.5
58 |108.778 | 41,61 1-2 | 180.876 1852.7 8-8 | 151.0%5 1887.0
34 [100.170 | 04842 58 i 1860.8+4| 1-2 | 152,867 1847.5
T8 |100.503 | 955,25 84 | 181.161) 1869.0 58 | 152.960| 1857.0
35. 109.956 | 962,11 T8 B5d| 1877.2 84 | 108.154| 1866.5
18 [110.348 | 960.00 ||42, 181,947 1885.4 T8 | 153,545 1876.1
14 (110,741 | 975,91 1-8 | 132,340| 1393.7 |49, 158,954 1885,7
35 |111.154 | 982,84 14 | 182,782| 1402.0 1-8 | 154.8311 1805.4
12 |111.527 | 989.80 38 | 133,125 1410.3 14 | 154,733 1905.0
58 (111.919 | 996,78 1-2 | 133.518| 1418.6 88 | 155,116, 1014.7
34 (112312 (100378 || 58 | 183.010| 14970 || 12 | 155.500( 19944
T8 (112,705 1010.8 84 | 184.503| 1435.4 58 | 150,002 1984.2
36. 113,007 1017.9 T8 | 134.606] 1443.8 34 | 156,204 1048.9
18 113,490 1025.0 43. 135.068| 1452.2 T8 | 156.687| 1958.7
1-4 |113.883 |1032.1 1-8 | 135.481| 1460.7 ||60, 157,080/ 1963.5
3-8 |114.275 (1089.2 14 | 185.874| 1469.1 1-8 | 167.472) 1973.8
12 [114.668 [1046.3 38 | 136.267| 1477.6 14 | I57.865) 1088.2
58 |115.061 1053.5 1-2 | 1896.A59| 1486.2 38 | 158.258| 1993.1
34 [115.454 [1060.7 58 | 137.062) 14M.7 1-2 | 158.650] 2008.0
78 [115.846 |1068.0 34 | 137.445( 1503.3 5-8 | 150.043) 2012.9
37, 110.239 1075.2 78 | 137.887| 15611.9 34 | 150 4496] 2022.8
18 |116.632 |1082.5 | 44, 188.230) 1520.5 T8 | 159,830 2032.8
14 |117.024 |1089.8 1-8 | 188.628| 1529.2 |61, 160,221 2428

0
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TABLE OF CIRCLES—Continued.

Cmt- | Apgy, || Diase. | CIR- EA. || Do, | Cin= | Apga,
QUMP. |80 [ns.|| Ins. | CUMP. |8g Ixs.|| Ins. | CUNP. ISq INe.
Ixs. Ine
160.614] 20528 ||58. 182 212] 2142.1 (|64 T-8 | 208.811| 3305.6
161.007( 20629 1-8 | 182,605 20658.5 (|65. 204.204| 2318.3
161,398 2073.0 14 | 1829498 2064.9 1-8 | 204.506) 3331.1
161,792 20831 3-8 | 183.390| 20676.4 14 | 204.980) 3344.9
162, 185| 2003.2 1-2 | 183.783| 2687.8 3-8 | 205,882 3350.7
162,577 2103.3 58 | 184.176) 20609.3 1-2 | 205.774| 3360.6
162,000/ 2118.5 34 | 184.569 2710.9 58 | 206.1i7| 33682.4
163.363| 2123.7 -8 | 184,961 2722.4 84 | 206,560) 3395.3
163,756| 2133.9 ||50, 185,554 2734.0 78 | 206.052] 3408.2
164, 1458) 2144.2 1-8 | 185.747 2745.6 | |66, 207.345| 3421.2
1064.541| 2154.5 14 | 186.180] 2057.2 1-8 | 207.708] 8434.2
164,954 2164.8 3-8 | 186,532 27688 14 | 208,181] 3447.2
lﬂﬁ.ml 2175.1 1-2 | 186,925 2780.5 3-8 | 208.523| 3460.2
165.719| 2185.4 58 | 187.817 2792.2 1-2 | 208.916| H473.2
166.112) 2105.8 || 84 | 187.710| 2803.9 58 | 200,300 3486.3
166.504) 2206,2 78 | 188.103 2815.7 8.4 | 209.701| 3499.4
166,897 2216.6 |(60. 188,406 2827 .4 T8 | 210.094] 8512.5
167.200| 2227.0 1-8 | 188.888 2539.2 |67, 210.4587| B525.7
167.683| 2337.5 14 | 189,241 2851.0 18 | 210.870) bH38.8
168,005, 2248.0 3-8 | 189 G74| 2862.9 14 511‘2‘?‘2[ 3502.0
168,468| 2258.5 1-2 L066] 2874.8 38 | 211.665) 3565.2
168, 861| 22601 58 | 100.458) 2386.6 12 | 212.058| 3578.5
169.258| 2279.6 34 | 1490.852| 2898.6 58 | 212.450| 3301.7
69, 646] 2200 2 78 | 191.244] 2910.5 34 | 212,843 3605.0
170.039( 2300.8 ||61. 191,637 20922.5 7-8 | 213.236 3618.3
170.431) 2311.5 1-8 L080| 2034.5 | (68, 213,628 3631.7
170.824| 2322.1 1-4 | 102.423| 2016.5 1-§ | 214.021) 3645.0
171.217] 2392.8 3-8 | 192.815 2058.5 14 314.414; 9658.4
171,608| 2343.5 12 | 193,208 2070.6 3-8 | 214,806/ 9671.8
132.002| 2354.3 58 | 198.601] 2982.7 1-2 | 215.199) 3685.3
172.395| 2365.0 3-4 | 183.003 2094 8 58 | 215,502 3608.7
172.788] 2375.8 T8 | 104,386/ 3006.9 84 | 215.984) 3712.2
173.180| 2386.6 ||62. IM.?‘?‘Ji 80191 78 | 2168.377] 5.7
178.578| 2397.5 18 | 195.171) 3031.3 ||69. 216,770 37503
173.966| 2108.3 14 | 105.564) 3043.5 1-§ | 217.163| 37028
174.358| 2419.2 3-8 | 105.957| 3055.7 || + 14 | 217,555 3766.4
174.751| 2430.1 1-2 | 106.950| 3068.0 38 | 217.048, 3780.0
175.144| 2441.1 58 | 196,742 3080.3 1-2 | 218,341| 3793.7
175,586 2452.0 34 | 197.135( 8002.6 58 m_mi 3507.3
175.929| 2463.0 7-8 | 197.538) 3104.9 84 219,!%5 8521.0
176,322 2474.0 ||63. 107.920| 3117.2 78 | 219,518 gi.?
176.715| 2485.0 1-§ | 198.813) 3120.6 ||70. 219,911 3848.5
177.107| 2496.1 1-4 | 198.706| 3142.0 18 | 220,304} 3862.2
177.500( 2507.2 38 | 100.008| 3154.5 1-4 | 220,607 3876.0
177.803( 2518.3 1-2 | 109.491| 3166.9 88 | 221 000; 8889.8
178,285 2529.4 5-8 | 109.884| 8179.4 13 | 221,482 3008.6
178,678 2540.0 34 | 200,277 3191.9 58 | 201.875| 8917.5
179.071] 2551.8 78 | 200.060 3204 .4 84 | 2032 D68 3031.4
179,463 2563.0 ||64. 201,062 3217.0 T 222660 89453
179,856/ 2574.2 1-8 | 201.455) 32¢.6 ||T1. 923.053| 8058.2
180,249| 2585.4 14 | 201.847| 3242.2 1-8 | 223,446, 8074.1
180.642| 2506.7 3-8 | 202,240 3254.8 14 | 224.888 3087.1
181.084] 2608.0 1-2 | 202,633 8267.5 38 | 24,281| 4001.1
181,427 2619.4 58 | 203,025 3280.1 1-2 | 224.0624] 4015.2
181,820] 2030.7 84 | 203.418) 3202.8 58 | 225.017| 4029.2




