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PREFACE.

To Engineers and Builders in Iron and Steel this volume is
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 mat-
ters of theory from statements of facts, that, where conflict of
opinion may arise, each one may draw his own conclusions. It
was considered 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 caretully conducted experi-
ments at Pencoyd, 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.

PENcOYD, May, 1884.



PREFACE TO SECOND EDITION.

IN preparing the Sécond Edition for the press we have cor-
rected some small errors occurring in various places in the first
edition, which were discovered after its publication. A fewnew
tables of weights of separators for beams, of bolts, nuts and
rivets, which were deemed useful in architectural calculations,
have been added. Some additional shapes are described, and
several old sections of beams and channels changed to more effi-
cient forms, by better distribution of material in the flanges.
At the present writing we have no alterations to make in our
conclusions in regard to steel, our experiments up to date seem-
ing to confirm our results as then announced.

A. & P. ROBERTS & CO.
PENCOYD, January, 1885,



PREFACE TO THIRD EDITION.

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

struction,
A. & P. ROBERTS & CO.
PENcOYD, July, 1885,
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WROUGHT IRON AND STEEL IN
CONSTRUCTION.

TABLES OF DIMENSIONS.

THE following tables give the principal dimensions of the
standard shapes of structural iron and steel rolled at Pencoyd.

Further particulars of the sections will be found in the illus-
trations at the end of the book.

For beams and channels the least and greatest sections of
each size are described in the preliminary tables. Any inter-
mediate sectional areas between the maximum and minimum can
be rolled, but the flanges remain unaltered, the web only being
thickened. The weights per yard corresponding to increased
web thicknesses are given in annexed tables. For angles, any
thickness between the maximum and minimum can be rolled,
corresponding weights for the principal intermediate thicknesses
being given in the tables.

The legs of angles increase slightly in width as the thickness
is increased. This renders the actual weights corresponding to
given thickness somewhat uncertain. Therefore either the de-
sired thickness or weight per yard should be specified, but not
both. (The methods of altering the thickness of the foregoing
sections, are illustrated in plate No. 28.) The cross-hatched
sections represent the least areas, and the blank section the added
thickness.

Tee sections cannot be altered from the standard as given in
the tables. Flat bars can be rolled to any thickness between the
limits given in the list.



2 WROUGHT IRON AND STEEL.

SIZES OF MINIMUM AND MAXIMUM SECTIONS.

PENCOYD
e A
215 |5 |5 |8 |8 |§ |8
slal 3. 3 ® ., IR F] E] &
IS IE I I A BE
s|S| EC | ED | g5 | B2 | B2 |5 | B | &
Sle| EE | EE | E5 | EZ |5 | B2 | & | &
S8l 8 El g8 | 8 | B ! g ]
S|m| & = = = = = R | &
A B B C C D E
1115 | 200 | 283 | %4 3 5% | 5% | 18 | 2
215 | 145 | 201 Vi 13 5} 5} 13 | &
812168 | 194 | 3 i |5 538 | 13 | %
412120 |18 | 8% | 43 | 4y | 5a | 1 [4f
5 [104| 134 | 161 ¥ 33 5% 5} 1} 14,
64/103| 108 | 135 | i3 3{/ 4 | 5 AR
6 105 89 | 109 | i 3 4 | 4t %%
w0 | 112 | 187 Y i 1% T 1% | %
80| 90 | 108 | 4 | ¢ | 48 | 4z | §|3§
99|90 | 1R T4 | 48 | 433 3%
10(9| 70 | 8 | i | 3 | 4f | 4f| 4§
11/ 8| 81 |19 13 i 4} 413 3% | 3%
128 85 | 75 | % | % | 4 4 2
137 65 | 8 | & 811 | 4t 3 i
14 7| 51 | 88 | i3 833 | 44 | 33 )44
15/ 6| 50 | 63 | 13 % 3% | 88 H| &
16/ 6| 40 | 68 | + | § | 3 8§ 3 [
Y5 | T8d |40 | | | 3| ear | 4 |2
18 5| 30 | 40 | o | % | 2% | M| 4 | 4
19,4 | 28 38 1 Y 2] 3 [ K
20! 4| 18.5] 21.5) i} it 28 | 2| & |
®1/8 |28 | 28.6 i L | 2% or Y
2208 | 17 | 217 & | & | 2 | 2l§| M|

The width of the flange varies directly with the thickness
of the web.



TABLES OF DIMENSIONS.

- WEIGHTS OF VARIOUS WEB THICKNESSES.

PENCOYD H BEAMS.



WROUGHT IRON AND STEEL.

SIZES OF MINIMUM AND MAXIMUM SECTIONS.

PENCOYD

E

\ s [|> omannBLS.

A

- - g _.: ]
= < %' %. %. %. g % g g
2| S| B2 | BE | BE | BE | R, | Ry | 2|2
G| Elep B |ed|e3 |2 B E|E
| 2| 8& | BE |85 | E5 | B® | BB | & | &
S| 812 |4 | E | & | E 3 8§ | &
Ela| &2 = = = = = >
A B B C (o) D E
8015 139.0/204.5| % | 1 | 4 | 48 | 1 &
311 12°| 88.5/7160.0| 12 1 20 T8 1|
32 12| 60.0| 101.5| 4 | % 2381 2% | 1 ,yi
34710 | 60.0| 106.0{ % 3 l 208 | 15 |
85,10 | 49.0/ 86.5] % i 2% | o} 8
86 9| 53.0| 92.0 i 2% | 2% RS
370 9| 870 6ol it | 4 ' enl syl |y
38, 8| 43.0 80.5| 4 i 2% | 2 R
390 8] 80.00 54.00 13 | 4 | 2 | R%§| 48|
40”7 | 41.0| 78.0; i3 H 245 | 2% 1| ofs
41) 7| 260 490 v | b | 1l| 2| | Y
4376 | 81.9 54.4 } & 2F | 2% % | o¥
43| 6| 27.6] 50.1 ] 2 2} LA
44 6| 227 3006 & | 4 | 13 | b | & |5
45| 6| 27.8 46.0) 1} 5 2 23 1y 1{
46| 6| 188 829 & | 4 | 13 | 1) & | &
47| 4| 215 31.5 % 3 | 13| 1§ 3 i
48 4| 1750 28.7 % | ¢ | 1% | 18] 42| %
49) 8| 15.2 189 & |3 MAF ! 18| |4 -
502y 103 11.3 § |~ § |1 | 18 |” % | 4
51/ 2| 8.7 1000 & |"o% | 1F | | ¥ | 7%
52| 1% 3~5{ 8.5 o 3"{' N A R ki

The width of the fiange varies directly with the thickness of

the web.



TABLES OF DIMENSIONS.

WEIGHTS OF VARIOUS WEB THICKNESSES.

PENCOYD l l J I CHANNELS.




WROUGHT IRON AND STEEL.

SIZES OF MINIMUM AND MAXIMUM SECTIONS,
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TABLES OF DIMENSIONS.

WEIGHTS OF VARIOUS WEB THICKNESSES.

PENCOYD - DECK BEAMS.



WROUGHT IRON AND STEEL.

PENCOYD ANGLES.

EVEN LEGS.

WEIGHTS PER YARD OF VARIOUS THICKNESSES.

One cubic foot weighing 480 Ibs.



. TABLE OF DIMENSIONS.

PENCOYD A ANGLES.

UNEVEN LEGS.

WEIGHTS PER YARD OF VARIOUS THICKNESSES.
One cubic foot weighing 480 1bs.

_—— .



10 WROUGHT IRON AND STEEL.

WEIGHTS PER YARD OF VARIOUS THICKNESSES.

One cubic foot weighing 480 Ibs.




TABLES OF DIMENSIONS. 11
PSR W |

PENCOYD

>C*
EVEN LEGS.

£l 8|8 (% |% |% |%
g - & 2 2 . 2 @, WEIGHT
a1 S | 2 | g | B | EE | EE | rmmovamo,
P2 | |25 25| E |
) B 2| & (= 3 £

A B D E o] F
0|4 | 4 | % | &% | & | ¢ | 86.5Ds
1 34 3% s 3 s 4+ 31.0 1bs.

2 | 3 3 3 | 48 | & | + | 26.0lbs,

| 2% | 2 | 43 |48 | 43 | 38 | 19.51bs.

74 | o2y | o | 4 | 43 | 4 | 43 | 17.521bs.

W | 2 | % | % | & | % | & | 11.751bs
% | 2% | 2% | % | & | 3 | 5 | 12.01bs.
w2 |2 | % | & | 3 | # | 10.5lbs
| 13 | 12 | % | % | & | 4 | 7.1l
™ | 13 | 14 | & | % | & | + | 6.0lbs.
80 | 1% | 1 | & | % | & | & | 4.5Ibs.
81 | 1 | 1 | & | & | 8.0ls
82 | 8 | 8 | & | ¢ | & | ® | 19.31bs
8 | 8 | 8 | # | 45 | # | o | 22.61bs,

Weights of these sections cannot be varied.



12 WROUGHT IRON AND STEEL.

-
3
TEES.
——
UNEVEN LEGS.
£ )¢ |8 |5 |5 |5 |5
E ; ‘5 § s § $ g g % E, WEIGHT
E g :'éo E g 5 § g % 5 % PER YARD.
(3} B mo | & = E E
A B D E C F
9 | 4% | 8% | 3 1 3 44 .5 lbs.
91 | 4 83 | i 3|y | § | 41.8Tbs,
2 |5 24 § 3 Ve | 1% |_80.7lbs.
98 | 5 | 2 | ¢ | 4 | ve | & | 83.0lbs.
9 | 4 3 1 i 4 & |2 25.9 lbs.
5 | 4 | 8 | % | A | f | & | 22l
96 4 2 i 5 & % |_R0.41lbs.
9T |8 | 81 | s | 4 | f5 | b | 28.251bs
98 | 3 2% 3 e 3 g 23.8 Ibs.
9 | 3 13 U S ¥ 1 11.2 lbs.
100 | 2% 1} n 1 1 B 9.11bs,
101 |72 | 1+ | 3 n 1 s 8.75 lbs.
102 | 2 1 1 1 by T 7.0 lbs.
103 | 2 IR P | ¥x 5.88 Ibs.
102 | 2 1| 8 | M [ 3 3 | 18.751bs.
1056 | 2% | 2 | + | 3% | & | § | °1.0lbs,
106 | 5 3% 3 ¥ | 71| 484 Ibs
07 | 5 | 4 3 3 ¥ 15 | 44.11bs.
108 | 28 | % 1 T | 1 6.5 Ibs.
109 4 4} I 195' 114; i‘ 38.5 1bs.
110 |8 | 2y | | % | 5 | % | 17.61bs
111 . 3 Z'} $ 14 ]1}; $ 20.6 lbs.

Weights of these sections cannot be varied.



TABLES OF DIMENSIONS. 13

PENCOYD /\ ANGLE COVERS.

WEIGHTS PER YARD OF VARIOUS THICKNESSES,

One cubic fobt weighing 480 lbs.



14 WROUGHT IRON AND STEEL.

SIZES OF PENCOYD BAR IRON.

—
FLATS.

$ x 4 inchesto i inches. | 24 x 13 mchesto2 mches.
1 x § o« “ ot x & 1%
18 x 3} 6 1 ¢ 2\} x + o« 2 ¢«
s x 4 “ 1 “ 2 x &« 2t ¢
1* X * ““ 1 “ 2*8 x ]i “ 2* €«
1_'35 x ﬁ_ 6 1 113 3 x % ‘“ 2* ¢
1.11{ X * ““ 1 13 3* x 1; “« 8 “
] X L 13 1 113 3& X ¢ 2 3
1% X é_ [ 1 6 3 X i “« 2 3
13 x * 1 13 ¢ 4 x “« 83
lﬁ‘ X % “« 11]K 1] 4* X i “ 9 e
1116 X *é‘ ““ ]IJ‘,, “ 5 x € 3* “«
1* X .} 13 1% 133 6 X i, . 38 c«
118 x i < 15 « 7 x « 3 e
1% x “  LE ¢ |8 x S
ln x * 113 1% 113 9 x “« 23 ““
hx g o« 1} o« 10 x i « g} «
2 X g 6 1.1‘_ 13 11 X i . 2* “«
2£’ x 1 6 211',_ 6 12 X ““ 2* .
2 X i. € ll' ““

SQUARES.

i”’ 136“’ &" *‘k”’ %”’ *1”’ %”’ %“l 1," 11‘5”’ 1%”’ 11%;“’
W, 1, 1, 1, 13,18, 9, 24, 28, 24, 87, 8y,
81",8%", 4" and 4}".

ROUNDS.

. i%” ‘gl“ i” 33_”' q 11 n}n ae/r %QH,‘& éi” *bn'
O PTPLTIPUPT RO PO PN TURT TR T

87, 83, 17, 197, 1467, 187, 1, 104 s 1%, 1«'.‘4‘”,
11" 145, 11‘%" 13, 135", 17, 1", 13", 13", 11",
27, 2k", %", 23", 24", 28", *%", 2§, 8", 8}", 8}", 8%", 3&", 38",
83", 8", 4", 41‘;", 41", 43", 4", 48", 4}". 4", 5", 581", 5¢", 6%,
6,6 and 7",
HALF ROUNDS.

Q i”,i”, 1&”, 1'}”7 1%”) 2:,’21':/’ 2'}71, 21:/’ 3", 3{‘” and3*”.



MISCELLANEOUS SHAPES. 15

Two grades of iron are manufactured, known respectively as
“Pencoyd Refined” and ¢ Pencoyd High Test,” the former for
all ordinary requirements, the latter for tension members of
structures and all purposes where a uniform iron of high duc-
tility is required.

10 x AREA IN INCHES — WEIGHT PER YARD IN LBS.

In any rolled section of wrought iron, the weight in lbs. per
yard, is precisely equal to ten times its sectional area in square
inches.

Consequently, either value being known, the other can be in-
stantly obtained.

AXLES.

%7

-
~
Y
-_,Igg; .
1 3>

3

L:’ﬁ
>

, 1 =

I a3

”
N Gaugeof Track4-8% |
MASTER CAR-BUILDERS’' STANDARD-AXLE

Hammered or rolled axles of iron or steel, centred and
straightened with journals forged or rough-turned, made to con-
form to specifications and tests.

STRUCTURAL WORK.

The fitting, punching, and riveting of structural work exe-
cuted, and iron castings furnished to order.



16 WROUGHT IRON AND STEEL.
MISCELLANEOUS SHAPES.

CAR BUILDERS’ CHANNEL.
Chart No. 33.
‘Weight per yard = 50 to 55 lbs.

TEN-INCH BULB PLATE.
Chart No. 68.
Weight per yard = 62 lbs,

MINERS’ TRACK RAIL.
Chart No. 190.
‘Weight per yard = 25 lbs.

SPLICE BAR FOR MINERS TRACK RAIL.
Chart No. 191.
‘Weight per yard = 5.2 Ibs.

SLOT RAIL FOR CABLE ROAD.
Chart No. 192,
Weight per yard = 26 lbs.

HALF OVALS.

Chart No. 193 = 4.8 bs. per yd.
Chart No. 194 = 4.8 Ibs. per yd.

Channel Rail. Chart No. 195 = 8.5 lbs, per yard.

GROOVED BARS.
Chart No. 196 = 8.4 to 14.7 lbs. per yard.
i 197 = 18 5 to 21.0 lbs. per yard.
o 198 = 20.9 to 84 5 lbs. per yard.




STRENGTH OF WROUGHT IRON. 17
STRENGTH OF WROUGHT IRON.

The tensile strength of rolled iron varies according to the quality
of the material, the mode of manufacture, and the sectional area
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
80,000 Ibs., and will stretch 20 per cent. in & length of 8 inches
when tested up to rupture.

It is, however, 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 1} square inches area.
II.—Bars from 14 to 4 square inches area.

IT1.—Bars from 4 to 8 square inches area.

For which experiments give the following figures as average
results.

LSS, TENSILE STRENGTH | ELASTIC LIMIT | ELONGATION IN
) PER 8Q. INCH. PER 8Q. INCH. 8 INCHES.

L 53,000 1bs, 83,000 Ibs. | 25 per cent.
1. 50,000 80,000 ¢ 2 ¢«
I 48,000 « 28,000 « 18 ¢« «

These, however, are only general conclusions, 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 thezspeciﬁca.tions of the leading railroad companies.



//

18 WROUGHT IRON AND STEEL.

S@

2 |ZE [sE |wvd
S1ZE' AND SHAPE oF gf-g ggfl; 'ég%‘; 8-

Bax. $45 |98 |OF% |8k

Ex |55 |55 |R%E

2= |23 %8 |MeE

pa |R= M
One-inch rounds. |52,210(32,150| 26 | 89 |............ cee
Two-inch rounds. (50,985(31,800| 19.8 [ .... |....cccvne.....
Four-inch rounds. |48,220'26,640| 18 coee | eeias PR
Four-inch flats, 51,000,30,000 20.7 | 81 (2 to1} in, thick,
Eight-inch flats. 149,500 81,500 16 .... |# inches thick.
Twelve-inch flats. |49,080'81,560| 15.5 | .... |3 inches thick.
Three-inch angles. {49,000 30,500 17 )
Six-inch angles.  49,16080,150| 18.1 | .... |...coeuveennn..
Flanges of beams. |51,84081,560/ 20.1 | .... |..cevvvueeen..s
Webs of beams, 50,130]‘30,150 B T

COMPRESSION.