8q. Ins.

Ci- | Anpa.

e e
LT FEEEE P EEEP e I PP 3252

£ mmmmmmmmwmmmmmmumnmnmmmmmmm.hmmmmmmm%m@%mmmaammmmmmmmmm
3 | 2TI2 2IZAZIX IJARIR FIAATIT RTIR2RIP ITRITTIX 2TLTAZIR wu
ol e e 5 S M;|. i N S

AREA,
8. Ins.

CUMP,
Ixs.

Cin-

mmmmmmmmwmﬁmmmmmmmmmmmmmmmmmmmm SEbasiIscesdsEnasiaEcad

| ESEZEEIESEENRSESRIESERES IR0 ERETERRY mmwmmwmmmmmwmmmwwm

§se¥gssaaang AR NRRRARR NN AN AR AN ARRASRERRER02SARERESR555

TABLE OF CIRCLES—Continued.

Cir- | ApEA.
mr.

Ins.

fi | 53z ratsie $I3TEEE TISOEIE IIEIT LRSI enelsse o
an s g =) b g e e _ 8
£ s.4.5.7.31.2.5.31.4.7....5.s.As.s.s.4.35.33.5.Js.a..Eu.s.7.5.jj.ﬁjﬂcﬁjjﬁjﬂﬁjﬂhﬁ
= Tl b CREE
| i

§R8uzReEpzRAREcRRERRES wwmemmmm mmmr:ammmmmmmmemms

SRR AR R AR RANAR AT AAARRRSRERIARESSRERIRRRS AR5

182 AREAS AND CIRCUMFERENCES OF CIRCLES.

Diam.
Ins.

Ie TIEUETT TILIILE ATLALAL TILNEIE TIZNLIE TIL1LIL 2302
B R ® & g e E




3 32 .
ol _<¢ | =& |
m mmm |
| %z | 232 srzazar ensasyz.
. E m.m : % 222 $
i snnan..xa.as.."oxsxxsjmohx
B 7 | 53 | EEiececminaneacasiss |
x| SIRBBZEREEEEIISIENASE
SE= | RERREREEEEREREsEz s
5 | 3 JTENEIE TIINEIL z132
= if | emmwscncmonancacsnecs
g8 | B | Silitenutnneinie |
m s | SESBEZEZSREASERILENEE
Ogs mmmsmmummmwmmmmmummmm
Mm ZrIIT_AILILTL ATLNELL




184 WROUGHT IRON AND STEEL.

RIVETED GIRDERS.

The plates Nos, I. fo X. represent a fow of the sections of
riveted girders, most frequently used in structures. The single
webbed girders are the most economical in material, and most
accessible for painting and inspection. But where great width
and lateral stiffness is required, the double web or box girder is
the best. If the length of the girder exceeds twenty times the
width of the flange, the girder should either be given some lat-
eral support, or else the section of the top flange should be in-
creased, It is usual to allow flange strains of 12,000 lbs. per
square inch in girders for buildings. The safe loads for the
girders in the accompanying tables are calculated on this as-
sumption, the entire sectional area of the givder being consid-
ered. The web of the girder should be made of such thickness
that the vertical shearing strain will not exceed three-fourths of
the horizontal strains, or 9,000 Ibs. per square inch of section in
the case of givders for buildings. The shearing strain is great-
est at the supports, and is found by dividing half the load on
the girder by the web section.

If the thickness of the web is less than one-sixtieth of its
depth, it should be stiffened to resist buckling, by the addition
of vertical angle irons riveted tothe web at intervals of not more
than the depth of the girder. These stiffeners should always-be
used at the supports and at points where conecentrated loading
occurs,

The rivets should be from § to | inches diameter, spaced not
eloser than three diameters, nor farther apart than sixteen times
the thickness of plate connected,

It is good practice to limit the depth of the girder to #sth of
the span, on account of deflection.

The following tables are calenlated by the moments of inertia
of the girder sections, for a fibre strain of 12,000 Ibs, per square
inch, and for a uniformly distributed load. Coeflicient =
axt.mmI:‘:ir::;hxora P The numbers in the first columns of
the tables correspond with those of the varions sections of gird-
ers on the plates.

It will be observed that each section, as designated by a num-

_—— e



RIVETED GIRDERS, 185

ber, has been calculated for various thicknesses of cover plates
of the same width.

The tables give the coefficient of strength and the approxi-
mate weight per lineal foot for each section.

The weights include the requisite stiffeners.

| IN ORDER TO FIND THE SAFE UNIFORMLY DISTRIBUTED LOAD A
] GIRDER CAN CARRY.

Divide the coefficient of strength by the length of span in feet
between centres of supports, The quotient will be the load in
tons of 2,000 lbs,

TO FISD THE COEFFICIENT OF STRENGTH NECESSARY TO CAREY A
: CERTAIN LOAD ON A GIVEN SPAN.

Multiply the load in tons of 2,000 lbs. by the length of span
in feet between centres of supports. If the load is concentrated
at the centre of the girder, it must not exceed one-half the weight
of the permissible uniformly distributed load. If the load is
concentrated at some point not in the middle of the girder, it
may exceed in weight the permissible middle load, in the ratio

- of the square of half the span, to the product of the segments
*  formed by the position of the load.

EXAMPLES FOR APPLICATION OF TABLES.

I. What is the carrying capacity of the single web plate
girder No. 16, with § inch cover or flange plates, the girder be-
ing 20 feet long between centres of supports ?

In the column of coefficients, and opposite the girder referred
I to, find the proper coefficient for strength, which in this case

is 2,148,
Answer, 2% = 107.15 tons equally distributed,
[ or 51.57 tons in middle of girder,

IL. A box-girder is required 24 feet long between supports, to
carry a 20-inch brick wall weighing 66 tons. What is the
requisite coefficient of strength? Answer. 66 x 24 = 1584,

Referring to the table of box-girders 20 inches wide, we find
that girder No. 15, 21 inches deep, with a # inch cover-plate, has
a coefficient of strength of 1610, or a little in excess of that re-
quired. For some information on t.ha distribution of load of
brick walls, see page 65.

Py, P e W ey
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STRENGTH AND WEIGHT OF RIVETED PLATE
GIRDERS WITH SINGLE WEB,

See Plates 1. and 11,

The weights per lineal foot include stiffeners.

To find safe load in tons of 2,000 Ibs. uniformly distributed, f
gjfndu thn; cocfficient of strength by span in feet between centres !

supports,

To find coeflicient of strength required for a given load and
span, multiply the total load in tons of 2,000 Ibs., uniformly dis-
tributed, by span in feet between centres of supports,

WROUGHT IRON AND STEEL.

= [ TuicENE=s oF Coven PLATES 18 INcHEs.
g' -
3 % = b L 1 '
-5 ] T — —
w |s2llvd |2 || w2 & Il 54 & | 22
T ST ST 1R
- e F4 e i :n.
g_g_gi, o% | BE 3-5 EL' oz | =2
1|18l w0l 109)] 845! 112 os7| 122 || 1081 | 182
9 |18 1046 182 | 1146 | 142 || 1247 152
3|18 1990 | 162 || 1819 | 172
4 | 21| o06| 106/ 1026 | 116 | 1146 | 126 || 1267 | 136 |
5|21 1186 | 137 || 1304 | 147 | 1224 | 157 |
6 |21 1477 | 168 | 1504 | 178
7 |94 |l1084) 184)| 1202 144 || 1840 | 154 || 1470 | 164
, 8 |24 1306 = 142 || 1582 | 152 || 1669 | 162
9|24 1743 | 175 || 1877 | 185
10 | o7 l1228| 187] 1384 | 147 | 1540 | 157 || 1696 | 167 1
11 |97 1612 | 147 || 1766 | 157 || 1920 | 167 |
12 | 27 2018 | 181 || 2170 | 191
: 13 | 80 ({1397 141] 1570 | 151 || 1744 | 161 | 1917 | 17
14 | 80 1885 | 178 | 2006 | 188 || 2178 | 198
15 | 80 2301 | 187 || 2470 | 197
16 | 83 ||1570| 145 1761 | 155 | 1952 | 165 || 2143 | 175
17 | 33 2064 | 183 | 2253 | 193 || 2442 | 208
18 | 83 2501 | 198 || w718 | 203
19 | 96 [1748] 149, 1956 | 159 | 2165 | 169 || 2306 | 179
90 | 86 2303 | 188 || 2507 | 198 | 2714 | 208
21 | 36 [ 2890 | 200 | 3094 | 210




STRENGTH AND WEIGHT OF RIVETED GIRDERs. 187

STRENGTH AND WEIGHT OF RIVETED PLATE
GIRDERS WITH SINGLE WEB.

See Plates 1. and I

The weight per lineal foot include stiffeners.
To find safe load in tons of 2,000 Ibs. uniformly distributed,
3 d;vidu the coeflicient of strength by span in feet between centres
of supports.
'I‘ol nd coeflicient of strength required for a given load and
span, mnltig)ly the total load in touns of 2,000 lbs,, uniformly
distributed, by span in feet between centres of support.

TmckNess oF CoveR PLATEs 1IN INcues. |

L = g | &

. . . —|I58| =

vs | 24 || 34 | 25 || 34 | 25 ||%4|2G|1E3| S

33 | 82 || ¥¢ =2 3 22 [ly7| 22159 3
8E |27 (S5 |58 | S8 |s8 |sgjgE|” |~

1164 | 142 || 1268 | 152 || 1872 | 162 |[1476 172 18| 1
1348 | 162 | 1450 | 172 || 1552 | 182 ({1654 192 18| 2

| 1420 | 182 || 1520 | 192 || 1621 | 202 [1721 nmi 18 8
1388 | 146 || 1509 | 156 | 1630 | 166 ||1751| 176 21| 4
i 1548 | 167 || 1663 | 177 || 1783 | 187 ||1963] 107 21| 5
1707 | 188 || 1820 | 198 || 1948 | 208 ||2068 21821 6

|

1618 | 174 | 1757 | 184 || 1887 | 194 [[2026] 204 | 24| 7
1805 | 172 | 1942 | 182 | 2079 | 192 2216 202 24| 8

9

2012 | 195 | 2147 | 205 || 2283 | 215 ||2417 225’24
* 1851 | 177 | 2007 | 187 || 2163 | 197 [l2310 207/ 27| 10

2392 | 201 || 2474 | 211 || 2627 | 221 |[2778| 281 27| 12
2000 | 181 || 2263 | 191 || 2436 | 201 |[2600] 211/ 80| 13
2350 | 208 | 2522 | 218 || 2694 | 228 |12866| 238! 80| 14
2640 | 207 || 2809 | 217 || 2980 [ 2127 |[B150| 287 30| 15
33
33

2835 | 185 || 2527 | 105 || 2719 | 205 (2011} 215




188 WROUGHT IRON AND STEEL.

STRENGTH AND WEIGHT OF RIVETED BOX GIRDERS,

See Plates I11. to V.

The weights ]per lineal foot include stiffeners,

To find safe load in tons of 2,000 1bs, uniformly distributed,
d;vide t}:‘itzscoemcienb of strength by span in feet bet ween centres
of sup ;

To find coefficient of strength required for a given load and
span, multiply the total load in tons of 2,000 , uniformly
distributed, by span in feet between centres of supports.