The power of wrought iron to resist compression is usually
taken asequal 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
beam becomes very considerable. But in the form of struts and
columns, when the piece becomes of considerable length in pro-
portion to its cross-section, failure occurs by bending, or com-
bined bending and crushing., (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 hereafter de-
scribed would denote.

With pressures varying from 25,000 to 35,000 lbs, 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

. —



ELASTICITY OF ROLLED IRON. 19

100,000 lbs. per square inch the permanent reduction of length
is about 8 per cent. 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 elastic limit, varies more extensively than
any other property of rolled iron. Experiment shows a 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 elastic, would cause the iron to
double its length under tension, or to shorten its length one-half
under compression, and return to its original length when re-
leased from stress. This modulus is usually assumed at 29,-
000,000 1bs. In large sections of properly prepared material the
tensile elasticity probably averages a little over this, and the
compressive elasticity a little 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,
given hereafter. '
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WROUGHT IRON AND STEEL.

" Two pieces of $-inch square iron cut from same bar.
Measured length of each specimen = 12 inches.
Area of each specimen = .5566 square inch.
Pressures in 1bs. ; change of length in inches,

TENSILE TEST.

CoMPRESSIVE TEST.

Elongations. Reduction of length.

PresenrePer| Loasdon. | Losdoff. [FTESWePer) oadon. | Load off.
5,000 .002 .000 5,000 .002 .000
10,000 .0045 .000 | 10,000 - .0035 .000
-15,000 .0065 .000 | 15,600 .005 .000
20,000 .0085 .000 | 20,000 .008 .000
22,000 .010 .000 | 22,000 .007 .000
24,000 .0105 .000 | 24,000 .008 .000
26,000 .0115 .000 | 26,000 .009 .000
28,000 .012 .000 | 28,000 .0095 .000
80,000 .013 .000 | 80,000 .010 .000
82,000 .0135 .000 | 382,000 011 .000

34,000. .0145 .000 | 84,000 .020 _ .0035

86,000 .0155 .001 86,000 .023 .0045
88,000 1715 .1495 ,000 .027 .010
40,000 .3835 .3605 | 40,000 .107 .089
50,000 1.326 1.2945 | 50,000 .272 .246
53,820 3.093 | ...... 60,000 .464 .435
70,000 .671 .639
Specimen broke with 53,820 ,000 [ .845 .814
Ibs. per square inch. 90,000 1.074 1.042

Stretched 8.093 in 12 in.
¢ 2.187in8in. | Modulus of elasticity
¢ 27.8 per cent. in 8 in. = 85,300,000 1bs.

Fractured area = .8364

Modulus

of elasticit;
=27,

0,000 1bs.




ELASTICITY OF ROLLED IRON.

Two-pieces of 3-inch round iron cut from same bar.

Measured length of each specimen = 12 inches.
Area of each specimen = .449 square inch.
Pressure in lbs. ; change of length in inches.

21

TEeNSILE TEST.

CoMPRESSION TEST.

Elongations. Reduction of length.

P ':;s"':;gl?er Load on. | Load off. P'e‘i;s'l"';glfer Load on. | Load off.
5,000 .002 .000 5,000 .002 .000
10,000 .004 .000 | 10,000 .005 .000
15 000 .056 .000 | 15,000. .007 .000
20,000 .0u8 .000 | 20,000 .010 .000
22,000 .009 .000 | 22,000 .011 .001
24,009 .010 .000 | 24,000 .012 .002
26,000 .0105 000 | 26,000 013 .008

28,000 .011 000 | 28,000 .015 .0045

80,000 .013 000 | 30,000 02156 .0065
82,000 .014 400 | 82,000 0225 .007
84,000 .015 002 | 84.000 L0275 .009
86,000 .022 007 | 386,000 .040 .019
88,000 .416 399 | 88.000 052 .036
40,000 544 .523 | 40,000 .133 114
50,000 1.740 1.707 | 50.000 .801 .283
51,600 2.468 | ..... 60,000 427 .402
70,000 .546 521
Specimen broke with 51,600 | 80,000 .0663 .635
Ibs. per square inch. 90,000 it .42
Stretched 2.468 in 12 in. 100,000 .896 .862

¢ 1.81in 8 in.
¢ 22.6 per cent. in 8 in. | Modulus of elastlclty
90,000 1bs.

Fractured area = .297 sq. in.

Modulus of clasticit;
= «{:)0 0 Ibs
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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 & condensed average.

TENSILE TESTS.

§ £y g | %% g
2% =) £ ol
MoDE OF MaNv-| % 8 8' gs oy oz
FACTURE g 23 Cln § S 23
' 3 | f=s | 22 | 83| £
@ ) =] = =
Single rolled..| 3x1 | 50,600 | 23,600 | 29 |28,200,000
Double rolled..| 8x1 | 52,500 | 80,100 | 82 | 27,885,000
Single rolled..| 5x1} | 49,800 | 26,100 | 21 | 27,930,000
Doublerolled..| 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.

MobuLus orF
EvrasTic LimiT,
ELASTICITY.
‘Wrought iron in compression ...... 27,500 29,00,000
Wrought iron in tension........... 81,600 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 formule, 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 fact.

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

TORSION.

The resistance to twisting 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 : 7' =
1.57 8r°. r = radius of shaft in inches. & = shearing strength
in 1bs. per square inch. 7' = the torsional moment in inch lbs.,
or the force in lbs. multiplied by the leverage in inches with
which it acts.

In practice, however, torsion is usually accompanied by behd-
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, etc., 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 carbon in the
steel, the higher will be its tensile strength and the lower its
ductility,. The following list exhibits the average tensile re-
sistances for steels having given proportions of carbon:

TENSILE STRENGTH IN POUNDS PER
SQUARE INCH. DucTiLITY.
PERCENTAGE
OF CARBON.
ULTIMATE ULTIMATE ELONGA-
TENACITY. Erastic LIMIT. | 110N IN 8 INCHES.
.10 60000 86000 26 per cent.
.15 66000 40000 24 “
.20 74000 45000 22 ¢
.25 82000 50000 20 “
.80 90000 " 55000 18«
.85 100000 60000 16 «
.40 110000 65000 14 ¢

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, as 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
coldest water from a red heat.

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

When the carbon 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 usually harden
sufficiently to cut soft iron, and maintain an edge.

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

The modern tendency is to limit the use of steel for structural
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 ductility of not less than 25
per cent. in 8 inches. The test piece to be heated to & 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 cracking.” 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 an 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 a curve of which the
diameter is not more than three times the thickness of the piece
tested. For a cold test without hardening, the material 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 lbe., providing the bending tests are satisfactory, and the
welding property is unimpaired. It requires about .12 to .14
carbon steel to 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 compara-
tive resistance of these materials in the form of struts. The
*“mild steel” had an average carbon ratio of .12 per cent., and
the ¢ hard steel ” an average carbon ratio of .36 per cent. The
average strength and elasticity of wrought iron is inserted for
the purpose of exhibiting the characteristics of the steel and
iron. As in the case of the steel, the several values given for
iron are the results of a few special experiments.

TENSILE STRENGTH IN
Lps. PER SQUARE INcH, | DUCTILITY.
MobuLUs oF

MATERIAL. ELAS’{‘ICITY IN
BS.
ULTIMATE Erastic |ELONGATION IN
TENACITY. LiMiT. 8 INCHES.
Iron.........| 51000 81000 | 19 per cent.| 28100000

Mild steel....| 64000 89000 | 24 29800000
Hard steel...[ 100000 56700 | 18 29280000

From the same material thc following results for compression
were obtained.
COMPRESSIVE RESISTANCE.

3 M
Mirmma  (Bamg Loar i Ll Yonuros or
Iron.....coeevvennnen 29500 27090000
Mild steel ............ 87400 24760000
Hard steel............ 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 8 feet
to 20 feet in length. For the purpose of making a compact ex-
hibit of the resistance of beams of various lengths and cross sec-
tions, the results of the experiments were condensed to the
method of the ensuing table, in which ’

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

__ bending moment x depth of beam |
Ror B = 2 x Inertia

Weight x cube of length

E = 8% Tnertia x deflection

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

MATERIAL. R Ry E
IPOD «oeeeeneennnnn. 44700 Tbs, | 81000 Ibs. [27600000 lbs.
Mild steel ........... 52800 « | 89500 “ (29700000
Hard cteel........... 80200 ¢ | 54500 ¢ |27200000 ¢

As is well known, the elasticity of iron is so variable and
uncertain, 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 83 millions, and transversely
the modulus of elasticity varied from 23 to 83 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 :

CARBON PERCENTAGE. | INCREASED Srnn?;-;:“o;lﬁ-;?n OVER WROUGHT
.10 20 per cent.
.15 8 «
.20 60 «
.25 65
.80 80

The experiments do not show that steel of any grade is stiffer
under working loads than wrought iron. Therefore beams of
either steel or wrought iron having uniform lengths and cross
sections will deflect uniformly under equal loads, below the elas-
tic 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 stiffness is alone con-
sidered, steel probably possesses a torsional 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 formule for iron shafting can be used, substitut-
ing a shearing resistance equal to 3 of the tensile strength
of the steel, in place of that given for iron in the article on
Shafting. 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 importance in determining the strat 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 of length
to least radins 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 exhlbltlng the compmtlve resistances per
square inch of section for flat-ended struts of iron, mild steel,
and hard steel, and for further particulars of the subject refer
to the article on Struts, given hereafter.

1t is quite probable that grades of steel intermediate 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 are denser than iron. A number of tests
we have made for specific gravity show rolled bars of mild steel
to vary from 7.34 to 7.83, and hard steel from 7.81 to 7.85
specific gravity. Ordinary iron bars will vary from 7.6 to 7.8.

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

Material. ‘Weight per cubic foot. Weight per cubic inch.
Mild Steel. ........... 489.0 lbs. .283 1b.
Hard Steel........... 486.6 ¢ 2815
Iron........c.e. eee..4i8.83 .2768 ¢

Or for the same sectional areas, the excess in weight over iron
will be, for mild steel 2.24 per cent. and for hard steel 1.7 per
per cent,



FLAT-ENDED ST

ULTIMATE RESISTANCE IN POUNDS PER S8QUARE INCH OF

SECTION.
LeENeTH DIVIDED MiLp STEEL. HARD STEEL.
BY LeEast Raprus IRoN,

OF GYRATION. .12 CARBON. .36 CARBON.
20 46000 70000 100000
30 43000 51000 74000
40 40000 46000 62000
50 83000 44000 60000
60 86000 42000 58000
70 81000 40000 55500
80 32000 38000 53000
90 30900 36000 49700

100 29800 34000 46500
110 28000 8200) 43200
120 206300 30000 40000
130 24900 22000 36700
140 28500 26000 83500
150 21750 24000 30700
160 20000 22000

170 18400 20000 25500
180 16800 18000

190 15850 14200 21000
200 14500 14800 19000
210 18600 13600 17200
220 12700 12700 15500
230 11950 11950 14400
240 11200 11200 13400
250 10500 10500 12400
260 98 0 9800 11500
270 9150 9150 10600
280 8500 8500 9700
200 7850 7850 9000
800 7200 7200 8500
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RESISTANCE TO BENDING.

‘When wrought-iron beams are subjected to bending stresses,
the resulting deflections increase nearly in direct proportion to
the increase of load, up to the limit of elasticity 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
increase 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.
It is probable that if the load was left long enough on the beam
at this stage 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
ultimate stress as can generally be observed in tensile tests,
The length of the beam, and probably other conditions, such as
position of load, etc., 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 offéred 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 occur at the top and bottom of the beam, could be readily
calculated as follows:

For any rectangular section loaded in the middle § = g_;%lv"
for a beam 1 inch square and 12 inches long, S = 18 W, or in
general terms for any symmetrical beam, under any condition of

Md

load, S = 57
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8 = maximum fibre stress. w = load.
b = breadth of beam. ! = length of beam.
d = depth of beam. M = bending moment.

I = moment of inertia about the neutral axis at right angles to
the direction of pressure.

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

It seems probable that the fibres nearer the axis, by means of
iateral 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, etc.

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

We adopt 42,000 as the modulus for ultimate transverse
strength of I 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 accompanied 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 ultimate strength of the beam as the working basis, instead of

3

A
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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 & 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 are 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 STRESS.

Quiescent load, subject to little or no viora-
tion as in light roofs, cte.

REATEST SAFE LOAD.

1 of ultimate.

no sudden application of the maximum
load. Such as lateral bracing of bridges,
roofs carrying shafting, ete.

4 of ultimate.

When maximum loads are suddenly ap-
plied.

‘When maximum stresses are suddenly re-
versed in direction.

6
Fluctuating loads causing vibration, but}

$ of ultimate.

L 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 to or nearly to the elastic 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, after
the elastic limit is passed, the beam generally exhibits much less
deflection 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 formule most gener-
ally accepted are based upon a maximum fibre stress obtained as
follows: S= # M = bending moment. d = distance from
neutral axis to farthest edge of section. 7= moment of inertia
about the axis passing through the centre of gravity at 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, S = 42,000, as in symmetrical beams, results harmonizing
with experiments are obtained.

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

Deck Beams —J;{—j = S =42,000.

uniform thickness.
Notation as for equal flanged beams.

Tees and Angles of equal legs and } _2_ = S = 45,000.

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 (}) of the ultimate strength of the
beams, and are correct for the corresponding sectional areas
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given. The several values are obtained by the methods described
on page 88, 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 lateral flexure when the unsupported length is considerable,
But in a solid beam the parts in tension sustain the parts in com-
pression rigidly, and prevent the buckling which would other-
wise 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 reduced one-half.
This will give safe loads, corresponding to given lengths as fol-
lows:

BEAMS WITHOUT LATERAL S8UPPORT.

LENGTH OF BEAM. PROPORTION OF TABULAR LOAD FORMING
GREATEST SAFE LOAD.
20 times flange width. Whole tabular load.
30 €’ [ ‘" 1‘%’_ (g “
0 « o« o« & e«
50 “ 3 ‘- _’1‘)_ g g
6.’) ‘“ “ L3 _'fli)_ ‘ 3
70 6« 3 “ 1.5"_ ‘« “

The safe loads for any other length, not given in the tables
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can readily be found by simple proportion, remembering if the
span is very short to limit the load to that given in col. xiv,
pages93-97, headed ‘¢ Maximum load in tons.” 1f beams of any
sectional area not given in the tables are used, the strength can
be found as described 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 89.

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 tables. If the load is
placed out of centre on the beam, it will bear the same ratio to
the load at the centre that the square of half the span bears to
the product of the segments of the beam formed by the position
of the load.

Ezample.—A 15-inch 200 1b. I beam, 16 feet between sup-
ports, will safely carry an evenly distributed load (by the tables)
of 26.5 tons, 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

load will be 1320%64; = 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 33 times this; there-
fore the greatest safe load will be a little less than % of the
results in the example.
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If the beam is exposed fo much vikration, or the action of
moving loads, etc., reduce the tabular loads, as previously de-

scribed on page 84.

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

CHARACTER OF BEAN.

GREATEST SAFE LOAD.

DEFLECTION.

Fixed at one end, with the
load concentrated at the|
other end.

One-eighth (1)
of the tabul&p:rt
load.

Three and one-
tifth (84) times
the tabular de-
flection.

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

One-fourth (4) part
of the tabular
load

Two and two-
fifths(2$)times
the tabularde-
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 tabular
deflection.

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

One and one-half
(1}) 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
(13) times the
tabular load.

One-sixth (}) 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 tables of safe loads. By
“rigidly 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 connection would not be severed if the beuin
was exposed to its ultimate load. In this case, 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-
cedingtable. 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-
ceed 5 of an inch per foot of span, or yiy part of the span.
A heavy black line is marked across, or partly across, each page.
All beams below thesa lines will deflect in excess of this limit;
those above the line are safe to use.
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15"

PHNCOYD BHAMS.
12”

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 beam.
For a load in middle of beam, allow one-half the tabular figures.
Detiection for latter load will be &; of the tabular defiection.