» Tmckxess or CoveEn Prates 1x Incues,

5 T O
ik £ i s I i
el Y PRSP PR 1| SRR P - | R I L
I Bieglzal =178 22| 38 | =5 || 3% | G2
o S8 =- Qe s D 2 P 3 b
; [BESs||SE|EE|| 62 |gE| 22 | 2% || 88 | s%
£ S B “E = = | - | ~a ?
1 |18 |16 || 863| 180|/1002| 148 | 1141 | 157 || 1280 | 170
2 |18 |16 1132| 169|| 1270 | 182 || 1408 | 196
3 |21 |16 (1050 1381212 151|| 1375 | 165 || 1538 | . 178
4 21|16 1380 179/ 1540 | 192 || 1701 | 206
b (24 | 16 ||1247] 166/(1482 179 1618 | 108 || 1886 | 206

—~0 124 16 1640( 180 1824 | 202 || 2008 | 216
3 7 |27 |16 |[1453| 174/[1662] 187|| 1871 | 201 || 2081 | 214
™8 |27 |16 1912 199(| 2119 | 212 || 2827 | 226
9 |50 16 ||1668| 181|/1901| 194|| 2138 | 208 || 2866 | 221
0 {3016 2197) 232|| 2427 | 245 || 2658 | 259
11 |38 | 16 |[10423] 190{ 2148| 203|| 2405 | 217 || 2650 | 230
12 (33|16 2404 242(| 2748 | 265 || 8002 | 269
13 |36 | 16 |[2128] 197|2423! 210|| 2708 | 224 || 2088 | 287
14 |36 | 16 2803, 253/| B080 | 266 || 38358 | 280
15 |21 | 20 |]1206| 150 /1406 167|| 1610 | 183 || 1815 | 200
16 (21|20 1579 195/ 1788 | 212 || 1586 | 228
17 |24 | 20 {1425 180 IIGQO lii’?i| 1802 | 213 || 2126 | 230 -
18 | 24|20 1876 205| 2108 | 222 || 2340 | 238
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STRENGTH AND WEIGHT OF RIVETED GIRDERs, 189

STRENGTH AND WEIGHT OF RIVETED BOX GIRDERS,

See Plates III. to V,

The weights per lineal foob include stiffeners.

To find safe Joad in tons of 2,000 lbs. uniformly distributed,
d;vide the coefficient of strength by span in feet between centres
of supports,

Topl d coeflicient of strength required for a given load and
span, multiply the total load in tons of 2,000 Ibs,, uniformly

istributed, by span in feet between centres of supports,

Tmickxess or Cover PraTes 1x Incues. 8 l
I ' { 1 o= e
,.--i _i.:- __-':-l_ b EE:E’ %
ws | 22 || w4 | 22 |[52]25]|%5 |55 ainy| 2
o | 2£ || oF | 22 || F| 52| (yB|58 25 65| ®
g | =% E | =% ||EB |5k 5% |22 22| g
8% | By || &% | 2% |[S2(2E| 55 [BE BTIET &
1420 | 188 || 1560 | 1907 |l1701] 210! [1841] 208 16]18] 1
1546 | 200 || 1684 [ 222 ||1824| 286/[1962 240/ 16]18| 2
1701 | 101 || 1864 | 205 |lo020] 218 12102 2311|16!21] 8
1862 | 219 || 2024 | 282 l2186 246 (2848 25916 |21| 4
1995, | 210 || 2178 | 233 !zaso[ 246/ 12552 259 |16 |24 5
2192 | 220 || 2377 | 242 | 2562 256, 2747| 269|  16|24| 6
| |
2084 | 907 || 9501 | 241 |l2712) 254 2022! 207/l 16 27| 7
9534 | 239 || 2742 | 252 | 2051 266 3160 279 16|27| 8
1)
2600 | 284 | 2884 | 218 |306s| 261 3504| 274 16]80| 9
280 | 972 || $120 | 285 | 3352 m-l.iassa 312‘ 16/30| 10
2018 | 248 | 8175 | 257 |848s| 270 9604| 288 16| 33| 11
8256 | 982 || 8511 | 295 |3706 809 !|4020 322 | 16 |33 12
8208 | 200 | 8548 | 264 (18807 2774088’ 200 16 |36/ 13
3054 | 208 || 8016 | 806 | 4192 sonma] mw'm 36| 1
2020 | 217 || 2995 | 283 |l2435| 250! 9640/ 267/ 20|21 15
2104 | 345 | 2308 | 262 |[2602| 278 2806| 295/ 20|21 16
| | |
| 247 | 2503 | 263 | 2530 280 8064, 207 20|24 | 17
sm‘ 255 leam 272 | 13038 msl:m} 305”20 24| 18
| 2| |




190 WROUGHT IRON AND STEEL.

STRENGTH AND WEIGHT OF RIVETED BOX GIRDERS.

See Plates V. to VIIL

The weights Ipor limeal foot include stiffeners.

To find safe load in tons of 2.000 Ibs, uniformly distributed,
d;ﬂde thre':-s coeflicient of strength by span in feet between centres
of sup i
To A:]d coeflicient of strength required for a given load and
En, multiply the total load in tons of 2,000 lbs., uniformly

tributed, by span in feet between centres of supports.

% 7 ‘ g THICKNEss oF Coven PLATES 1¥ INCHES.
2 (3 |- :

5 I L | . ¢ i

28 BTl e
- . lcd 3. ﬁ‘i S f% Coefi- | Wt. fn || Coefli- | Wt. in
% |sgls2 |-‘-:,§- =z -E!_j = 2 ||cient offibs. per ||cient of|ibs. per
g §: E‘e‘gs Ei g% ;:'8'. stren’h. line'l ft.| stren'h. [line’l f1.
10 | 27|20 | /1658 187||1914) 204|( 2170 | 220 || 2442 | 237
20 (2720 2179| 215|( 2480 | 282 || 2700 | 248
21 | 80 | 20 |[1800( 195|/2188| 212/ 2476 | 228 || 2768 | 245
22 18020 Im 240(| 2783 | 266 || 8074 | 282
23 |33 | 20| 2185| 208 2508| 220/| 2880 | 236 || 8158 | 253
24 |83 (20|, |12820| 260,| 8140 | 277 | 3450 |- 203
o5 |86 | 202808 21212745| 228(| 8006 | 244 || 8448 | 261
26 |36 |20 J 270/| 8508 | 287 || 8857 | 303
27 |41 235(| 2344 | 255 || 2024 | 205
28 |24 |24 2156| 229(| 2485 | 249 || 2714 | 289
20 |27 (24 2410) 243|| 2721 | 263 || 8040 | 283
30 (2724 2627 280{| 2B40 | 2060 || 3154 | 279
81 |80 (24 2783| 250(| 8082 | 270 || 3434 | 200
83 (80|24 2878| 275|| 8227 | 205 || 3376 | 815
33 188 M4 8071| 250|| 8456 | 270 || 8842 | 209
84 83 4 3247 286| 8631 | 306 || 4016 | 326
35 |86 | 24 3584 266|| 4004 | 280 || 4424 | 306
86 |36 |24 Im 206 | 4208 | 816 | 4627 | 536

1! | | | |

T
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STRENGTH AND WEIGHT OF RIVETSD GIRDERs. 191

STRENGTH AND WEIGHT OF RIVETED BOX GIRDERS.