8 '8:!3‘3 bk Rkik Bk anm.r.c'noss FOR 12 BEANS.

ki BB k2%

. CHART :
NUMBER. 1 1 2 2 i 3 ‘ 3 | 4 4
—_— 8
s:f{nl(;l"c[l?:;x 15 | 157 | 15" ! 15/ 2 127 | 127 ’ 127 | 127
Ll
Wr. PER YD. 5 = | &
IN LBs. 233|A00 201]140 e 194’168']68'120
— an
MOMENT OF » - H = .
INERTIA. 743.6 626.6 | 521.2 E 403.5| 372.0 324.6'2;2.9
Sl
K
GREATEST SAFE LoAD. g GREATEST SAFE Lojp.
10 || 46.29] 42,44 38.98' 22.10] 11|[ 31.6' 28.08] 25.24] 21.22
11 || 4208 38.58| 85.42 22.10| .13|| 28151, 26.30, 22.95| 19.29
12 38.57| 35.37| 32.47 22.10| .15]( 26.13 24.11| 21.03| 17.69
13 35.61{ 32.65| 29.97| 22.10| ,18 24.12| 2.25| 19.42| 16.32
. 14 33.06| 30.31] 27.83) 22.10| ,21{| 22.40, 20.67 18.03{ 15.16
E. 15 80.86( 28.29, 25.97| 21.62) ,2¢ 20.01| 19.20! 16.83| 14.15
16 28.98| 26.53| 21.35| 20.27| .27|| 19.60, 18.08| 15.76| 13.26
E 17 20.23| 24.96| 22.92( 19.68| .30|| 18.45| 17.02| 14.85| 12.48
z 18 25.72( 23.58| 21.64| 18.02| 34| 17.42| 16.07| 14.02| 11.79
=] 19 24.36| 22.34| 20.51| 17.07| ,38|| 16.51| 15.23| 13.28| 11.17
20 23.14| 21.22| 19.48| 16.21| .42/| 15.68, 14.47| 12.62| 10.61
E 21 2.04| 20.21| 18.55| 15.44| .46/ 14.93| 13.78| 12.02| 10.11
% 22 21.04| 19.29) 17.71, 14.74) 51| 14.25| 13.15| 11.47| 9.65
23 20.13| 18.45| 16.94| 14.10| 5@/ 13.63| 12.58| 10.97| 9.23
1] 24 19.29( 17.68| 16.23| 13.51| .61/ 13.07| 12.05| 10.52| 8.84
© %5 18.52| 16.98| 15.58| 12.97| ¢g|| 12.54| 11.57| 10.10| 8.49
=]
[ 28 17.80| 16.32| 14.99| 12.47| 72(| 12.06| 11.18| 9.71| 8.16
S P14 17.14] 15.72| 14.43| 12.01] 77|| 11.61| 10.72| 9.35 7.86
14 28 16.53! 15.16) 13.91| 11.58] g3/ 11.20| 10.83' 9.01} 7.581
E 29 15.96| 14.63| 13.43| 11.18| gg|| 10.81| 9.98) 8.70 7.32‘1
30 15.43| 14.15 12.99! 10.81; .85|| 10.45 9.64| 8.41| 7.07|1
81 14,93 13.89| 12 57 1046 1.02/| 10.12| 9.33| 8.14| 6.85|1
32 |74 3.0 15 "63 9.80( 9.04| 7.89 6.6301
33 14.08| 12.86| 11.81 1.16/| 9.50[ 8.76| 7.65 6.43]1




TABLE OF SAFE LOADS.

PHNCOYD

10*11

10"

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 beam.
For a load in middle of beam allow one-half the tabular figures.
Deflection for latter load will be %5 of the tabular deflection.

BEAMS.
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CUART [
NUMBER. 5 5 & & 6 6 - 7 ' 7 | 8 ’ 8
[ | p—
Si1zE OF )
BeaM IN || 103"/ | 10§/ | 10§’ i 104’ } 1047 | 103”7 | 2 10’" 10| 10 | 10"
_IncuEs. g
"Wr. PER M
YARDIN || 161 l 134 | 185 | 108 | 109 89 | © || 187 | 112 | 106 | 90
Las. - e
MOMENT 1 Z i
OF 265.7\‘241.6'219.5 195.4 180.sl 162.3| S |/194.4 173.6(161.8{148.3
INERTIA. I | s I
GREATEST SAFE LoOAD. s GREATEST SAFE LoaDp
1 _
10 28.62| 21.49| 19.51| 17.37 16.03( 13.85| .15 18.14'16.% 15.08|13.84
11 21.47| 19.54| 17.74| 15,79 14.57( 13.11| .18(|16.49 14.73/18.71|12.58
2 19.68] 17.91] 16.26| 14.48 13.34( 12.02| .22)(15.12 13.50(12.57 (11,54
13 18.17| 16.58| 15.01] 13.86, 12.33| 11.09 | .23|[18. 95‘12 .46/11.60{10.63
14 16.87] 15.35| 18.94' 12.41] 11.45| 10.30 | .30(|12.9411.57|10.77| 9.89
.15 15.75| 14.33] 13.01] 11.58| 10.69 .61 .34(|12.09 10.80{10.05| 9.23
E 16 14.76| 13.43| 12.19| 10.86| 10.02( 9.01| .39{|11.84 10.18| 9.42| 8.65
g 17 13.90( 12,64 11.48| 10.22| 9.43| 8.48| .44 10.67| 9.53| 8.87| 8.14
B 18 13.12| 11.94| 10.84| 9.65( 8.91) 8.01| .49({10.08! 9.00| 8.38| 7.69
?_'1 19 12.48| 11.81] 10.37| 9.14| 8.44 7.59| .55|| 9.55! 8.58; 7.94| 7.29
20 11 81| 10.74] 9.75| 8.69| 8.01| 7.21| .61|| 9.07| 8.10| 7.54| 6.92
Z 21 || 1125 1023 _9.20| 8.27| 7.6 6,87 675 63| 7.72| 7.18| 6.59
ﬂ.‘ SE—— —
2 90 || 10.74| 9.77] 8.87] 7.90 7.28| 6.55| .74l| 8.25] 7.36! 6.8:| 6.29
g 23 10.27| 9.34; 8.48 7.55 6.97( 6.27| .81i| 7.89 7.04, 6.56| 6.02
24 9.84] 8.95 8.13 7.24 6.68| 6.01( .83|| 7.56| 6,75 6.28| 5.77
E 25 9.45( 8.60| 7.80 6.95| 6.41| 5.77 .95 7.26 6.48‘ 6.03| 5.54
c 2 9.09) 8.27] 7.51‘ 6.68 6.16) 5.54 (1.03| 6.98| 6.23 5.80| 5.32
P4 8.75| 7.96| 7.28. 6.48 5.94| 5.34|1.11|| 6.72] 6.00 5.59 5.18
8 8.43) 7.67| 6.97 6.20 5.72| 5.15|1.18(| .48 5.79 5.89 4.94
29 8.14] 7.41) 6.73 5.99‘ 5.58| 4.97(1.28(| 6.26 5..":9| 5.20| 4.77
30 7.87| 7.7 6.51‘ 5.79 5.34| 4.80(1.37|| 6.05| 5.40; 5.03 4.61
81 7.62| 6.43 6.29 5.60 5.16| 4.65/1.48| 5.85| 5.23 4.86 4.47
» 7.88 6.72| 6.09, 5.43 5.01 4.50|1.87|| 5.67| 5.06| 4,71 4.33
33 7.19| 6.51 5.QII 5.26| 4.86| 4.37(1.68|| 5.50| 4.91 4.57| 4.1%

I DEFLECTIONS FOR 10’ BEAMS.
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9'1

PENCOYD BEAMS.

[

Maximuom and Minimum sections of each shape,

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

Deflection for latter load will be 1% of the tabular deflection.
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TABLE OF BAFE LOADS.

PENCOYD

Deflections in inches corresponding to given loads for each rize of beam.

For a load in middle of beam allow one-half the tabular figures.

Greatest safe load in Net Tons evenly distributed, including beam iteelf.
Deflection for latter load will be 1% of the tabular deflection.
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5"
PENCOYD \———j BEAMS.

4"

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

Deflection for latter load will be & of the tabular deflection.
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3"
PENCOYD BEAMS.

Maximum and Minimum sections of each shape.

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

Deflection for latter load will be 1% of the tabular deflection.
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PENCOYD w CHANNELS.

12n

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 tabular figures.
Detlection for latter load will be 1% of the tabular deflection.




TABLE OF SAFE LOADS. 47

PENCOYD D\_i_j’l CHANNELS.

91!

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 tabular figures.

Deflection for latter load will be &5 of the tabular deflection.
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8'1
PENCOYD CHANNBELS.
7”

Maximum and Minimum sections of each shape.

Greatest safe load in Net Tons evenly distribated, including beam itself.
Deflection in inches corresponding to given loads for each size of channel.
For load in middle of beam allow one-half the tabular figures,

Deflection for latter load will be +&; of the tabular deflection.
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PENCOYD l 5" and 6 }rl CHANNELS.

8" and 4"

Maximum and Minimum sections of each shape.

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

Deflection for latter load will be Y5 of the tabular deflection. -
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12" and 11"

L_.___-__/’\
PENCOYD - —_ BEAMS.

10" and 9"

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 beam.

For a load-in middle of beam allow one-half the tabular figures.
Deflection for lutter load will be 1% of the tabular deflection.

CHART . o @ ®
Nowsee|| & m'w!cllelziwlozmm
< %) %] -
SIZE OF s AR
Bean || B | 12| 127| 1| ur | || 5 | 107 | 107 ‘ o | o
INCHES. X =2
WT. PER || & 3 & |
Yo.x || ¢ 138[104 us‘m B Rt 80 | 04| ™
LBs. = % o
MoM OF g g g
IneRoa || B 264‘9' 222.01 193.1 164.1) € || & 140.41 118.2\ 99.5]84.8
s 5 E NN B P
¥ | GREATEST SAFE Loap. | B ¥ | GREATEST SAFE Loap.
A allA
10 || .13| 20.59) 17.26| 16.41] 13.95| .15/| .16 13.11] 11.08' 10 32| 8.79
1 18] 18.72( 15.69| 14.92| 12.68| .18, .19 11.92| 10.03i 9.38| 7.99
12 1| .19 17.18] 14.38| 13.67| 11.62| .21!| .23| 10.92| 9.19 8.60] 7.32
13 || .22| 15.84 13.28] 12.62| 10.73 .25|| .27| 10.08| 8.48] 7.M4| 6.76
14 || 26| 14.71) 12.38] 11.72| 9.96| .29|| .31 9.36| 7.88 7.37| 6.28
. 156 1| 30| 13.73| 11.51( 10.94[ 9.30| .3%)| .38| 8.74| 7.35 6.88| b5.86
5 16 || 3¢ 12.87| 10.79( 10.28/ 8.72 .30\ .41| 8.19) 6.89| 6.45 5.49
m 17 (| .39| 12.11] 10.15] 9.65| 8.21| .44|| .46| 7.71| 6.49| 6.07| 5.17
B
18 || 44| 11.44] 9.59| 9.12| 7.75 .49|| .62| 7.28] 6.13) 5.73| 4.88
Z 19 || 48] 10.84 9.08| 8.64 7.34| .64/ .58| 6.9 5.81|"B.R 1.6
2 || .54 10.20| 8.63| 8.20| 6.97| .59|| .64| 6.55| 5.51) 5.16] 4.39
Z 20 || 5ol 9.80) 8.22 7.81 6.64 .65/ 71| 0.3 B.3| 4.91| 4.19
[V .
@ 22 1 5! 9.36 7.8 7.46| 6.34! .71/ .78/ 5.96| 5.01) 4.69) 4.00
g B || .71 8.9 7.50|7.15|"0.07 "¥7|| .88 5.70| 4.80| 4.49| 3.82
o M || .78 8.5 7.19| 6.84 5.81| 84| .93 5.6/ 4.60, 4.30 8.66
m B 51531 "0.00| 6.56| 5.58| .01/1.01| 5.2 4.41) 4.13 8&
5 2% || 92| 7.92| 6.64| 6.31 5.37 .99/l1.09] 5.04] 4.24| 3.97| 3.8
Z 20 || 99| 7.83| 6.39| 6.08| 5.171.07/1.18| 4.86| 4.08| 38.82 8.26
i 2 lhlo7| 735 6.16] 5.88 4.981.15|(1.27 4.68| 8.94| 3.69( 3.14
= 29 11140 7.10( 5.95 5.66| 4.81/11.23/11.38 4.52| 8.80| 3.56 3.03
30 |i1.22| 6.86] 5.75/ 5.47| 4.651.32!(1.48] 4.37| 8.67| 8.44| 2.93
31 1l3°30| 6.64] 5.57| 5.29| 4.50|1.41;1.55| 4.23| 8.56/ 8.33| 2.84
8 [/1'33| 6.43| 5.39| 5.13| 4.3611.50.1.65, 4.10{ 8.45] 3.22| 2.75
83 (1748 6.24) 5.23 4.97 4.231,0011.1o| 8.97| 8.34| 3.13| 2.66
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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 heavy load per unit of area may not require as strong 8
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 a general rule farther on. If brick arches
are 1aid between the beams, the weight of a 4" course of brick,
including the concrete filling, will be about 50 lbs. per square foot.

Within the limits of length 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 lbs. per square foot
Wooden floor and plastered ceilings = 110 « ¢ «
4" brick arches and concrete 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 allowance 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-
comfort 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 can occur, or adopting a
higher factor of safety, than given in our tables, for the actvsl
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loads. Floors proportioned as follows for given purposes will be
found satisfactory. The weight of the material may be included
in the figures.

CHARACTER OF FLOOR. LOAD PER 2Q. FT.

Very lightest floors, glank covering:.......... 100 lbs.
Very lightest floors, brick arches............. 150 «
Light warehouse floors...................... 200 ¢
Halls of audience...... .................... 200 «
‘Warehouses in which heavy pieces are moved. . 250 ¢
Shop floors for light machinery.............. 250 ¢
Shop floors for heavy machinery............. 300 to 500 Ibs.

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

»( _span® _
foot of floor (5 < depth 1bs, )

This is for a load of 150 lbs. 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
as the load varies, consequently the weight of iron for any other
required loading per square foot can be obtained by proportion
from above rule. Ezample.—A floor of 20 feet span is subject
to a load of 150 Ibs. per square foot. The weight of the iron

202

beams will be 5xi6 = 5.33 lbs. per square foot of floor, if 15"

e 1on 20
Beams are used, or if 12" Beams are used 5xi3= 6.66 lbs. per

square foot. To these figures add the weight ot ends built into
the wall, which should be from 6" to 12" at each end, according
to the span, ete. If the load to be sustained is 2350 lbs. per sq.
foot, on 15" Ibeams the necessary weight becomes as 150 : 250 ::
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 increased, 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 a 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 OF FLOOR BEAMS.

The following rule gives the greatest distance apart that.floor-
beams can be placed to support safely any given load 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 lbs. for
a beam of the size and length desirable to use. Divide this safe
load by the product first found, and the quotient is the greatest
distance in feet that the beams ought to be placed, center to
center. Or Distance = Safe Load

w L?
L = length of span in feet.

Example—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

. =1lbs. per square foot.

32430 _ 10.8 feet center to center. For 12 120 1b, I beams
20 x 150

21220
30 <160 = 7.07 feet, etc., ete.

The tables on pages 56-62 show the greatest distance apart,
center to center, that beams should be placed for a loading (in-
cluding the weight of the floor itself) of 100, 150, 200, or 250 1bs.
per square foot.
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The deflections of the beams which are given in the tables
will 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
undue deflection might be injurious, it is considered good prac-
tice to limit the deflection to about yi; of the span. When
the deflections exceed this amount, the corresponding loads in
the table are printed in small figures, When the deflection is
below this amount, the figures for the loads are in larger print.
The proper spacing of beams for any load is inversely propor-
tioned to the loads. Consequently the proper distance apart for
beams for any load per square foot can be easily obtained di-
rectly from the table as well as by the rule previously given.

Rule.—Multiply the distance given in the table by 150 and
divide by the number of lbs. per square foot required to be sus-
tained. The quotient will be the greatest distance apart for the
beams.

Ezample.—What is the greatest distance apart 8 65 lbs, 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
8.3 x 150

550 2.25

table the spacing for 150 1bs. per foot is 8.8 feet
- feet, the distance required.
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PENCOYD G %\ DECEK BEAMS.

Greatest distance between floor beams so that the bending stress on the
beam will not exceed its maximum safe load.



FLOOR BEAMS. 57 N
PENCOYD [% DECE BEAMS.
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PENCOYD BEAMS.

Greatest distances between centres of floor beams, so that the bending
stress on the beam will not exceed its maximum safe load.
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PENCOYD Y —

Figures in small type denote that the beams so placed will deflect more
than -4; of an inch for each foot of span.
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PENCOYD BEAMS.

Greatest distances between centres of floor beams, so that the bending
stress on the beam will not exceed its maximum safe load.
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PENCOYD BEAMS.

Figures in small type denote that the beams so placed will deflect more
than 4'; of an inch for each foot of span.
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PENCOYD {[_\__—_—_\Il BEAMS.
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TIE RODS FOR BEAMS SUPPORTING BRICK ARCHES,

The horizontal thrust of Brick arches is found as follows:
2
1.6 RWL = pressure in lbs. per lineal foot of arch.

W = Load in lbs, per square foot.

L = Span of arch in feet

R = 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 lbs. per
square inch of the least section of the bolt.

Ezample.—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 lbs. per square foot.
Then w = 937.5 Ibs. pressure per lineal foot of
arch. If one-inch screw bolts are used which have an effective
section of f; square inches. Then .6 x 15,000 = 9,000 lbs. which
is the greatest load the bolt should be allowed to sustain, and

3'3%2 = 9.6 feet = greatest distance apart of the bolts, or in
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 :

LATERAL STRENGTH OF FLOOR BEAMS.
The resistance to bending of any I Beam or Channel bar, for
a force acting at right angles to the web, or in the direction of

the flanges,

W= lLO—;, for I Beams.

W= ]§jl' 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, _
1 = Moment of inertia, axis coincident with web, see col.
viii., pages 92-101,

The above gives results which have been proved by experiment
not to exceed one-third the ultimate strength of the beams. The
formule given properly apply to beams secured at each end
only. If the beam is of considerable length requiring supports
at several points, it can be considered as continuous (see page
75), and the formul® become,

157
W= F for I Beams,
W= % for Channels.

Ezample.—A 9-inch 70 Ib. 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=15.6 (see col. viii., page 92). F=4} inches (see col. C,

page 2). Then W= 1z—i§4§2 = 8.4 tons or 1,130 Ibs. per lin-

eal foot of arch.

Knowing the amount of the load W and requiring the distance
151
W'F
sure or load on beam per lineal foot.

Example.—An 8" 43 1b. channel bar forms the end support
for a system of brick arches having a span of 4 feet and 4 inches
rise. How closely ought tie rods to be placed so that the chan-
nels will not be overstrained ? The horizontal thrust per lineal
foot, of arch = 15 X 190 X 18 _ 900 jy or 45 tons. 7= 2.17.

4
F = 2395.

L. Above equation becomes L* =

in which W' = pres-

o 12xoar

= Bxon 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 either an I beam or channel.

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

= E’f_p = safe distributed load for a non-continuous
beam.
W= 1 '41‘,14D = safe distributed load for a continuous beam.
And as before L* = 1':‘;4‘1)' 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 by a 4 x 4" x }" angle whose area=38.75
square inches.
o= 1A 3T X & 46,6 0r L=6.8 feet 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.

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

A
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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 lbs. per square foot. Therefore the weight of the triangular
mass of brick that the beam supports is found as follows :

8pun
span x %’— tn feet

5 x 10 times the thickness of the wall in inches

= weight in lbs.; or reducing above to its more concise form,
10¢s?
= 6 .
W = Weight in lbs, supported by the beam.
t = Thickness of wall in inches.
8 = 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.

Example—W hat 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 %" %56 _ 3.413 Ibs.

Considering the load asin middle of beam, it would be five-
sixths of above = 2,845 lbs., or 5,690 lbs. if evenly distributed.

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

If a wall has openings such as windows, etc.. 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 FORMULZ 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 strict 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 have been proved by experiment to be suf-
ficiently accurate for practical purposes. When the section of
any beam is increased above the standard minimum dimensions,
the flanges remaining unaltered, and the web alone being thick-
ened, the tendency will be for the ultimato 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 FORMULZE

Column I. indicates the cross section of the beam.

Column II. gives the ultimate load applied at the center of a
beam supported at each end.

Column III gives the ultimate load uniformly distributed overa
beam supported at each end.

Column IV. 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 load given in the tables is deflned on page 82.
One-third of this should be accepted as the greatest safe station-
ary load, and from one-fourth to one-sixth of the same when a
moving or fluctuating load is imposed, according to the way it is
applied, or the degree of stiffness required. See table, 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 lbs. per yard
is five square inches.
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ExaMPLES CALCULATED FROM PRECEDING TABLES.
SOLID RECTANGULAR SECTIONS.

Ezample 1.—To find the breaking load for any solid rectan-
gular beam loaded in the middle.

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

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

; 1.3 x8x4

10 =4.16 tons breaking

> i mula No. 1, we have
load in middle of beam,

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

Formula No. 2. 26_’;68.1;4 = 8.82 tons breaking load uni-
formly distributed.

Example 8.—To find the deflections for above beam under the
greatest safe loads; viz., one-third breaking loads.

Formula No. 8. 1.89 x 1000 = 0.386 inches, for a load of 1.39
80 x 8 x 16 ;
tons in middle.
Formula No. 4. 277 * 100 1"‘1’2 = 0.45 inches, for & 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.

A Let O be a hollow rectangular section, 4 inches wide,
N7 8 inches deep, external dimensions; 8 inches wide, 6
3 inches deep, internal dimensions; 15 feet between sup-
S/ ports.

Formula No. 5. 1.3[32 x 8) —(18x 6] = 12.83 tons, break-

o
iy

A
/Eﬂi/
222777 A

ing load in middle, and multlplymg this result by 2, we bhave
25.66 tons for the breaking load uniformly distributed.
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Ezample 5. To find the deflection of this beam with three tons
in middle; also with six tons distributed.

3 x 8375
Formula No. 7. S0T37 x 60— (18 <36)] = 0.24 inches de-

flection with three tons in middle.

6 x 8375
Formula No. 8. BL@3 x 64)— (18 x & 36) ] =0.8 inches de-

flection with six tons distributed,

SOLID AND HOLLOW CYLINDERS.

The preceding examples for rectangles will
§ @ apply to the circular sections by merely sub-
stituting the proper co-efficients as given in

Formulse 9 to 16 inclusive.

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.
L Weight, 87 lbs. per yard or 8.7 square

b inches section; 12 ft. between supports.
L | FormulaNo 18 29x37x2 345

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

Z

FEzxample 1.—To find the deflection of the above beam under
a load suspended from the middle of the beam.
Load = 1500 lbs, = .75 tons.

Formula No. 19. 3_4%5—?%_1?816 = .64 inches deflection.

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 generally yields better results by experiment.
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CHANNEL BARS.

Ezample 8.—To find the breaking loads for a chaanel bar
used as a beam supported at both ends.
% Channel bar 9 inches deep, 70 pounds per yard; 7square
inches section, 14 feet between supports. :
Formula No. 22, 3827 ® — 471 tons distributed
breaking load, or half this weight will be the breaking load in
the middle.

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

”

"T'l = 5.7 tons greatest safe distributed load.
5.7 x 2744 __ . .
Formula No. 24. B0 X Tx Bl 8.5 inches deflection.
I BEAMS.

Example 10.—To find the breaking loads for an I'beam,
loaded in the middle and supported at both ends.

A 15" I beam, 200 lbs. per yard, 20 square inches area,
2.1 x20x15
20
=381.5 tons middle breaking load; one-third of which
(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.

Ezxzample 11.—To find the deflections for the same I beam
under the above greatest safe loads. '
10.5 x 8000 ;
L 81, T m T =, f
Formula No. 31 56 % 90 > 935 33 inches under a load o
10.5 tons in the middle.
21 x 8000
Formula No. 32. 90 % 30 < 325
21 tons uniformly distributed.

= .41 inches under a load of

Although the preceding rules for I beams and channels give
results which are substantially correct for all the standard sec-
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tions as ordinarily rolled, yet they are not strictly accurate, and
not applicable to the heavier-built beams, whose flanges are
much larger, relatively to the web, than is the case in the aver-
age rolled beams. For such cases, the following formuls is

8.04' DI:“ 1.2ad _} eakingload in middle of beam.

A’ = Area of one flange.
¥ D' = Depth between centres of flanges.
> Ni @ = Areaof web.
d' = Depth of web.

For example, a beam 20 inches deep, flanges 8" x 1", web }"
.g"., thick, 20 feet between supports,
b

6.6 x8x19" +1.2 x 4.5 x 18
20
breaking load in middle of beam; whereas the Rule in
Table for Rolled Beams would give a similarly placed load of
) 2.1 x 20.5 x 20
20

correct.

=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.

Ezample.—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
isto 75.

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
calculated 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.

w w

2 3
A M\W\N c

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

load (or—) at its end.

EXAMPLES FOR CANTILEVER BEAMS,

A rectangular bar, 6" x 2", built into a wall and projecting
+2% eight feet. For load concentrated at its end, take one-
1 fourth the co-efficient in Table for Beams with both ends
6 supported and load in middle. I_l_i‘:_ms_x_(i
- ultimate load. Deflection under one-third of above, or say nine-

tenths of a ton; substituting one-sixteenth of the co-efficient for

8 x 512 —
T x 12 x 96 0.56 inches

=2.9 tons

deflection when load is in middle.

deflection at end.
& A 12-inch I beam, 15 square inches section, extends
!, 10 feet beyond a rigid support. For a load evenly dis-

12 tributed, take one-fourth the co-efficient for a beam
-+ supported at both ends, bearing a distributed load.
1.05 x 15 x 12

10 = 18.9 tons breaking load distributed.
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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

. s 5x1000 .
both ends with load in‘middle. 9B x5 x 1= 0.25inches
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-efficients
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.
6'3);'# = 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
same class of non-continuous beam. 360 <8 < 16 — 0.58 of an
inch deflection.

_ For a continuous beam bearing load in middle, take twice the
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co-efficient 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.

1t 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.
[£, however, the outer ends of a continuous beam 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
sectious ; the deflections being comparative figures for the same
loads.

KIND oF BEAM. Bi;e:ln;(:‘:g Deﬂgtion

Fixed at one end—loaded at the other....... % 16
Fixed at one end—load evenly distributed. .. } 6
Supported at both ends—load in middle..... 1 1
Supported at both ends—Iload evenly distrib-

L 2 %
Con@muous beam—Ioad in middle........... 2 Py
Continuous beam—load evenly distributed. .. 3 k13

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 co-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, change 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.

CO-EFFICIENT FOR
ULTIMATE LOAD.

CO-EFFICIENT FOR

KIND OF BEAXM, DEFLECTION.

Fixed at one end, loaded at|
the other.

One-fourth (}) of
the co-efficient of
table.

One - sixteenth
(+) of the co-
efficient of ta-
ble.

Fixed at one end, load
evely distributed.

One-fourth (1) of
the co-efficient of|
table.

Five - forty-
eighths (£) of
the co-efficient
of tables.

Both ends rigidly fixed, or|
a continuous beam,
with load in middle.

Twice the co-effi-
cient of table.

Four times the
co-efficient of
table.

Both ends rigidly fixed, or|
a continuous beam,with

One and one-half
(1}) times the co-
efficient of table.

load evenly distributed.

Four times the
co-efficient of
‘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 inertia.

FORM OF BEAM AND POSITION OF Mbt;‘d",',',:n l:ﬂ::ﬂ::;‘ Deflection.
LOAD. moment, stress.

Beam fixed at one end loaded at the
other :

FiG. 1

> at point of | at point of | at end of
support support beam
= WL. = W. _wLs

Draw triangle having A = WL.
Vertical lines give bending moments
at corresponding points on the beam.

Beam fixed at one end, load uni-
formly distributed :

1

> » at point of | at point of | at bind of
1 support support am

i I _ W g W _ WwL?
— =72 = 8EI

4 !
L0000 00

‘ Draw p:rabola having 4 = ';’ﬁ

Ordinates give bending moments at
corresponding points on the beam,

Beam supported at both ends, load-
ed in the middle :

/\ FIG. 3

\ at middle | at point of | at middle

> of beam support of beam

\ _ 'ﬂ‘ _ LV - ‘WL'
H i -1 -2 ~ 48Er
e -

Draw triangle having 4 = %

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

E = Modulus of elasticity.
I = Moment of inertia.

W = Total load.
L = Length of beam.

Maximnin | Maximum
FoRrM OF BEAM AND POSITION OF bending shearing | Deflection,
momment. stress.
Beam an‘gpoﬂed at both ends, load
aniformly distributed :
FIG.4
at middle | at point of | at middle
of beam support of beam
woo | W | we
8 Ny ~ 76.8EI
Draw parabola having 4 = %’
Ordinates give bending moments at
corresponding points on the beam.
supported at both ende, load
concentmueg‘:\t any point : ’ at point of
support
next to a
_ W
¥ at position | ~— Z ° | at position
| E g}ol:)nd of load
H ! _ Wab |atpointof| _a®?W
: . ; =L " | support | = SEIL’
L L i next to b
- a -...-@-.-. 1] ) Wa
- L - =7

Draw triangle having 4 = L;b .

Vertical lines give bending moments
at corresponding poiuts on the beam.
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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 inertia.

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

FIG.6

AN

L @ @ ....-.,

Draw (by 5) the triangles having vertices at C, D and E, the verticals rep-
resenting bending moments for loads w?!, w? and w3, respectively. Extend
FCto P, ¢Dto R, and HE to S, making each long vertical equal to the sum
of the bending moments corresponding to its position. That is, FP = FC
+FI+4+FJ GR=GD+ GL+ GK. And HS = HE+ HN+ HM. Verti-
cals drawn from any point on tke polygzon, 4 PRSB to A B, will represent the
bending moments at the corresponding points on the beam.

Beam rigidly secured at each end, and loaded in the middle. Or the inter-
mediate spans of a continuous beam, equally loaded in the middle of each
span :

A FIG. 7

-
T

PRI @ e -

Points of contraflexure at x, &, where Moment = 0. Distance of x from
either support = % Equal moments at middle and ends = WTL . Deflection
_ WL
T IRET

Draw a triangle having A = #’ and at ends draw verticals BB’, each

= 7—‘%' join BB’. The vertical distances between BB’ and the sides of the

triangle, represent the moments for corresponding points cn the beam.
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BENDING MOMENTS AND DEFLECTIONS FOR BEAMS
OF UNIFORM SECTIONS.

W = Total load. E = Modulaus of elasticity.
L = Length of beam. I = Moment of inertia.

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

FiG. 8

4

7 7
“-—-—- L —=>

Points of contraflexure 2, , where = 0. Dist of z from
either support = .21L.

Draw parabola having 4 = Z‘;—L— Draw verticals B, B’, each equal to

: % » join BB’. The vertical distances between BB’ and the curve of the pa-
rabola represent the moments for corresponding points on the beam.
Maximum moment at points of support = 1”’:

12

Moment at middle of beam = Zg‘

Maximum deflection at middle of beam = =720
807 2EI

6
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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 can be determined by tinding the maxi-
mum bending moment and proportioning the beam accordingly.
Equilibrium is obtained when the bending moment is equal to
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 the beam multiplied by
the leverage with which it acts. The ultimate moment of resist-
ance for & wrought-iron beam of symmetrical form is

42000 1 or 84000 I
4 depth a

d = depth of beam in the direction in which the force acts.
I = 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,

PO L 4

———d or 28000=

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

. Moment I
desired. The rule would thus be Co-efficient = 4 '

RULE FOR BEAMS BEARING IRREGULAR LOADS.

Find by the methods described in preceding article the maxi-
mum bending moment in inch-lbs, for the loads. Divide the
moment by the proper co-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 described 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.
Ezample.—An I beam 8 feet long is to be fixed at one end and
loaded at the other with 5,000 lbs. and carrying also an evenly
distributed load of 8,000 Ibs.” What size of beam should be used
80 as not to bz strained over one-third of its ultimate capacity ?

Moment for end load = 5,000 x 96 = 480,000 inch-lbs.
«  « Qistributed load = w —384,000 «

Total = 864,000

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

84’— = 28,000.
3
864000 . o I
S0 =0-8=3

By Column VIL., page 92, for a 12" 168 1b. I beam, 7=
871.98, which divided by 12 = 80.99; or a 15" 145 Ib. I beam,

g— =284.7. 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 described in Fig. 6 of
the preceding article.

Example.— A beam 20 feet long between supports, will carry
three loads, which we will call 4, B, and C.

A = 4,000 lbs. and is 4 feet from one end of the beam.
C = 6,000 lbs. and is 3 feet from the other end of the beam.
B = 5,000 lbs. and is 5 feet from C 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 C
Forload 4.. 12,800 , For load B.. 24,000 | For load C.. 15,300
“  B.. 8000 “  A..10,800 “ B.. 8900

“  ClE 3600 ¢ C.. 6400| ¢ A.. 2,400

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

The maximum moment at B = 41,200 ft.-1bs. or 494,400 inch-
Ibs. For one-fourth of ultimate strength co-efficient = 21,000.
494.400 I

21,000 =2.5= 7

By table on page 92, for a 12" 120 Ib. I beam g = 22.74, be-

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

12" 75 1b. channels EI = 28.6, would suit above purposes,

Nore.—The tables of elements, except where otherwise speci-
fied, are calculated for dimensions in inches and weights in lbs.,
consequently in examples of above character it is necessary to
ootain 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 relieved 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 correct, will give safe re-
sults for some simple forms of trussed girders, etec.

(1.) When the beam is subject to compression but is so con-
fined laterally that it cannot 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 lbs. 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 sec-
tion of required beam.

Ezample.—What I beam is required to span an opening of 80
feet, to be trussed 3 feet deep between centres in the manner
illustrated in Fig. 6, page 165? (this trussed beam carries a brick
wall which weighs 500 lbs. 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 each 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 calculations as the above, and
are sufficiently accurate for practical purposes. For I beam,

1.054 D= safe distributed

dividing co-efficient by 4 we have A

load =38.75 tons.
By trial we find for an8"” 65 1b, I beam

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 1} square inches for the compression, we
105 x 6 x 9 .
—5 = 8.78.
The 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 lateral 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

1.05 x 6.5 x8_

5 3.64,

have a section of 6 square inches remaining ;
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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.