See Plates V. to VIIL

The weights per lineal foot include stiffeners. o,
To find safe load in tons of 2,000 Ibs., uniformly distributed,
divide the coeflicient of strength by spau in feet between centres

of supports,
To I?r?d coeflicient of strength required for a given load and
in tons of 2,000

dstribu

ultiply the total 1
ted, by span in feet between centres of supports.

., uniformly

Tuwckxess oF Cover PLATEs ¥ INchoes,

[

Coefl- | Wt in

cient of | 1bs. per

stren’h, |linel’ ft.
2006 | 264
2061 | 265
8062 | 202
3364 209
8474 | 270
3770 | 810
3800 | 278
4206 | 820
2004 | 205
2004 280
3355 | 303
8460 200
3785 | 810
8026 | 335
4228 | 3819
4401 | 346
4834 | 826
© 5046 | 356

1

Coefli-
clent of |1

stren'h, |1

2070
5224

33565
3656

3707
4100

4156
4560

3188
3214

3671
784
4136
4277 |

4506
4767

5270
5470

Wt in
bs, per
ine’l ft,

270
282

278
816

286
8327

204
387

315

376

—
e

ey
L

Coeflicient of

2L | na

§ §§ |wm1 !

3649
3047

4120
4421

hs.
ft,

E 8 B

453

Coeflicient of
strength,

S

4444

4742

5257
3750
3836
4305
4416
4838
4979
5108
5559

6111
6309

per lineal ft.

§ I Welght inlbs.

370
305

379

416

Width of cover plates

in inches,
Depth of girder in

inches,

g8
85

g 8E BE

R ORBR RR ER ER

58 kR 28 88 =28

88 &8

g&

| 88 28 22 28 BR B3 ¥8 BR 3 | No.otscin
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192 WROUGHT IRON AND STEEL.

STRENGTH AND WEIGHT OF RIVETED BOX GIRDERS,

See Plates VIIL to X.

The weights per lineal foot include stiffeners,

To find safe load in tons of 2,000 Ibs., uniformly distributed,
divide the coefficient of strength by span in feet between centres
of supﬁ):rts.

To find coefficient of strength required for a given load and
sﬁn, multiply the total Toad in tons of 2,000 lbs., uniformly
distributed, by span in feet between centres of supports.

Tuickxes oF Cover Prares ¥ INcues,
£ 1 = =
8 |3 3 3 ¢ i

. |& E‘ i —|— —
% Er 84il 2. ££ = |22 || oot | we.in || oot :Wt,iu

ies|| ES| S8 || B2 | 28
"SI E;; %E 'E% Eg | aé Icllmt of |1bs, per | |clemt ofilhs. per
& EE == 5... Z2|| 22| E2 | strenh. line'l fr.| [stren’h. line’l fr,
z = "lET||S" B
a7 |80 80 3093, 290 8584 | 205 || 3974 | 320
48 |50 |80 3238| 208( 3678 | 823 || 4117 | 348
80 |38 |80 3466) 270| 8051 | 304 || 4436 | 529
40 |33 | 80 3643 800| 4126 | 8384 || 4610 @ 359
41 |36 30 4038 286|| 4543 | 311 || 5072 | 336
42 |86 | 30 4222 319\ 4748 | B44 || 5275 | 469

|

43 |89 |80 4241 204] 4815 | 810 || 5339 | 344
44 |80 |30 4488 820|| 5060 | 854 (| 5633 | 379
45 |42 1 30 4642 B01{ 5260 | B26 (| 5879 | 351
46 |42 |80 14920, 339 6546 | BG4 || 6123 | 3589
47 | 36 36 4448, 306/ 5084 | 836 || 6721 | 366
48 | 36 | 86 4654| 986| 5288 | 866 || 5924 | 396
49 |89 | 46 14709| 314|| 5400 | 344 || 6091 374
50 |39 |36 4056 846 5646 | 876 || 6335 | 406
51 |42 36 |5165 821|| 5800 | 851 || 6635 | 381
52 |42 |86 |5434 B56|| 6176 | 386 || 0017 | 416
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STRENGTH AND WEIGHT OF RIVETED GIRDERS, 193
STRENGTH AND WEIGHT OF RIVETED BOX GIRDERS,

See Plates V1II. to X.

The weights per lineal foot include stiffencrs, e

To find safe load in tons of 2,000 Ibs, uniformly distributed,
divide the coeflicient of strength by span in feel between centres
of supports,

Tl.)l nd coefficient of strength required for a given load and
span, multiply the total 1 in tons of 2,000 Ibs. uniformly

istributed, by span in feet between centres of supports.

Tuwkxess or Cover PLaTEs IN INcHEs. !

] 3
H ‘1 | 1 |2 s
— T e Tale Tk L
Coefl- | We.in || Coefli- [We.in || S (22| 2 . 15512¢/® | S
. EEAEE I [
cient offibs, per | |cient of lbs. per || £ == [| 28 =5 ||[ZE|TE| 2
! | &2 |55 E§|u.. ==12%| S
stren’h |line'l ft.| lstren’h. [line’l ft.|| 22 T4 || (g | 2R =525 ¢
[1SF [BZ(IS% |27 |F | 2
SR e e P
4415 | 845 || 4857 | 870 ||5300] 895| 5782 420|| 80 |30 | 87
4566 | B73°| 4988 | 898 ||5439 423|5881| 448 |50 |30 | 48
4923 | 854 || 5408 | 379 |585/ 404) 6382 420/ 50 (33 | 59
5094 | 884 || 5579 | 400 Gﬂﬂﬁi 434| 16551 459 | 80 [ 35 | 40
|

6601 861 || 6136 | 386 | 6661 411 7191| 486 |20 |36 | 41
5803 | 894 || 6336 | 410 [|GS60 444) 7389 469 | 30 |36 | 42

5063 | 360 || 6538 | 894 |[T114] 419(7 444|130 [: 9 | 43
6206 | 404 || 6779 | 420 (/7358 454) /7687 43930 |39 | 44

6681 | 876 || 7117 | 401 ||7737| 426|(8857) 451|| 80 |42 | 45
G780 | 414 || 7448 | 439 |[BO16] 464 8635 480|| 80 |42 | 46

8‘.373‘ 486

6358 | 896 || 7002 | 426 |[7634) 456 86 |36 | 47
6560 | 426 || 7202 | 456 ||7833 4868470/ 516 | 36 |3 | 48
6783 | 404 || 7475 | 434 |[R168] 464!/8861 404|536 (30| 40
7025 | 436 || 7716 | 466 |sm 496 8099 526/ | 36 (39 | 5O
|
| |
7880 | 411 || 8121 | 441 |8872 4T .m-.'j 50136 |42 | 51
mrz‘ 46 || 8406 476 [o151] 506) 0606, 526 36 |43 | 52
| |




PENCOYD CORRUGATED FLOORING
FOR BRIDGES AND BUILDINGS.