Ezample.—A trussed girder of the form exhibited in Fig. 8,
page 165, is a box section made up of two channels separated with
flanges outward, and plated top and bottom. The whole girder
is 80 feet long and is loaded 1,000 1bs. per lineal foot. The com-
pression resulting from the trussing is 25,000 lbs. The structure
has no lateral bracing. What will be safe proportions for it, the
stresses not to exceed £ 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 lbs. evenly dis-
tributed. Trying 2 lightest 5"’ channels, each 2.27 square inches
section, separated 51" 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-

l
es, - =110, one-fifth of ultimate (by Table I,

5~ page 118) == 5,600 lbs. per square inch, or 5,600
x 4% = 25,200 lbs. safe resistance, which is
ample. Now proportioning the plates to resist

m the bending strain we have maximum bend-

- ——————
ing moments (see page 78), 120 XBIO ,000

The plates act with a leverage equal to the depth of the chan-
150,00
5

nel, viz., §"; = 30,000 lbs. tension on top or compres-

sion on bottom plate, which, allowing for 10,009 lbs. per square
inch, and allowing for loss by rivets, will require a plate 3"
thick.

(8) Taking the last example, if it was desired to 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 section only 5" deep would require a thickness of
8.8 inches, which is impracticable ; we have therefore to use deep-
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er and heavier channels, Trying §" channels separated as be-
fore 54 inches, with tlanges outward, and having radius of gyra-

tion for the pair around vertical axis = 8.4, L — 106 Safe load
r

w= 5,800 lbs. per square inch. As the compression is 25,000
1bs., there is required 4.3 square inches for this purpose. By
.52 x area x 8

10
found the area required to resist bending =12 square inches.
12 + 4.8 = 16.8 square inches for 2 ¢hannels, or the heaviest 8"
channels 80 lbs. per yard would be required.

By the same method we find 10" channels 68 lbs. 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 can 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 bracirg.

formula 2, page 68, =5 tons, from which is

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.,

SyuBoLS,

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

Columns III. to VI.—Details of the sectional areas in square
inches. The flangesbeing 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 7 and R have all been carefully calculated by
the formulm given on pages102-111, The tables
give the value of / for the minimum section
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 value of / 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 calculated
load in net tons for a beam of the given size and
section, one foot long, and is derived from the

wi 77

formula 8"~ I depth of beam”’
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 II.
to VL. can be found by dividing the correspond-
ing co-efficient in column XI. by the length of

the beam between supports, in feet.
Ezample.—The greatest safe load that can be evenly distrib-
uted on a beam 10 inches deep having a sectional area of 9.04

which gives re-

square inches and spanning 12 feet is 1:81-82'—4= 11.5 tons.
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If -the load 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 inertia for the increased section as described on page 106, and
. . _ oI

the co-efficient for a distributed safe load = opth of beam’
Example.—The 10" beam taken in last example, 9.04 square
inches area, is increased to 10.6 square inches secticn. The in-
ertia of enlarged section is found as per formul® cu page 106,
1.56 = (increase of area)1>2< 100 = (square of depth) _ 13.+148.8
(inertia, col. vii., page 92,) = 161.8 or moment of inertia desired.

Co-efficient for safe load = 161;"10"1* =150.5. Dividing this
co-efficient by the span in feet (12), gives 151—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 safest to limit the applica-
tion to beams secured 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 XII. and XIII.—Deflections.

The figures in the tables are the calculated deflections for
beams of the sizes and sections given, one foot long between
bearings and supporting a load of one ton. They are derived by

means of the formulse 4%2-[ = deflection for load in middle of

beam. Ny 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 lbs,, 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 lbs. is & fair average for this form of wrought
iron. See page 19.
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The deflection of any beam of the sectional area given in cols,
1V. to VL., and loaded within the elastic limit, is found by mul-
tiplying the corresponding co-efficient in cols. XII., XIII., by
the weight in tons and the cube of the length in feet.

Ezample.— A 12" I beam, 11.95 square inches section, 18 feet
between supports, carries an evenly distributed load of 15 tons.
Deflection = .0000063 x 15 x 13° = .207 inches.

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

WL P ..

T deflection in inches for load in middle.
Wi e -

5807 = deflection in inches for distributed load.

Ezample.—The 12" beam in previous example 11.95 square
inches area, is increased to 13.8 square inches. The inertia of
enlarged section is found as per formula, page 108.

1.85 (increase of area) x 144 (square of depth)

) =22.24272.86
inertia, col. vii., page 92, = 295.086, or moment of inertia desired.
. 15 x 18 .
flect; =__"7 Y =, .
Deflection 530 x 295.06 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 XIV.—Maximum load in tons.

There is & 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 erippling.

The maximum load can be placed on any beam shorter than
the length indicated, but must not be exceeded. It is obtairmed
by Gordon’s formula, taking 6 tons per square inch as the safe
resistance of wrought iron to crushing,
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W= 6dt d = depth of beam.
14+ e t = thickness of web.
3000¢? ! = d x secant 45° (* = 2d").

Example.-—An 8" 65 Ib. beam has a maximum load of 10.46
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 1"’ thick, then
maximum safe load becomes

W= 6’ x 8" x 115"

128
1+ 22 =172 tons,
(8000 x % ?)
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ELEMENTS OF PENCOYD BEHAMS.

8

I. IL IIL IV. V. VI VIL VIII.
AREAS IN SQUARE INs. ||MOMENT OF INERTIA.
Cuart|| S1ze ||WEIG'T
Nux- IN PER
BER. ||INcHEs.|| YARD.
Flanges| Web. | Total. ||Axis A. B.|Axis C. D.
1 15 200 11.86] 8.04| 19.90{| 682.08) 28.50
2 15 145 8.97| 5.58 14.55 521.19 16.91
3 12 168 10.66| 6.238! 16.89|| 3871.98 23.19
4 12 120 7.42| 4.53] 11.95 272.86: 12.22
5 104 || 134 9.57 3.87] 18.44|| 241.63| 19.00
b} 104 || 108 7.33| 38.50| 10.88/| 195.42| 12.45
6 104 89 5.91 8.03] 8.94|| 162.26 8.34
7 10 112 7.28| 8.94| 11.17|| 173.58 10.64
8 10 90 6.29) 2.75 9.04| 148.31 8.09
9 9 90 6.15| 2.92| 9.07|| 118.81 8.44
10 9 70 4.77 2.21] 6.98 94.44 5.59
11 8 81 5.58/ 2.56] 8.14 83.93 7.28
12 8 65 4.50, 2.03] 6.53 69.17, 5.02
13 7 65 4.17 2.411 6.58 49.78 4.15
14 7 || 52 || 8.84/ 1.80| 5.14| 43.08 8.43
15 6 50 8.16] 1.88) 5.04 26.92 2.15
16 6 40 2.91| 1.17 4.08 24.10| 1.80
17 5 34 2.13| 1.25| 8.88 13.40 1.21
18 5 30 2.06 .88 2.94 12.50 1.09
19 4 28 2.15 15 2.90 7.69 1.17
20 4 18.5| 1.34 .56 1.90 5.14 .49
21 3 23 1.7 .53 2.26 3.29) A7
22 8 17 1.87 34 1.1 2.66 .48
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BELEMENTS OF PENCOYD BEAMS,
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1X. X. XI. XII XIII. XIV.

RADII OF GYRATION. Eis Co-EFFICIENT FOR g,,

t3 8 DEFLECTION. = &

Ees 5

AxisA.BAxis C.D|| $3 % || Load in | Lond Die 55
5.86 1.20|(424.41|(.0000041|.0000025|| 43.20
5.98 1.08/{324.80| . 0000053 .0000033|| 22.10
4.69 1.17)1289.82/.0000074|. 0000046/ 88.63
4.78 1.01{(212.22||.0000101|.0000C63|| 22.22
4.24 1.19(|214.78|(.0000115|.0000072]| 22.13
4.25 1.07|(173.71|| .0000142|.0000089)| 17.71
4.26 .97|[144.23|1.0000171/.0000107|| 13.85
8.94 .98|(162.02||.0000159| . 0000099)| 23.68
4.05 .95|/188.43||.0000186|.0000116| 13.18
8.62 .96((123.21]!. 0000232 .0000145|| 18.53
8.68 .89(| 97.94(1.0000292(.0000183|| 9.94
8.21 .94/ 97.92(|.0000829|.0000205| 15.49
8.25| .88|| 80.70]|.0000399|.0000249| 10.46
2.75 .79!| 66.38]|.0000546|.0000341|| 15.69
2.89 .82|| 57.44|.0000640|.0000400(| 6.17
2.81 .65|| 41.87|1.0001025|.0000841( 12.77
2.43 .66{| 87.49(|.0001144/.0000715)| 6.50
1.99 .60{| 25.01(|.0002059|.0C01:87( 8.01
2.06 .80(| 23.88/|.0002206/.0001379| 4.86
1.68 .63|| 17.94).0008589|.0002243|| 5.12
1.65 .51)| 12.00|.€005366|.0003354] 3.03
1.21 .59|| 10.24(|.0008382|.0005239|| 4.11
1.25 .53|| 8.28]|.0010366|.0006479 2.34

5 5 Iszz IN INans.l =

ek b e ek g g
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ELEMENTS OF PENCOYD CHANNEHLS,

N b Jle
L = -
I II. 1L 1v. V. VL VIL VIIL
Crant!| Size ||WEie'r AREAS IN SQUARE INs. |[MOMENTS OF INERTIA
Num- IN PER

BER. ||INcHEs.|| YARD. |
Flangee| Web. | Total. |;Axis A. B. IAxis C.D.
30 15 148 6.50, 8.36 14.86] 451.51] 19.05
31 12 88.5 4.50| 4.24| 8.83|| 182.71 7.42
32 12 60 2.87| 8.07| 5.94|| 123.71 8.22
34 10 60 83566 2.43 5.99 92.08 4.29
35 10 || 49 2.67) 2.22 4:.89I 78.91 2.33
86 9 54 2.97 2.43| 5.40 64.34 .47
87 9 87 1.81) 1.91 8.72 43.65 1.81
88 8 || 43 2.28 1.97| 4.25 40.00 .17
39 8 || 80 1.84/ 1.62] 2.96)| 28.23 1.06
40 7 |4 2.30| 1.80| 4.10/ 29.51 1.1
41 7 26 1.88) 1.26| 2.64 18.46 .90
42 6 33 2.04| 1.25[ 3.29 18.87 1.46
4 6 23 ) 1.09] 1.18| 2.27 11.67 .59
45 5 27.8 1.69| 1.04) 2.73 10.29 .86
46 5 19 .91 .97 1.88 6.67 .87
4N 4 21.5 1.34 .81 2.15 5.16] .54
48 4 17.5 1.02( .78 1.%5 4.14 .41
49 3 15 .86 .66 1.52 2.03 .32
50 2% || 11.3 .69 .44 1.13 .80 .21
51 2 8.75 .65 .83 .88 .48 .08
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c\_____ [ . D
N
B

IX. | X || xIL x| xmr || xv. || xv. |[m || L
Rabu or || & nE‘; CO-EFFICIENTS FOR g sﬁﬁ E— o
GYRATION. Eg § DEFLECTION. o %5 o g: :z: E g
—_— | EaE N RCREL
Axio [Axie || B5E || Load in |Lond - || BE || EXE | & ||°&
A.B.C.D.|| O®A || centre. | tributed. b A E; 3
5.51/1.13 |280-94 .0000061|.0000088|| 40.64 .95! 15 || 80
4.55| .92! 142.11'/.0000151|.0000094|| 18.49 11012 1 81
4.56] .74 98.22[ .0000223(.0000139;| 9.14 .62 12 || 32
3.92| .84 8594‘ .0000298|.0000186|| 9.10 75] 10 || 34
8.89| .69 68.98| .0000374;.0000234| 7.25 .64/| 10 || 85
3.45| .68 66.73' .0000429].0000268|| 10.87 .67 91| 86
3.43| .59 45.27“ .0000632].0000395!| .38 .65 9 || 37
8.06| .71| 46.66 |.0000690|.C000431|| 8.77] .60‘ 81| 88
8.09| .60 32.94} .0000977|.0000611!| 4.79 .501 81| 39
2.68] .65 39.35' .0000925(.0000584)| 9.07 .65| 71 40
2.64) .58 24.61 [.0001495].0000934|| 3.42 48| T 41
2.36| .67 28.58; .0001501].0000938'| 6.50|| .66/ 6! 42
2.27 .51 18.16| .0002368(.0001477|| 5.24 46| 6 || 44
1.93| .56 19.21' .0002680|.0001675/ 5.92 61| b6 45
1.88) .45 12'45i .0004136/.0002585/| 4.86 42| 5 46
1.55 .50I 12.03| .0005349(.0003343|| 5.12 53| 4 || 47
1.54] .48,| 9.65|.0006667|.0004167,| 4.29 .45 4 || 48
1.16] .46/| 6.32.0013584|.0008490|| 8.49 b1l 8| 49
85| .48!| 8.33||.0034850(.0021470| .20/ .46 21| 50

14| .81 2.25' .0057230(.0035770|| 2.49 87 2| 51
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BLEMENTS OF PENOOYD DECK BEAMS.

Ut

L 1L III. Iv. V. VL VIL VIIIL.
’ AREAS IN SQUARE INs. ||MOMENTS OF INERTIA
CHART || S1zE ||WEIG'T
Nux- IN PER
BER. ||INCHES.|| YARD. |!
‘Fl‘ge Bulb.{Web.| Total. ||Axis A. B.|Axis C. D.
60 12 104 [3.59,2.893.90| 10.38]| 221.98] 9.33
61 1 91 [3.26(2.52(13.28| 9.06| 164.09 7.64
62 10 80 |2.87|2.19/2.96 8.02| 118.22| 6.18
63 9 7 ||2.502.062.61| 7.17 84.77) 4.92
64 8 61 ([2.17/1.852.09| 6.11 57.66) 3.63
65 7 52 |1.86/1.56/1.80| 5.21 34.40[ 2.59
66 (] 42 |1.52/1.28/1.38 4.18 21.95( 1.64
67 5 84 ([1.22/1.04[1.11] 3.37 12.04) .98
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IX. | X. ‘ XI. XII XIII XIV. XV.
RADII OF Eag CO-EFFICIENTS FOR g | <e E
GYRATION. g E % DEFLECTION, ;E ggg
wplen] 252 | e lomer| 5 | 33
4.62| .95 172.6]|.0000122(.0000078|| 18.50|| 5.24
4.25| .92\ 139.5).0000168|.0000105/| 15.72 4.68
8.84] .87!| 110.3//.0000233|.0000146(| 15.26{| 4.27
8.44| .83|| 87.9(|.0000325(.0000203|| 14.63|| 4.00
3.07| .77|| 67.38(|.0000478(.0000299|| 12.12/| 8.50
2.57] .71)| 45.8||.0000802|.0000501|| 11.30/| 3.20
2.29| .68/ 84.2|[.0001257|.0000785/ 9.03 2.65
1.89| .54|| 22.4{.0002291|.0001432(] 8.01)| 2.22

—
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(o]
ELEMENTS OF PENCOYD TEES.
A —x—B
d
EVEN LEGS.

I II. IIL. Iv. V. VI VIIL VIIL
= o%
8 ] MOMENTS OF RADII OF & Fa
g g . INERTIA. GYRATION. sgn:
# WSize ¥ IncHEs. Eg 555
: Ak e k| A | B
i B . B. . D. . B. . D. Qﬁ;
7014 x4 x 3| 36.5 5.26/ 2.55|| 1.20 .84f| 1.14
1 {184 x 84 x 15| 31. 8.47 1.70|| 1.06, .74/ 1.00
218 x8 x 43|l 26. 2.10 1.01 .90 .02 .90
78 |24 x 2} x || 19.5 1.12 .58 .18 .55 75
4 |2} x 2} x 3| 17.52 .97 .49 .75 .53 5
75 |20 x 2y x & 11.75 .52 .30 .65 .50 .61
76 |l21 x 21 x & 12. 54 27| .67 41| .65
|2 x2 x| 10.5 .38 .19 .60 .43 .60
78 |13 x 13 x f|| 7.1 .21 .10 54| .87 .50
7 |13 x 13 x % 6. 13 .08 .46 .32 .45
80 |1} x 1% x %] 4.5 .07 .04 87 27 37
811 x1 x| 8.0 .03 .02 .80 .26 .30
82 (18 x8 x 43| 19.3 1.59) .75 91 .62 84
8318 x8 x 43 22.6 | 1.83] .89 .90, .63 .86
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ELEMENTS OF PENCOYD TEES.
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UNEVEN LEGS.

101

"C—f-BPENCOYD TEES.