The trough-shaped sections shown on 33, as manufactured by the
oyd Tron Works, h.wu ﬂu:u.uﬁnrh“ iur bridge flocring, and
alio for the floors of fire- ild , No, 210, is
m.«lly appjl:d 1o buil whxlu the hrget section, No. 209, is better
adapted for bridge floors
The following table gnm the weights of iron per square fool of floor sur-
face, and weights per running yard for differrnt thicl of the £
also the moments of resistunce for one foot of width,

WEIGHTS FOR IRON—For Steel add & per cent.

3], §] b3 3 |3
% KR Eﬂé Afi'raxtmat;' W;f;u in Pownds per E-st’ 5 z

el unning Vard for cach Thick- 5S |ES
§ ':ﬁ s} ness of Base, s& g?
B“Fé,,‘:‘;;. dfafalalaln]o]n]e 2508

LH

220 [22.026.35 3:.0 35-5 0,0
*}8-0 | | 5 |15r15301580| 63-‘-!68c-’ &
Lés, “LEs
proximate Weight in Found Sqa
"},f“# Foek for cach Thicknees of Duser . [P0

mi H 4.5 '15]‘?5’-‘05i

|--

135! :55 ués_
!376 39.7 asﬂl 370 _37.0

Moment of Resistance for One Fool in
Width for each Thickness of Base.

R A

115 !13,0&r1_4_.§7[(l_5_.!:||7.61_____ ‘ i

PENCOYD ZZ BARS.

WEIGHTS FOR IRON—For Steel add s per cent.

EIFIRE il.§
20E| o [pE]eS ER|EY
X |EEE mate We ru!’md'.r
B f§ I R oy ert i i _g;;g
e b .:‘:" :E P =3
HERHEAL: 153
Eéaiiilyfnisna*
30/ 3 [ ¥ [ 65 65] 97 o7l 8
2113 4 1 | TR0 12,8 12,
229| 4 77| 27| 1x6 1.6
s ol T 384 TP hosis e o
2255 r';ﬁ-hl 1 135 X 15:; s
26| § {337z 33| l‘l 17.5 ptay; Kl a3
2 234 )
n;§3 ! :gl 15.1 | z0.6 ¥ :26 &
22w 24.7 27.2
:ﬂ&h ']‘I:B& ! 288 33_’?;3.*;‘..2.__.
Shlllfwﬂchmﬂmhﬂm:!‘el::c‘:nﬂm i:.i wiuloucth-lh
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PROPERTIES OF PENCOYD 27, BARS.
WEIGHTS IN TABLE ARE FOR IRON.

5
®
3

of A EM o g R 2 np0a
- = =
. AR AR mmmE
L
#ﬂm LR A L AL LRt -L -
)oM WM M MM e MR

.ﬂ - ah R
0606 e o e ot )

worpas fo 1yl
HUION] pURGS

A |STRRERE TIRT|S RO o PPV ]

‘oo gl

L e i L e
ﬁmauw‘\h Jo puaz2ua0)

‘uoryIg [0 VALY

00/ 43 JYTIIA| U7
ITVIAIN] "G} T YIDI A0y
SPINYONY L Jo aswasdu)

yafusazs Jo .:t‘tﬁusb_B o ot

SEINYIIYL

BAR COLUMNS.

H.Sut

lange X

de, ﬁf:
ange.

afoys fo oN

THROUGH FLANGES OF 7

e

STANDARD SPACING OF RIVETS




STANDARD SEPARATORS FOR
PENCOYD I BEAMS.

: S S

= E A s

§. |58
¢ s, A - R
5 5 | 38§ | 24 | SF 1S3
< Stue of Beam. . Y4 | ¥E )
Y | ZHE 8 X358
% A % il

5 3 | RYS ¥C | ¥F

; 3 SR 0

£ = 3 =

it = g No. | Size. &
T 15"’ Heavy 22 B4 2 3’ £.75 123
] A Light. ot ; 13 2 e 1.62 123
3 12" Heavy. 16 2.95 2 - 1.:3 | -123
% ¥ Light uf | 2.70 - i ¥ | .
] 10}”" Heavy. 1} | 2.10 1 1.6 | a3
2& ﬁ Medium. 1t 2,06 1 1.5 123
“  Light. 1 2.03 1 [ :.:g 123
" Heavy. 1 1.93 1 " 1.56 123
; “ - Tight 10 1.93 1 o 1,53 123
9 ?" Heavy. of | 1.63 1 44 1.33 ‘ 123
10 * Light. 9 1.63 1 | w48 123
1t 8" Heavy. 6} | .36 1 " 1.50 123
12 o Light, 6| 1.36 1 # 1.46 123
13 7" Heavy. 4 1.26 1 4 0.66 .085
14 *  Light 4 r.26 1 d o.g1 o5
' Heavy 3 I.24 I 1 P o, .ofs
1 "’ .:.]Jght. 3! 1.34 1 “ | o.87 .o85
1 !/ Heavy > 1.10 1 Ol o.43 055
1 1 Light. =} 1.10 1 # | o.42 | .058
1w 4/ Heavy 2 .85 1 " | e.q4a 055
20 *  Light. ] o.8g 1 L 0.3 .055
a1 ;" Heavy. 1} | 0.6 1 H o.38 .055
2= * Light. : 14 | 0.6y 1 ‘” ©.3t 055

The figures in the thivd column are the weights in ibs. for cast
ivon eraratar:. suitable for beams with _ﬂa sum Placed in contact,

DECIMAL EQUIVALENTS FOR FRAC-
TIONS OF AN INCH.

EHENE ;;;;;n TALES

¥ 4375
&ms

qms 98“5 !i 46875 Gsfas
I 3125 ‘i I Il i
.1 375 | 3% sws _1:335 {1




BOLTS AND NUTS.

Manufacturer's Standard.

® Weight
7 i Weight of Head and
&E Svat of Nt Nut arj;‘ww Nuis, Bolt
£ | Badichder
-3 Inch
g Widih, | 1dck, Hole, Sguare, | Hexg'n, | Length.
| | ) | o 034 ~ on o14
*‘g | | by 085 Joat
!" | §: | 4 110 | 10§ o3t
‘ | i a8 Ja71 042
i L L | 1" «afo 233 035
] 1 -369 335 b9
! | !I x’] -543 475 | o8
% S 776 | f73 | 23
i . i | g ¥ 1 55 [ 16
1 | 1] 1 § |.;; :.*3 1 ar
T g 1 i3 2.47 276
1 4 2} 1 g 3.74 | -341
T | o8 1 1y 5.85 412
1 i 8 1 1y 7 40T
1 3i 1 Iy 9.4 576
1 3 13 1y 11.9 £68
1 1)1 x¥ T4.1 7
ii ;-i | 1li 18.6 2
i 4 :2 | 1 189 3
2 | 4 2 2 19.3 1.104

WEIGHT OF BRIDGE RIVETS.