© © I CHART Nuxnn'
=

o o
[SCR )

94

101
102
103
104
105
106
107
108
109
110
111

II. 1L 1v. V. VL VIL || VIIL

8 MoMENTS OF RADI OF = Es;

2 INERTIA. GYRATION. SR

S1ZE TN INCHES. E % % & 5
. 5 || Axie | Axis || Axis | Axis 858

B A-B.|CD. | AB |CD. |AES

4} x 8% 44.5 | 6.27 38.66/| 1.09 .91 1.16
4 x 3} 41.8 || 4.65| 38.23| 1.06/ .88 1.09
5 x 2% 80.7 | 1.061] 4.01 72 1.14 .67
6 x 2% 33.0 || 1.63 4.58 701 1.17 .64
4 x38 25.9 || 1.94] 2.18 .86 .92 i
4 x 38 25.25| 2.09] 1.69 91 .82 .84
4 x 2 0.4 .68 168 .68 .01 .54
8 x 8% 28.25| 8.12| 1.06|| 1.05 .61)| 1.10
8 x 2% 23.8 || 1.38 .94 .76| .63 .82
8 x 1} 11.2 .19) .56 41 .1 .87
2% x 14 9.1 .10 .33 .33 .60 .82
2 x 1} 8.76 .16 .18 43| .45 43
2 x1 7. .05 .17 .26 .49 1
2 x ¥ 5.88 .01 .17 13 .54 17
2% x 1% 18.75 .56, .62 .65 .58 .66
% x 2 21. .83 .63 .63 .65 .5
5 x 8% 48.44/| 5.87] 5.81|| 1.05 1.04/ 1.05
5 x4 4.1 6.24| 5.25| 1.19, 1.09] 1.08
2 x % 6.5 01 .24 .12 .61 .18
4 x4} 38.5 || 7.26) 2.70] 1.87 .84/ 1.32
8 x 2% 17.6 04 .74 .73 .65 .69
8 x 2 20.6 || 1.08) .89 .72 .66 .70
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MOMENTS OF INERTIA.

The following formul® were used in calculating the moments
of inertia 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 centre of gravity of the section, in a horizontal
position to the figure as shown.

I signifies moment of inertia.

A ‘¢ total area of section.

R« radius of gyration.

d ¢ distance from base to centre of gravity.

In all cases the radius of gyration = ‘/ ZI ,and the moment of

I x co-efficient for strength of material

resistance = distance from neutral axis to farthest edge of section
SOLID RECTANGLE.
bh:  An?
I = —ﬁ = Tz—-
" I asi _w
AP A y BXIB 2y = —3—’

HOLLOW RECTANGLE OR I BEAM WITH PARALLEL FLANGES.

b foboa

; bh* — el
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SOLID TRIANGLE.

124
I= T
: 125
I axiszy = i
3
I,&Xis uy = b_h..
3
k
d= 3
SOLID CIRCLE.

— _AD?
I—'78547_T‘

HOLLOW CIRCLE.

’ ‘; I = (outer radius * — inner radius?) .7854

SOLID - SEMICIRCLE.

. I= .11,
; AD*
* ——D—— ¥ I, axis zy = L8R = 6
d = .4244r. :

S8OLID ELLIPSE.

T
-‘3  I=.7854bd
1
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TEE SECTION.

e+ bd*— (b —t)a®
3

i+ h—f)e
12 "

¢ 1=

(3 .
I, axis oy =

& a ]
W e, h—f
G i 5 + f)t(f A3 -)_bf,

+ (B —f7)
4 =24 -

ANGLE SECTION.

le* + bd' — (b— 1) (d — t)®,
N I= .
rt~ AN

Jh uneven angles.
Lo —d) + hd\*— (b — t)(d, — &)
3 .

For even or

4 S h\ I, axis uv =

B "\{; For uneven angles.

2y passes through centre of gravity parallel to ee.

—2d—1) +¢ [b- (2‘1" t—z) ]’. Foreven
3

T axis vy =
angles.

A close approximation for the latter is the following :

2
(\\ u I, axis a2y = % . For even angles.
Neg 27,2
i I, axis zy = ARG For uneven angles.

h, ’ 18(h7+07)
b + (B2 — 1)
84

For even and uneven an-

PO TSN
XN d=
3\

b

v gles.
d— i (e t’).

— o4 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.

8 = taper of flange,

28
=k ——.
f A e o b
bh® — ck ca
=L * = =
t:':..r! I= ) + +
----- I (5,
1 | : : ]
A I,axiszy———+£+

T

CHANNEL SECTION.

8 = taper of flange.

8

r= - e

—

2mb® + It* + <b‘ )
I, axis 2y = — Ad

i) (o)

..1'
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DECK BEAM SECTION.

8 = taper of flange. a = area of bulb,
o=m-2.
-]
_aw t¢ b m'p— o)
@ 1= 15 P+3+T_ g T
sur
E (- 0—ts O(b—t)o’
et % T
1
e e  at (p * 3 >b,
v I,snswy—m+-—

a@r—k)+th—kP+ OG-0+ 80 —1) (P +?-3>
24 2

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 recalculating the
whole.

FOR ANY I BEAM, CHANNEL BAR OR DECK BEAM.
AXIS PERPENDICULAR TO WEB.

Let a = increase of area in square inches over minimum sec-
tion given in the table. Let d = depth (size) of beam, then
i3 is the moment of inertia for increase of area, which added to
tabular figures gives the correct result for the enlarged section.

Ezample.—A 12" I Beam, No. 4, area 12 square inches, is in-

2
creased to 14 square inches. -2-);212 = 24, which added to the
moment given in col. 7—272.86 + 24 = 296.86, the moment of
inertia desired.
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Radius of gyration of the former £f2_8_6 = 4.78 inches,

Radius of gyration of the latter 1/ 2&‘:4;’6 = 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 close approximation for deck beams.

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 increase 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.

Ezample.—A 10" I Beam, No. 8, area 9 square inches is in-

.creased to 10} square inches, having a web thickness of .525
inches. .525 x 13 = .7875, which added to the amount in col.
VIIL., 8.09 + .78 = 8.87, the moment of inertia required.

. . s /809 _ o
Radius of gyration of least section = 5 = .95 inches.

Radius of gyration of enlarged section = goi; =.92 inches.

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

CHANNELS.

For channels, in relation to axis parallel to web the moment
of inertia increases nearly in a direct ratio to the increase 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
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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 I for the minimum and
maximum sections ; any intermediate section can be obtained by
proportion unless great accuracy is required. Our tables ex-
hibit the change in values of R between the least and greatest
sections, which in the case of small angles remain practically
unaltered within the range of possible variation of area.

INERTIA OF COMPOUND SHAPES.

¢ The moment of inertia of any section 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
distance 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 sections.

T e
"'[ o3 = ]EA% Ezample No. 1.—A combination of two 9"

E 1 54 1b., Channels, and two 12 x } plates as
shown.
4{E—
“ . \ AXIS A B OF SECTION,
)
I for 2 channels, col. VII, page 94, = 128.680
3
Ifor 2 plates = 1_?_’;.2ﬁ x 2= .03125}
6 (area of plates) x 4§ * = 128.84875 = 128.875
I for combined section = 257.053

which divided by area (14) gives 18.8611 = R?* 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 CD and EF.

I for 2 channels around axis ZF from col. VIII., = 4.94
Area of channels x square of distance = 10.8 x 4.2825* = 193.471
. 1]
I'for 2 plates = 5 % 12 | = .
12
I for combined section =270.411
Radius of gyration = 27"1 :11 =4.395.

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

Ezample No. 2.—A ¢ built-up beam ” composed of :
fsrC oy

4 angles 8" x 8" x 1.
2 plates 8" x 3".
1 plate 15" x #".

16—
W

4 "?b 8 AXIS A B.
2 _ 8 x 33
=5 s Tof two 8" x § plates = 13 x2= .167
+ 8 (area) x 737 (sq. of distance d) =480.5
——— 480.667
53
Tof one 15" x 3" plate = 1 12" Lo 105.469
Iof four 8 x 3 x 4 angles == 4 x 1.24 (see col.
1V, page 98), = 496
+ 5.%7 (area) x 6.667 (sq. of distance @) =255.045
260.005

Inertia of combined section around 4 B = 846.141

Radius of gyration =4/ ‘ii‘g_sl;‘; = 6.6L
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AXIS C. D.
Tof two 8 x iplates=8’1; LJ 2 = 42.067
ITofone15 x § plate = 151)(23’ = .066
Tof four 8 x 3 x § angles=14 x 1.24 (see
col. IV, page 98) = 4.96 s
+ 5.75 (ares) x 1.0275 (sq. of distance d’) = 6.071
— 11.031

Inertia of combined section around 0 D = §53.764

53.764 _
19.376 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,ing the moment
of inertia.

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 r = radius of gyration around axis through centreof grav-
ity. R =radius of gyration around another axis parallel to
above. d = distance between axes.

R = 5/d*+7

‘When 7 is small, R may be taken as equal to d without mate-
rial error. Thus in the case of a pair of channels latticed to-
gether, or a similar construction.

Ezample No. 1.—Two 9" 54 lb. channels placed 4.66" apart,
required the radius of gyration around axis C D

Radius of gyration =

E E
""'f for combined section.
i | ! Find  on col. X., page 95, = .68 and 7 = .4624.
| ; | Find distance from base of channel to neutral axis
AitET1i-8 col. XV., same page, = .67, thisadded to § distance
| 2 }"‘ between the two bars, 2.83"'=8"=d, and d? = 9.
84’ Radius of gyration of the pair as placed equals,
D F
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4/9+.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, to be found in the
tables.:

Ezample No 2. -—Four 3" x 8" x §" angles placed as shown;

form a column 10 1nches square; required the

,?1 ”,,radlus of gyration.
gl l e a9 Find 7 on col. VI, page 98, = .91, and * =
o .8281.

Find distance from side of angle to neutral
axis, col. VIL., same page, = .&8. Subtract this
from } the width of column =5. — .89 =
4.11 = d or distance between two axes. d’=

I
]
1
]
]
1
-
__.___.:.5.__.
]
]
@
"

«

O-—

16.8921.
Radius of gyration of 4 angles as placed =

4/16.8921 + .8281 =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 without serious error from the table of radii of gyration
for square columns, on page 155.
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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 resist local crippling 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 = sections 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 area, 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 circular 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.:
¢Fixed 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 partsof the
structure that the attachment would not be severed if the mem-
ber was subjected to the ultimate load. ‘‘Flat ended ” struts
are supposed to have their ends flat and square with the axis of
length but not rigidly attached to the adjoining parts. ‘ Hinged

* This applies only to long struts with free ende.
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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 stiil 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 diameter, 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 strut, there will ke 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 formula admitting of ready practical application can
be devised ; in fact none is required, as the results of experiments
can be embodied in tables and diagrams 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 inaccuracy 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
the strut divided by the least radius of gyration of its cross sec-
tion, and the successive columns give the ultimate load per
square inch of sectional area for each 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. If 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.

FACTORS OF SAFETY.

It is considered good practice 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, etc. For similar
reasons we 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 are adopted for the increasing
lengths.

8. + .01 i’_ for flat and fixed ends.

8+ .015%1‘0: 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.

ag ag E] ea Sa 8 g

el Sl R 2R
2| 3.2 8.3 150 | 4.5 | 5.25/| 280 | 5.8| 7.2
30 | 3.3 | 3.45| 160 | 4.6 | 5.4 00| 5.9 7.35
40 | 3.4 3.6 170 1 4.7 | 5.55! 800! 6.0 7.5
50 8.5, 8.75| 180 | 4.8 5.7 310 [ 6.1 7.65
60| 3.6 8.9 190 | 4.9 | 5.85) 820 | 6.2 | 7.8
70| 8.7 4.05] 200 | 50| 6.0 380 | 6.3 | 7.95
80| 3.8 | 4.2 210 | 5.1 6.15( 340 | 6.4 | 8.1
90 | 3.9 4.35|| 220 5.2 | 6.8 350 | 6.5 | 8.25
100 | 4.0 4.5 230 | 5.3 | 6.45/ 360 | 6.6 | 8.4
110 | 4.1 | 4.65/| 240 | 5.4 | 6.6 870 | 6.7 | 8.55
1201 4.2 4.8 250 | 5.5 | 6.75| 380 | 6.8 | 8.7
130 | 4.3 | 4.95 260 | 5.6 | 6.9 300 | 6.9 | 8.85
140 | 4.4 6.1 0| 6.7 | 7.05| 400 | 7.0 9.0

Table No. 2 represents the greatest safe load per square inch
of section 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, etc. Under cer-
tain conditions, such as for buildings, bridges, etc., the least
factor of safety ought to be four (4), which would 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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No. 2.

GREATEST SAFE LOADS ON STRUTS.

119

Greatest safe load in 1bs. per square inch of cross section ®or vertical struts.
Both ends are supposed to be secured as indicated at the head of each col-
ume. 1f both ends are not secured alike, take a mean proportional between
the values given for the classes to which each end belongs. If the strat is
hinged by any uncertain method so that the centres of pins and axis of strut
may not coincide, or the pins may be relatively small an(!'loosely fitted, it is

best in such cases to consider the strut as * round ended.

__LenerH. FrLAT FIXED HINGED Rounp
LEAST RADIUR
OF GYRATION. ENDs. ENDs. ENDs. ENps.
20 14,330 14,380 13,940 13,330
30 13,030 13,/ 30 12,460 11,670
40 11,760 11,760 11,110 10.140
50 10, 0,860 ,1 8,930
60 10,000 10,000 9,230 7,820
70 9,190 9.190 8,330 6,850
80 8,420 8,420 7 5,950
90 7,92 7,950 6, 5,230
100 7,450 7,500 6,220 4,560
110 3 7.070 5.620 8,980
120 6,260 6,670 5,060 3,440
130 5,790 6,220 ,5 2,960
140 5,340 5,800 4,120 2,510
150 4, 5,390 3.570 2,120
160 4,350 5,000 38,060 1,760
170 ,92 4,570 2,640 1,530
180 3,500 4.170 2,250 1,310
190 2,190 3,830 2,020 1,150
200 2,900 3, 1,800 1,000
210 2,570 3,190 1,590 890
220 2,410 2.880 1,400 790
230 2,250 2.640 1,260 720
240 2,070 2,410 1,140 650
2650 1,910 2,180 1,040 600
260 7 1.960 940 550
20 1,610 1,840 870 500
280 1,460 1,7 790 440
200 1,330 1,610 730 410
800 1,200 1,5 670 370
810 1,080 1,390 620 350
320 970 1,290 580 320
830 880 1,190 540 290
340 800 1,000 490 260
350 720 1,040 450 240
860 650 980 420 230
870 580 920 380 210
380 510 850 840 200
890 T 470 800 810 80
400 430 740 280 70
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ROLLED STRUCTURAL SHAPES AS STRUTS.

The following tables for the working values of various rolled
structural shapes as strutsare 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 distinction 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 calculated 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 aceu-
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 correct. The head notes to the
tables indicate the condition assumed for each class of struts.
If the pins should be placed otherwise than as described in the
tables, the strut may be either weaker or stronger, according to
circumstances, which have to be determined for any particular
case. This results from the fact that a pin-connected strut if
properly designed should be considered hinged ended, only in
the direction in which it is free to rotate on the pin.

'In the direction of the axis of the pin it can be treaied as a
¢“flat ended ” strut. An I 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 are the distances betwcen
points of bracing, and liable to fail in the direction of the
flanges.

FEzrample.—An 8" 65 1b. I beam, 18 feet long is used asastrut
having pins at both ends at right angles to web. It would then
be flat ended in the direction of the' flanges, and by Table No.
7 the greatest safe load = 1,990 lbs. per square inch of section.
If braced in the direction of the flanges at two points 6 feet
apart it should then be considered as a scries of flat ended struts
6 feet long, whose safe load by Table No. 7, would be 8,320 lbs.
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 = 8,690 lbs. 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.

Ezample.—A pair of 9" 54 1b. channels, separated, ete., as
described on page 110, are connected by triangular latticing,
forming a hinged-ended strut 10 feet between pin centres. Wkat
is the greatest safe load, and how far can latticing be spaced ?

As described on page 95, radius of gyrationaround axis across
the web of channel, or in the direction of the pin = 8.45 inches.
Radius of gyration in opposite direction = 8.07 inches. Least
radius of gyration for a single channel = .68 inch.

!
;for 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 39 = 284 inches.

It is customary and is also good piactice to reduce the dis-
tance between lattice centres below v:lat 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 D or d, for channels placed flanges inward or
flanges outward respectively, make the radii of gyration equal
for either direction of axis.

Chese 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
calculated for the standard minimum secticn of each channel.
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 to notice it. Under each length of struts
in the table Jrepresents the greatest distance apart in feet that
centres of lateral bracing can be spaced, without allowing weak-
ness in the individual channels. The distance ? is obtained as
shown in last example, that is, by making lr = il‘;e'
1 =length between bracing.

L = total length of strut.

+ = least radius of gyration for a single channel.
R = least radius of gyration for the whole section.
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STEEL STRUTS.

A table for the ultimate resistance of flat-ended struts of two
grades of steel will be found on page 81. These grades prob-
ably embrace 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 complete to
warrant & full statement of resistances of the various grades,
and for the various conditions of the strut, such as the methods
of connecting the ends, ete.

It is probable, however, that the relations existing between
the four classes 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

any 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 described, 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 .36 per cent. respectively. A mean proportion of these
would be .24 per cent.

It is probable that steel of latter grade would possess inter-
mediate compressive resistance between the two grades described
from our experiments. :
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No. 3.
PENCOYD I BEAMS AS STRUTS.

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

When the struts are secure from failure in the direction of the flanges, and
can bend only in the direction of the web CD. Uxing factors of safety
given in previous tables.



TABLE OF STRUTS.

-No. 8.

PENCOYD I BEAMS AS STRUTS.

i
18
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In the m%mﬂ columns » indicates the radins of gyration taken around

the pins are snpposed to lie in the direc-
tion A B. Under the conditions stated the strut may be considered flat
ended in direction 4 B.

axis 4 B.

en strut is hin

LENGTH IN FEET.

CONDITION Size
OF oF
26 8 30 o) EYY 86 38 40 42 ENDs. BEAN.
1060010260 9920| 9510| 9190/ 8880| 8580| 8330 8140 Fixed Ends.... 15"
10600,10260| 9920 9510, 9190| 8880| 8580, 8320 8120 Flat Ends......
9860 9500 9140| 8590  &830| 8000/ 7670| 7370/ 7100 Hinged Ends...|Heavy.
8600] 8150( 7720| 740, 6850| 6490| 6130| 5810 5420 Round Ends....| * == 8-8¢
10690/10340(10000| 9680 9350| 9040 8730| 8420! 8230 Fixed Ends.... 15"
10690|10840({10000| 9680 9350| 9040| 8730, 8420| 8220 Flat Ends. ....
9950| 9590| 9230| &870, 8510| 8160| 7830| 7500, 7240 Hinged Ends...| Light.
8710| 8260| 7820| 743(| 7040| 6670/ 6310| 5950/ 5660 Round Ends....| r*= 898
9430| 9040| 8650 8380 80%0| 7860 7630( 7410, 7190 Fixed Ends. 12"
9430| 9040| 8650| 8320/ 8070| 7830| 7580| 7330' 7020 Flat Ends ..
8600 8160| 7750| 7870/ 7040 6720 6410! 6100/ 5800 Hinged Ends Heavy.
7140 6670| 6220| 5810/ 5850 51C0| 47€0| 4440; 4150 Round Ends....| r = 460
9190| 8800| 8420] 8180 950! 7720| 7500 T80|Fixed Ends 12!!
9590 9190| 8800| 8420/ 8170| 7920| 7680| 7450| 1140|Flat Ends......
8780| 8330| 7910 7500| 7170| 6840' 6530| 6220; 5920 Hinged Ends...| Light.
7380, 6850 5950 5490| 5280 4890| 4560 4270|Round Ends....| r = ¢ 78
8800| 8420/ 8140| 7860| 7590 %070! 6870( 6620|Fixed Ends.... 10%'1
8800, 8420| 8120| 7880| 540| 7210| 6840| 6550| 6210(Klat Ends......
7910 7500 7100| 6720 6340 5980 b620| 5340| 5010|Hinged Ends...| Heavy.
5950| 5420| 5100 4690] 4320( 8980| 8710| 8390|Round Ends....[ * = 43¢
8800| 8420| 8090| 7810| 7540, 7320| 7G70| 6870 6620|Fixed Ends.... ]0%"
8800| 8420 8070| 7780| 7500‘ 7210/ 6840 6550/ 6210|Flat Ends......
7910 7500| 7040 6850| 6280' 980! 5620| 5340| 5010(Hinged Ends...| Light.
5950| 5350| 5030| 4630, 4320, 8980, 3710/ 3390 Round Ends....| ¥ = ¢'3¢
8500 8180| 7900| 7630| 7320/ 7070, 6830/ 6580 6310|Fixed Fnds 10"
8500| 8170| 7870| 7590 7210/ 6840| 6490 6160/ 5880(Flat Ends.
7580| 7170 6780 6410| 5980| 5620| 5280; 4960 4670|Hinged En Heavy.
6040 5400| 5160 4760| 4320 3980| 3650| 3340| 3050|Round Ends....|[ T = 3-%¢
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No. 4.
PENCOYD I BEAMS AS STRUTS.
GREATEST SAFE LOAD IN LBS. PER SQUARE INCH OF SECTION.

‘When the struts are secure from failurc in the direction of the flanges and
can bend only in the direction of the web ¢ D. Using factors of safety
given in previous tables,




axis 4

B.

TABLE OF STRUTS.

No. 4.
PENCOYD I BEAMS AS STRUTS.

B .
In the marginal columns f indicates the radius of gyration taken around

127

en strut is hinged the pins are supposed to lie in the direc-
tion A B. Under the conditions stated the strut may be considered flat
ended in direction 4 B.

LENGTH IN FEET.

9110
9110
8250)

6760 6220

8530
8580/
7670

6130 5490

7950|
7920

1970

8180|
7170

4760

CoNDITION |. Si1ZE
oF
23 |3 |5 |31|3]3]| 4 ENDs, BEANM,
8280 8000| 7720| 7450| 7190| 6990 6750 Fixed Ends..,.. 10”
8210 7970| 7680 T390 7 6720| 6370 Flat Ends......
7300 6910| 6530 6160 5800| 5500| 5170 Hinged Ends...| Light.
5730, 5200 4500, 4150{ 3870 3540 Round Ends ...| F = 498
7810| 7! 7240 6950| 6710| 6400{ 6090 Fixed Ends.... 9"
7980 7500| 7 6660 6310| 5970 5650 Flat Eunds......
6650, 6280 5450/ 5110/ 4770( 4440 Hinged Ends.. | Heavy.
4630| 4210/ 3810| 3490| 3150, 2820 Round Ends.,..| t = 362
7900| 7590, 7320 7030| 6790| 6490| 6170 Fixed Ends.... 9"
7870 1540 T210| 6730 6430| 6070| 5740 Flat Ends..
6780 D 5980; 5560| 5220| 4860| 4530 Hinged End Light.
5160 4690; 4320 3920{ 3600| 3240 2910'Round Eunds,.,.| r='3-8
7280 6990| 6670| 6350| 6010 5710 5430|Fixed Ends.... 8"
71401 6720] 6260| 5930 5500 5230| 4880 Flat Ends......
5920 5500 5060| 4720| 4350/ 4010| 3620 Hinged Ends...| Heavy.
4270| 3870 8440| 3100| 2730| 2430, 2150 Round Ends....| F == 3'31
7320| 7030; 6750| 6400] 6090| 5500/ 5510 Fixed Ends... 8"
7210/ 6730 6370| 5970 5650| 5340 4!1801Flat Ends......
5980, 5560 5170| 4770| 4440| 4120 3730 Hinged Ends...| Light.
4320/ 3920! 3540| 3150| 2820, 2510| 2230 Round Ends....[ =326
6580 6170| 5800| 5470| 5110| 4740| 4370 Fixed Ends... 7"
6160 5740| 5340, 49%| 4190 4090| 3710 Flat Ends. .. .
4960 4530| 4120\ 3680( 3210 2200/ 2440 Hinged Ends,..| Heavy.
3340| 2910 2510 2190 1860 1620 1420;Round Ends....| r= 2775
6440, 6090| 5750 5430| 5070| 4740/Fixed Ends.... 7"
6490| 6020 5650 5280f 4880| 4440| 4090 Flat Ends......
5280| 4820/ 4440 4060| 3620 3160| 2800 Hinged Ends...| Light.
3650, 3200, 2820| 2470( 2150| 1830, 16201R0lmd Ends... | r=3 ¢
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No. 5.
PENCOYD I BEAMS AS STRUTS.
GREATEST SAFE LOAD IN LBS. PER SQUARE INCH OF SECTION,

‘When the strats are secure from failure in the direction of the flanges, and
can bend only in the direction of the web C. D. Using factors of safety
given in previous tables,




In the m:

axis A. B.

tion 4. B.

TABLES OF STRUTS.

No.

5.

PENCOYD I BEAMS AS STRUTS.

1B

129

nal columns 7 indicates the radius of gyration taken around

hen strut is hinged the pins are supposed to lie in the direc-
Under the conditivns stated the strut may be considered flat
ended in direction 4. B.

LeENGTH IN FEET.
CONDITION Si1ze
OF OF
mzzuzszssoazlmas Exps. BEAX.
I

7320, 6910/ 6440| 6010| 5590! 5150/ 4740 4290| 8930:Fixed Ends.... 6"
7210| 6600; 6020| 5560 50&)| 4540! 4090 3620| 3280 Flat Ends... ..
5980| 5390| 4820| 4350| 3840, 8260 2800 2360| 2080 Hinged Ends...| Heavy.
4320| 3760| 3200| 2780| 2310, 1900/ 1620 1370| 1190, Round Ends...| = 2°31
7540 7110/ 6710| 6310 5880, 5470, 5070 4650| 4250 Fixed Ends.... 6"
7500( 6900| 6310 5880 5430; 4930, 4440 4000| 3580 Flat Ends......
6280 5680| 5110 4670 4210, 3680; 3160 2720| 2320 Hinged Ends...| Light.
4630( 4030 8050( 2600| 2190 l&iOl 1570, 1350/ Round Ends....| r= 2-43
6620 6090| 5590 5110 4610| 4130! 3730 3340 2970|Fixed Ends.... 5"
6210| 5650, 5080 4490/ 3960, 3460; 8100 2780| 2500 Flat Ends......
5010| 4440| 3840 8210| 2680| 2220 1950 1690 1450/ Hinged Ends...| Heavy.
8890 2820| 2310| 1860; 1550 1290, 1100| 940| 82 Round Ends....| r= 19
7030 6530 6090 5630 5150| 4690 4250 3860; 3500|Fixed Ends.... 5"
6780| 6160| 5650 5130| 4540 4040/ 8580 3220\ 2600 Flat Ende......
5560| 4960| 4440 8900| 3260, 2760 2320 2040/ 1300 Hinged Ends...| Light.
8920| 3340| 28202850 1900 1590 1350| 1160{ 1000|Round Ende... | r=2-0¢
5510 4910 42‘10] 8790 83101 2850| 2500 2180! 1900/ Fixed Ends.... 4"
4980| 4260| 3620' 8160| 2760, 2420 2140, 1910' 1680|Flat Ends......
8730] 2970 2360, 1490| 1670/ 1380 1180| 1040/ 900!Hinged Ends...; Heavy.
2230| 1710, 1370‘ 1130( 930 780| 670/ 600 520/Round Euds....| r= 1-¢3
5590 5000 4410| 3860| 3400 2040, 2570( 2240| 1930|Fixed Ends.... 4”
5080; 4350| 3750' 3220| 2830 2480| 2190 1950 1720\ Flat Ends. .....
8840/ 3060| 2480: 2040| 1730| 1430| 1220| 1070| 920:Hinged Ends...| Light.
2310 1760 1440} 1160| 960| 810 690| 610| 540;Round Ende....| r== 165
8560| 2940| 2450 2000, 1740‘ 1520| 1320/ 1120| 990 Fixed Ends.... 3"
2050, 2480| 2100' 1780| 1490 1220! 1000| 820| 670 Flat Ends......
1840' 1430/ 1160/ 960 800| 680 590 500| 420 Hinged Ends...| Heavy.
1030| §10 660| 560 450’ 870{ 320 260 230(Round Ends....| =131
L3
8760| 3150| 2610 2180 1850! 1630, 1420| 1220 1060'Fixed Ends ‘3"
3130 2640| 2230, 1910/ 1620/ 1350/ 1110; %00| 750 Flat Ends.
1970 1570 1240, 1040| 870/ 740| 630 550 460 Hinged En Licht.
1120 880 710| 600| 500/ 410 350 200| 240 Round Ends..l| r= 138
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TABLES OF STRUTS.

No 6.

PENCOYD I BEAMS AS STRUTS.

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

When the struts are free to bend at right angles to the web ; or in the
weakest direction ¢. D. Using factors of safety given in previous tables.

LENeTH IN FEET.
Size COoNDITION
OF oP
Brax Enps. 2| 4|68 10 1|1
15” Fixed Ends....|14380{11760/10000 8420 7500; 6670/ 5800| 5000
Flat Ends...... 14380111760/10000| 8430| 7450| 6260, 5340 4350
Heavy....[Hinged Ends .|13940(11110] 9239| 7500 6220( 5060 4120| 3060
£ =120 |Round Ends....|13330{10140| 7820 4560| 3440 2510| 1760
15" Fixed Ends....|14110{11400| 9430] 8000| 7030 6090 5150 450
Flat Ends...... 14110(11400| 943)| 7970| 6780| 5650| 4540| 3580
Light..... Hinged Ends .| 13640]10720| 8600( 6910| 5560| 4440| 8260, 2320
r=1:08"|Round Ends....|13000| 9660 7140 3920 2820| 1900| 1350
12" Fixed Ends....|14240(11670| 9840| 8330| 7370/ 6530| 5630/ 4820
Flat Ends. . ....| 1424011670 9840 8320| 7270 6110| 5180| 4170
Heavy....|Hinged Ends...[13790{11010| 9050| 7370| 6040| 4910| 5900| 2890
=117 |Round Euds....|13160{10020| 7630 5310| 4380 3290| 2350 1660
12" Fixed Ends....|13840{11040| 9110| 7720 6710| 5670| 474" 3830
Flat Ends...... 13849/11049| 9110} 7689| 6310, 5180 4090( 3190|
Light ....|Hinged Ends 13350/1033)( 8250 6530 5110, 3950 2800 2020
F=aca und En 12670 9170| 6760| 4890 2390, 1620| 1150
101 7 |Fixed Ends...,|14380{11760/10000 7450| 6620, 5750, 4950
2 Flat Ends...... 143°0(1176C;10000| 8870| 7390| 6210] 5280 4300
Heavy,...|Hinged Ends .|13940|11110] 9230| 7430| 6160| £010; 4060, 3010
r=1'19"(Round Ends. ... |13330|10140| 7820| 5850| 4500 2470' 1730,
10%" Fixed Ends....|13840{10950| 8960| 7590 6580 5510/ 4530| 3630
Flat Ends.. .... 13840,10950' 8960| 7540, 6160 4980| 3870( 3010
Light.....|Hinged Ends . 118350 10230 8080| 6340| 4960 3730; 2600/ 1880
=97 Rouud Ends....[12670| 9050| 6580 4690| 3340 2230, 1500, 1060|
!’ Fixed Ends ...
10 Flat Ends......|1
Heavy....|Hinged Ends...|1
r=9 RonndEnds....
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No. 6.
PENCOYD I BEAMS AS STRUTS.

In the nal columns » indicates the radius of gyration taken around
axis 4. B. hen the strut is hin, the pins are supposed to lie in the di-
rection 4. B. If the pins lie in the direction C. D. consider the strut flat
ended by this table.

LENneTH IN FEET.
CONDITION Size
OF OF
2 | 2 ' 24 |26 |28 |3 |s]|s|s Exps. Beax,
2410| 1960| 1720| 1500| 1290| 1090| 980 'Fixed Ends.... 15"
2070| 1750 1460| 1200| 970 800| 650 Flat Ends......
1140| 940| 790| 670| 580 490/ 420 Hinged Ends...| Heavy.
650| 550 440 870{ 320] 260 230 Round Ends....[ r==1-20
1870| 1620| 1380| 1160| 1000| 860| 740 |Fixed Ends.... 15"
1650/ 1340| 1060/ 830 670 50| 430|Flat Ends......
610( 520 840| 280|Hinged Ends...| Light,
510, 410 280 230/ 200| 170|Round Ends....[ r=1-08
2270| 1870| 1640| 1410| 1210 1040| 920 Fixed Ends.... 12"
1970| 1650| 1360/ 1100| 890 70| 580 Flat Ends.....
1080, 890 740 450, 880|Hinged Ends...| Heavy.
620] 510| 410 850 240/ 210/|Round Ends.... [ r= 117
1660| 1 1160 1000 850{ 720|..... Fixed Eunds.... 1211
1390| 1090 670| 510 410|..... Flat Ends......
760 620| 520 430 340| 270..... Hinged Ends...| Light,
420| 350| 280 230| 200( 160)..... Round Ends.. .. | =100
2360| 1980] 1690 1470 1260| 1070! 960 |Fixed Ends.... ”
2080, 1720| 1430 1170| ©40| 770 620 Flat Ends...... 10%
1120( 920{ 770 560] 470| 400 Hinged Ends...| Heavy.
640] 540/ 430, 360] 810 290 |Round Ends....| r= 119
2200 1850| 1560| 1310( 1070| 930| 780\ 670|.....|Fixed Ends.... 10%"
1990| 1620 1270] 990 770 600| 460| 380|.....|Flat Endx.. ...
1090| 870 700 B8O| 470 390 2401..... Hinged Ends...| Light.
620{ 500, 3890 320 50| 10| 170; 130|..... Round Ends....| =¥
2200 1830 1560( 1310| 1070, 930| 780 670 Fixed Ends 10"
1 1 1200 9490 7 600 460 380 Flat Ends. .
1000 870 700( 580| 470| 390| 300 240!. Hinged End Heavy.
620| 500 890| 820 250/ 210 170| 150|.....|Round Ends..... L
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No. 7.
PENCOYD I BEAMS AS STRUTS.
GREATEST SAFE LOAD IN LBS. PER SQUARE INCH OF SECTION,

The strut is supposed to be free to bend in the weakest direction C. D.
The radius of gyration is taken around 4. B.
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No. 7.
. PENCOYD I BEAMS AS STRUTS.