Diameter ’ Weight of Tovo Weight y" Bod)
‘Rl'rarf‘ ¥ Heads. W)‘ ,“”
B 036 031
o058 e
. oau 054
RE oby
f 160 <85
] 210 103
abo 33
i 350 44
1 440 aby
i 540 192
1 40 218
iy 714 246
:! 788 .a7b
2 L P e

07
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WEIGHT of SQUARE and ROUND IRON

For Sterl add 2 por cent,

PER LINEAL FOOT.

-] ; .k - ST 1Y
8 g S E £ ]
i i9E || §8
55| 8|0 |fos|3R| @ | O |tes
S Sg” || K% Sy
013 010 1963 ag 26,37 20,71 8.8357
052 41 .3927 27.55 a1.64 5,032
;;g ng’a ;ggu 28,76 22, 0:23
. 164 7854 3 30,00 3. 9424
326 asb 9817 B 31.26 24.55 9.6a11
33 368 1.178x 3. 3:.35 a5.57 9.8175
J 508 1.3744 33.87 6o 10.014
3 833 54 | 58 ||} 35.91 27.65 | 10,210
1.055 828 1.7671 s 36.58 28, 10,
I ;\u 1.023 14635 | }. 3797 29. 10.603
1 g 1.237 2.1558 39,;; 39.94 10.799
i : 1473 | 23502 ‘ ] 4083 | 307 | 100996
2.301 1.728 ' 2.5525 42. 33.23 LT
2.552 E w,u;lg 43 34+ ir. 5
2.930 2,301 2.04 45 35. 11.585
1 3.333 2.333 3.2416 43&3 Ba | g8
3763 | 2955 | 33319 l{i 48.45 | 3Bos | 1ro77
4810 3-3;3 3-533& 59.0 39.31 | 12174
4701 3002 | 3.7 b1 ] 5t 40.59 | 12,370
sao8 | 4opr | 39270 || 4 53.33 | 4189 | 12,566
T 5.743 41510 | 47233 72 44.55 | 12.959
’ 6. 4950 | 43197 a1 4729 | 13352
5 6. 5410 | 4.5¢ 63.80 50.11 13744
) 7.0 | 5. 47134 || 67.50 | 5300 | 14.137
1;- 8138 | 6303 | 49987 | 71.30 | sboo | 1453
8.802 6.913 5.105L | 75.21 “7 14523
9492 455 | 5.3014 79.23 42 | 1531
10,31 018 | 5.4978 5 83.33 65.45 | 15.
lf 10.95 8601 | 56041 | _33 63,72 ag 101
e . 5. 72.1 1 4
| s g;:a G.m ga 75.64 Bg%
2 13.33 10.47 6,283 79.19 :7 279
14.18 1.4 105, 82.8 17.671
15.08% 1r.Ba 6, 3 i llls).i 86,5 15.061
15.93 13,53 ﬁsm 115.1 go.36 18.457
1{:,3 13.45 7.0686 6 120.0 94.25 18 850
17.83 14.00 7.2649 125.1 gB.22 19.242
I 1§,Bo 14.97 7.461 130.2 109.3 lggga
19.80 tg,s 7.65 135. 166,
] 2083 I )E 7-8540 140, 110,
21.89 17.19 8.0503 146.3 114.9 20.81
f" 2.9 lg.u. 8.2467 151.9 119.3 al.mg
}’] 24 18.g1 8.4430 ] 157.6 123 7 21.508
3.9 2501 | 1m0 8.6304 7 163.3 138.3 21,091
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WEIGHT OF FLAT BAR IRON
PER LINEAL FOOT.

For Steel add 2 per cent.
= g' Thickness tn Fractions of Inches.
b3
Rl |3 (A Yl |t [H| )8 ]1
T 208 | 417 ‘6-‘:;“_‘83 1.04 x.;;' 1.46 —.-I_ 67 " 2.08| 2.50
1 ’gz 469 | .q03 .933 17| T4t 1.24 1.87| 2:34 :.g?
z E 52X .gﬂl 104 | 30| 56| 1.82| 208| 2.60| 313
T 286 .573| .839 | ras 1.43| 1.73| 201 | 229 | 2.86| 3.44
1 313| 625 .938| a5 | 2.56| 1.88| 210| 2.50| 313 395
T 3 b7 | 102 1.36 1‘29 2.03| =.37| 2.7%| 3. 4.00
1 32:; 29 |tog | .46 | 1.Ba| 219| 255 s.0a| 3.65| 4.38
1 391 | .78r | r.17 1.56 | 1.95| 2.34| 2.73| 3.12| 391 | 4.6
2 417 Jéa 1.25 1.67 | 2.08| 250| 292 | 3.33| 417| 500
2 443 | 886 1.33 | 1. 2,21 | 2.65| 330 3.54| 4.43 5'2'
2 439 938 | T4z | 288 | 234 281| 3.28| 3.75]| 460 503
of | 495 990|148 | 1.98 | 2.47| =297 | 3.46| 396| 495| 594
2 521 (104 |1.56 | 2,08 | 2.60| 31 3.65 4.:3 5.3z | G2
2 547|109 | 1. 219 | = 3428 | 383 4.38| 547 G.gg
2 573 | L.as :.g: 229 | 2 3.44| 40t | 4.58| s5.73| 6.
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3 b77| 1.3 2.03 4.7x 3. 400 | 4.74| 542 6.77| Ba3
34 | 729 2,39 | 292 | 3. 4-2: sio| 5.83| 7.29| 8.75
3 g8z (1,56 | 234 | 3.13 | 3.9%] 4 S.47| 0.25| 7.81| 9.38
B33 1.67 | 250 333 4.17| 500 583 6.6 8.33 | 10.00
: .535 xgg 2.66 3.54 | 443 | 531| 620 1.0; 8 85 | 10,63
44 | 938 |1 2.8t | 3.75 | 4.60| 5.63| 656 7.50| 0.38 | 1138
993198 [2.07 | 3.96 | 4.95| 5.04| 6.93| 7.02| 990 z1.88
5 |to4 |208 |31 43 sar| 6.as| 7.20| 8.33 10,42 |12.50
.09 |a.19 |3.2 43 5.47| 6.56 5.66 8.75 | 10.04 | 13 13
15 (220 |3.44 | 458 | 5.73| 688 Boz| g7 |11.40|13.75
5§ |1.20 [2.40 [3.59 | 4.79 | 5.99| 719 | 8.39| 9.58 | 11.98 |14 38
6 1.25 |2.50 |3.75 5.00 6.25 | 7.50| B.75 | r0.00 | 12,50 | 15.00
6} |1.30 |a2.60 |39 | 528 | 6.51| 7.8x| 9.11 | 1042 |13.02 :2‘63
6 |1.35 271 | 406 5,22 6.77| 8.13| 9.48 | 10,83 Ijga 16.25
1.47 (281 |4.22 | 5.63 | 7.03| 8.44| 9.84|11.35 | 14.06 | 26,88
7 |1.46 {292 |4.38 | 583 | 7.20 E 75 10.21 | 11.67 | 14 58 | 17.50
7} |rsr |3.02 |453 | Bog | 755 10.57 | =2.08 | 1510 | 18.13
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78 |n.6r | 3.23 |4.B4 | 640 07 | 9. gg 11.30 | 12,92 | 16.15 | 19.38
8 |16y 333 |500 | 6. B.gg 10,00 | 11.67 | 13.33 | 16.67 | 20i00
83 Lag 354 (538 | 7 8. g 10.63 | 12.40 | 14,17 | 17,71 | 21,25
g9 | 3-75 |563 | 7.50 | 9.38 | rr.25 | 23.13 | 15.00 | 18,75 | 23.50
ok (198 |3.96 |5.04 | 792 | 9.90 1188|1385 15.83 | 19.99 | 23.75
10 |2.08 |47 |6.35 | 8.33 |10.42 | 12.50 | 14.58 | 16.67 | =0.83 =E‘m
10} 219 |4.38 |6.56 | B.75 [10.94 | 13.33 | 15.3x | 17.50 | 21.88 | 26.23
11 |2.29 |4.58 |6.88 | g 17 |11.46|33.75 | 16.04 | 1B.33 | 22 92 | 27.50
1 (240 (479 (729 | 9.58 |11.98 | 14.38 | 16.77 | 19.17 | 23.96 | 28.75
12 |2.50 500 |7.50 [fo.00 |12.50|15.00 | 17.50 | 20,00 |'25 00 | 30 00
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WEIGHT OF FLAT BAR IRON
PER LINEAL FOOT.

For Steel add 2 per ceat.
Thickmers in Fractions of Inches. L3
3=
§ v f | p | ok |0 | 3] 03| Ss
3.92 | 3.33] 375| 417| 4.58| 590 | 542 | 583 6as5] 667 1
328 | 3.75| 429 | 4.69| 5a6| 5.63 z»w 3-5g 7.03| 750 | -
3.65 4.3 4.62 sat| s3] 625 677 799 | 7.81| B33 | ¥
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. s00| 5.63| Gas| 688 7.50 | 8,33| 8.75 [ 9.38 | 1000 | 1
:;: s_za 6? 6.77 g,.‘s .13 | B.Bo| 948 Ig.fg 1083 1
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6.56 | 7.50| B.44| 0. 10,31 | 1T.9 u.;z 13.13 | 14.06 [ 15.00 | 2
6.93 | 792| 89t | 9.go|108p | xx, 12,86 | 13.85 | 14.84 | 1583 | 2
72.20 | 8.33 9.33 10.42 | 11.46 | 12.50 | 13.54 | 14.58 | 3563 | 1667 | =
66 | 8.75] 9. 10, 12.03 | 13.13 | 14.23 | 15.31 | 16,42 | 17.50 | 2
o2 | gag|i0.31 |12 12.60 | 13.75 | 14.90 | 16,04 | 37.20 [ 1B.33 | =
8.39 9.5; 10,78 | 13,98 | 13.18 | 14. 15.57 | 16.77 | 1797 | 19a7 | 3
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9 10.83 | 12.19 | 13.54 | 14.90 | 16.25 t;. 18.96 | 9o.31 | 21,67
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11.67 | 13.33 | 15.00 | 16,67 | 18.33 | 20.00 | 21.67 | 23.33 | 25.00 | 26.67
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i
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o960 |25.83 |29 3229 35-5: 75 | 4598 | 45.21 s1.67 | 7
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.79 =333 31.88 | 3543 | 38.96 | 42.50 42 ; :g:a 53,3, &}
.25 3375 | 37.50 | 41.35 [ 45.00 | 48.7 ;g fooo | g
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WEIGHT OF ROLLED SHEETS OF
WROUGHT IRON AND STEEL.

CALCULATIONS BASED ON SPECIFIC GRAVITY OF 7.70

FOR IRON AND 4.85 FOR STEEL,
‘Weights per Square Foot.

Birmingham Wire Gauge.

dmfrxu((:aﬂ & 5) Wire

4
Thickness| rpon. | sTeeL. | ke poN. l.STEEL‘
o0 454 18.16 18.52 46 18 40 18.76
000 435 17.00 17.34 4096 16.39 16.72
0o 38 15.20 15.50 3648 14.59 14 88
o 34 13.60 13.87 3249 13.00 13.26
T 3 12.00 12.24 d 157 11.80
2 28y 11.36 11.50 ::?,2 10,31 10. 5:
3 . 10,35 10,56 2994 a8 g
4 23 Eg; g 7T 2043 A7 33
g a2 . 98 Jabig 7.2 gz:
203 8.2 B.28 1620 6.4 b
g a8 7:19 7-34 1443 5.77 5.88
s 6.60 6.73 Jaz8s 5.14 5.24
9 48 5.92 6.04 JA144 4.57 4.66
10 J34 5.36 5.47 J010 4.07 4.15
1 2 4 489 m 3.63 3.70
13 .m; A 4.34 . 33 3.29
1 v - 397 - v 2.03
Ii .33 ; 3.38 :f:: 2,56 .61
15 o732 2 2.94 0571 2,28 2.32
16 obs 2.60 2.05 1.03 2.07
T ©58 2.33 2,37 0453 1.8z 1.8y
1 049 1.6 1.09 O§o3 1.6 1.6y
19 042 .68 1.7t 0759 1.43 1.46
20 035 1.39 1.43 0330 127 1.30
a 032 1.37 1.30 0285 L 1.16
22 w28 1.1 1.14 .m;g 1.0t 1.03
E 025 7 1.02 023 ax
s: o232 ﬁo 898 Lozot m Bar
:g o oo 816 0179 .zt 729
o018 J19 734 0159 E 32 S5t
2 w016 %g 053 o142 570 581
2l O14 -5 S o126 508 \515
29 13 520 «531 o113 450 450
3o 012 480 .& 0100 400 409
3t ot 2399 A ooy -35 -364
3= :3 359 -367 ool 31 -.33;;
33 +320 326 o071 283
34 007 28 286 wob 252 .:53
a5 00§ 200 204 .nosg 224 a2
.3 204 159 d62 | woso | ace | .04
a0z
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