A. B. indicates the direction of pine for hinged struts in this table. If the
pins are placed in the direction (' D. consider the strut as flat ended. rin
- marginal columns indica es radius of gyration around 4. B.
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No. 8.
PENCOYD I BEAMS AS STRUTS.

GREATEST SAFE LOAD IN LBS. PER BQUARE INCH OF SECTION,

' (See remarks at head of Tables No. 6 and 7.)
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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 isin 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 madeby taking the greatest instead
of the least radius of gyration into the calculation.

Ezample—An angle strut with flat ends, whose dimensions
are 4 x 4 x § inches,and 12 feet long, has a least radius of gyra-
tion of .81 inch, and greatest radius of gymtion 1.24. When

144
the strut has no lateral support the value of — would be —

178. (Sce table on page 98.) By Table No. 2 the safe los,d
would be 3,580 lbs. per square inch.

If this strut it now braced so that it cannot fail inthe weakest
direction, that is in the line of a diagonal from the corner of the
angle, but is free to fail in the direction of its legs, then the
value of .;_ becomes %4 =116, and the safe load by the tables

becomes 6,500 1bs. 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.

& Ezxample. —What is the working resistance
F :i of a flat-ended strut 10" square outside, and
18 feet long, composed of four 3 x 3 angles
...... t......y connected by triangular bracing ?
The radius of gyration as found on page
L .:—j 111, is 4.21 inches. lr= 51.

Bafe load per square inch by Table No. 2 = 10,800 1bs.
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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 lbs. per
square inch of section. The least radius of gyration for asingle

angle is .60 inch. By Table No. 2, the value of —:: correspond-

ing to the pressure of 10,800 is 51, as found above. Therefore
.60 x 51 = 30 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 of ,,L

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 braced in such a manner
that failure cannot occur 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.

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

Total length = L.

) i

For this form the least radius of gyration for the combined
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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 radius when determining the distance between cen-
tres of bracing.

Example.—A flat-ended strut, 16 feet long, is composed of
two uneven angles, each 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 % =101.

By Table No. 2 we have for this 7,450 lbs. per square inch,
or 70,700 lbs, for the whole strut. The least radius of gyration
is .92 inch, which multiplied by 101 gives 92.9 inches as the
greatest distance between centres of bracing.

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

be it is only necessary to remember that _f‘.shou.ld 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 efficiency 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 SQUARE INCH OF SECTION USING
THE FACTORS OF SAFETY OF PREVIOUS TABLES.,

CONDITION OF

LENGTH IN FEET.

S81ZE OF ANGLE.
Exps. 2| 4|6 |8|w0f12|14]16]18
6” X 6" Fixed Ends....|14380!11670| 9920|8370|7410,6580(5710|4870(4060
Flat Ends...... 14380|11670| 9920|8370|7330(6160|5230|4220,3400
Hinged Ends .113940|11010] 9140}7430|6100{4960(4010|2930|2180
T=1-18 Round Ends....|13330{10020| 7720{5880{4440 3340(2430(1690(1260
5" X 5" Fixed Ends ... 1'3840 11040| 8960(7680(66205590|4570/3690(2940
Flat Ends..... 13840/11040| 8960{7590|6210/5080(3920|3070/2480
Hinged Ends...[13350{10330| 8080|64105010|3840|2640{1930|1430
T—99 Round Ends....[12670| 9170( 6580[{4760|33902310/1530{1090| 810
4" X 4" Fixed Ends....{13030(10090] 8000|6750|5470|4250|3280|2470}1870
Flat Ends......{13030(10090, 7970|6370/4930|3580|2730|21201650
Hinged Ends. .. {12460 9320 6910|5170|3680|2320|1650{1170| 890
T == 80 Round Ends.. .|11670]| 7" 5200(8540(2190(1350| 920| 670| 510
3 "% 3_;_” Fixed Ends....[12520| 9270 7370(5920(4520|3310{2410/1790(1400
5‘ 2 |Flat Ends...... 12520 9270; 7270(5470[3870|2760/2070/1550/1090
Hinged Ends... 11920 8420| 6040(4250(2600(1670(1140| 830 620
r= 69 Round Ends.. ..|11060 6950 4380 2640(1500| 930| 650( 470 350
3" X 3" Fixed Ends.... 11760 8420! 6670(5000[3500/2410/1720(1290 980
Flat Ends...... 11760| 8420| 6260/4350(2900(2070/1460| 970| 650
Hinged Ends ..[11110] 7500; 5060{3060(1800|1140| 790| 580 420
T= 50 Round Knds. ... 10140| 5950, 3440(1760{1000{ 650 440| 320| 230
2 " 23” Fixed Ends.... 11400| 8090| 6170|4370{2940|1940(1440{1040: 780
%’ 4 |Flat Ends......|11400| 8070, 5740|3710|2480|1730{1140| 720| 460
Hinged Ends... ~[10720| 7040| 4530]2440(1430| 930| 640| 450/ 300
T -84 Round Ends.. ..| 9660 5350, 2910/1420| 810| 540 360| 240| 170
2 "x 91" Fixed Ends....|11040| 7880 5630|3760(2410/1630|1130
% -4% Flat Ends...... 11040 7640 5130!3130|2070/1350| 830
Hinged Ends...|10330| 6470' 3900:1970(1140| 740| 510
T 49 Round Ends....| 9170 48!)' 2350'!1%) 650 410| 270
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No. 9.
PENCOYD ANGLES AS STRUTS.

The radiue of ﬁvmtlon is taken at:out the axis 4 B,which also indicates the
direction of pin if the strut is hinged.
7 in marginal columns indicates radius of gyration around axis 4 B.

~N
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No. 10. 3
PENCOYD ANGLES AS STRUTS.
GREATEST SAFE I.OADS IN LBS. PER SQUARE INCH OF SECTION.

(See remrarks at head of Table No. 9.)
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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 described for angle struts, on page 135,

When a pair of uneven tees are braced together in the direc-
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 tee.

Therefore, when determining the resistance of the combined
strut, take the greatest radius of gyration from the table on page
101, and the least radius of gyration, when determining the dis-
tance between centres of lateral bracing.

Ezxample.—A pair of uneven tees § x 24 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 8,100 lbs. per square inch,
or 18,900 lbs. 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.
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No. 11.
PENCOYD TEES AS STRUTS.

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

When the strut is free to fail in the direction €. D. Using factors of safety
given in previous table,

c N LENGTH IN FEET.
81z or TEE. °"3L o
Expe. 2 | 4| 6|8 10121

" " |Fixed Ends.... 5670)
4" x 4 Flat Ends. . .... 5'80
Hinged Ends... 8950,
T84 Round Ends.... 2390,
" '’|Fixed Ends.... 4910
3& X 3% Flat Ends.. ... 4260,
Hinged Ends. .. 2970
LAl Round Ends.... 1710)
" !’ |Fixed Ends.... 3600
3" x 3" IFaEad 3070
Hinged Ends... 1930
——ai Round Ends.... 1090

" /7\Fixed Ends....
23" % 28" I Ei s 2480
Hinged Ends. .. 1430
LA Round Ends.... 810)
" 1| Pixed Ends.... 2070
21" % 21" | Pt Ends 0 1830
Hinged Ends. .. 990
re=—a Round Ends.... 570
" 71 (Fixed Ends.... 1730
27 % 2" it Ends. 1470
Hinged Ends... 790
r=—ds Round Ends.... 440
" !t|Fixed Ends.... 1250
13" x 13" Fiat knga 930
Hinged Ends. .. 560
[l L Round Euds.... 800
" /?|Fixed Ends.... 880
13" % 13" ‘it knds. o 540
Hinged Ends... 860
T3 Round Ends.... 200
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No. 11. A
PENCOYD TEES AS STRUTS.

Radius of tion taken around axis A. B. which also indicates the direc-
tion of pin when strut is hinged. r in marginal columns indicates radius of
gyration around axis 4. B.

LENeTH IN FEET.
CoNDITION

orF Enps. e | 4 | 6 | 8|10 |12}

S1zE oF TEE.

" 11/ Fixed Ends....| 8000 4250
117 % 14" it Ende. 7070|880
Hinged Ends...| 6910 2320
r=-21  |Round Ends....| 5200 1350

l"x 1” Fixed Ende....| TR60| 4000

Flat Eudx. . .... 78301 3340
Hinged Ends,..| 6720 2130
T 26 Round Ends....| 51 1230/
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No. 12.
LATTICED CHANNEL STRUTS.

GREATEST SAFE LOAD IN LBS. PER SQUARE INCH OF SECTION,
USING FACTORS OF SAFETY GIVEN IN PREVIOUS TABLES. ¢

1
For a pair of braced channels or for a single channel secured from
flexure in the direction of the flanges and Ttable to fail only in the
direction of the web ¢ D. A
r in the marginal columns gives the radius of gyration for axis
A B, or for either axis of the combined pair of channels. Sce de-

scription, page 121. =
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No. 12.

LATTICED CHANNEL STRUTS.
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GREATEST SAFE LOAD IN LBS. PER S8QUARE INCH OF SECTION,
USING FACTORS OF SAFETY GIVEN IN PREVIOUS TABLES.

The channels must be ted 20 as to
insure unity of action and separated not
less than the distances D) or d respectively,

d iven in inches in the mnR:iunl columns.
‘igures in heavy type under each length
represent the greatest distances apart in
feet on each channel that centres of latcral
bracing should be placed.
LENGTH IN FEET.
CONDITION Size
or oFr
MB%I&)&M%S&«) ENDs. CHANNEL.
10690(10260 mo‘ 9590| 9190| 8880| 8580] 8280| 8090|Fixed Ends....| 15'’
10690{10260| 9920 9590| 9190| 8680! 8580| 8270| 8070|Flat Ends. ..... =581
9450 9500 9140 8330! 8000| 7670| 7300 7040\ Hinged End..)| [ 12y
8710| 8150 7720 6490! 6130| 5730| 5350/ Round Ends ...| D='q.,
4.92( 5.33 s.u. 6.15| 6.56| 6.97| 7.38 7.79| 8.20)

!
9760| 9270| 8880 8500 8280/ 7950| T720| T500| 7240\ Fixed Ende....|12''H'y
9760] 9270 8830 8500| 82| 7920| 7680| 7450| T080(Flat Ends......| ;= ¢.55
8960| 8420| 8000 7580| 7240 6840| 6530| 6220| 5860 Hinged Ends.. | p_ic.3
7530| 6950| 6490 6040| BCCO| 5230 4560| 4210(Round Ends....| D= 3.5
4.85| 5.25 s.ui 6.08| 6.7 6.87 7.28| 7.68| 8.09)

’
g780| 9270 8880 8500| 8230| 7950| 7720| 7500| 7280\ Fixed Ends....|12"' Lt
9760| 9270| 8880 8500| 8220| 7920| 7680| 7450( 7140/ Flat Ends. . v 408
8960| 8420| 8000' 7580| 7240 6840| 6530| 6220/ 5920/ Tinged Ends. .| p_i0-2
7530 6490 5660| 5230| 4890| 4560| 4270\ Round Ends....| ="y
3.89) 4.21) 4.54 4.86| 5.19! 5.51! 5.84| 6.16 6.49

"
8960| 8420| 8140| 7860| 7590| 7320 070! 6830! 6580| Fixed Ends....|]1 (' 'y
8060| 8420| 8120 7880| 7540| 7210 6840| 6490| 6160| Fiat Ends. . .... v um 3093
8080( 7300/ 7100| 6720! 6340/ 5080' 5620/ K280| 4960 Hinged Ends...| 1 y-e
6530| 5050 5420| 5100| 4680 080! 3650| 8340/ Round Ends....| D= o3
5.13{ 5.56 5.99| 6.42/ 6.85 usl 7.71] 8.14 8.87
80| 8420| 8140| 7810| 7540| 7280 7030 6790| 65%0| Fixed Ends....|1 ('Lt
8480 8420| 8120| 7780| 7500 7140, 6780| 6430| 6110 Flat Ends...... y e 3-89
8000| 7300| 7100| 6650 €280/ 5020' 5560! 5220| 4910 Hinged Ends...| 1~ o.s
6490| 5950 5420| 5030| 4630| 4270 3920 8600 8290|Round Ends....| e o3
4.26( 4.61] 4.97 5.32| 5.68| 6.03| 6.39] 6.74| 7.10
8280| 7950 7320| 7080| 6750| 6440| 6130| 5840|Fixed Ends... |9’ He'vy
8270| 7920 10| 6780 6370’ 6020| 5700| 53€0|Flat Ends. ... . = 345
7300; 6840 6410 5080 5560| 5170|4820 4480/ 4160Hinged Ende...| 1, .y
5730| 5230| 4760 4820 3920| 3540’ 8200/ 2870| 2650/ Round Ends....| D= §.¢
4.73) 5.12| 5.52 5.91| 6.30| 6.70 7.09| 7.49| 7.88 .
8230| 7900| 7580 7280| €990| 6710 6400| 6090| 5800|Fixed Ends....!9 ' 'Light.
8220| 7870 7540 7140| 6720| 6310/ 5070| 5650| 5340|Flat. Ends. e 343
7240| 6780| 6340| 5920| 5500| 5110) 4770| 4440 4120|Hinged Ends. .| p_ 7.y
5660| 5180 4680 4270, 8870| 3490| 5150/ 2820| 2510/ Round Ends... | D= §.¢
4.13 4.47) 4.82 s.u' 5.50| 5.85 6.19] 6.54| 6.88
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No. 18.
LATTICED CHANNEL STRUTS.
GREATEST SAFE LOAD IN LBS. PER SQUARE INCH OF BECTION,
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No.

13.

LATTICED CHANNEL STRUTS.

GREATEST SAFE LOAD IN LBS. PER S8QUARE INCH OF SECTION,
USING FACTORS OF SAFETY GIVEN IN PREVIOUS TABLES.
The channcls must be connected go as to

insure unity of action and separated not
less than the distances D or d respectively,

147

iven in inches in the marginal columns.
<, “igures in heavy type under each length —D
represent the greatest distances apart in
feet on each channel that centres of lateral
bracing should be placed.
LENGTH IN FEET.
CONDITION Si1ze
oF oF
23 | 24 | 2 | 28 |8 (32| 84 | 3 | 38 ENDps, CHANNEL
"
8140| 7170| 7410 7070| 6750| 6440| 6090| 5750/ 5430 Fixed Ends.... 8 He'vy
8120 7730 7330, 6840| 6370| 60| 5650/ 5280/ 4880 Flat Ends ..... .
7100| 6590| 6100| 5620 5170| 4820| 4440| 4060 3620 Hinged Ends...| p _ 7.3
5420 4960| 4440| 89680 3540| 800 2820|-2470| 2150 Round Ends...| g = ¢-8
5.10| 5.57| 6.03| 6.50| 6.96] 7.42| 7.89| 8.35| 8.82
"
8140( 7810( 7450| 7110/ 6790| 6490| 6130 5800  5510'Fixed Ends.... 8 Light.
8120 7780| 7390| 6900| 6480 6070| 5700| 5340/ 4980 Flat Ends...... ro= 309
7100/ 6650| 6160 5680) 5220 4860| 4480| 4120| 8730 Hinged Ends...| p _ 7.1
5420( 5020 4080| 8600 3240| 2870 2510| 2230 Round Ends...| g = 5.0
4.27| 4.66| 5.04; 5.43| 5.82| 6.21( 6.60| 6.99/ 7.38
. 1
7540( 7190| 6330 6440 5670 5810| 4950 4570 Fixed Ends... 7 He'vy
7500 7020| 6490| 620! 5610\ 5180{ 4730| 430 8920 Flat Ends...... r=3-68
6280| 5800| 5280 4820| 4390 3950| 3460| 3010 2640 Hinged Ende...| p _ 6.5
4630| 4150| 3650| 8200! 27~0( 2390 2040| 1780 1530 Round Ends ...| g = g.9
b.34| 5.82] 6.31) 6.79| 7.28| 7.76| 8.25| 8.73| 9.22
"ne.
7500 7110| 6750! 6350| 5960 5590| 5190| 4820, 4450 Fixed Ends.... 7 Light.
7450| 6900 6370 5930! 5520 5C80| 4590 4170 3790 Flat Endx...... r—=2-6¢
6220 5680| 5170) 4720| 4300| 8840| 3310 2890, 2520 Hinged Ends...| py _ s
4560| 4030 8100, 2690 2310| 1940( 1660, 1460 Round Ends ...| g = 4.2
4.84| 5.28 5.72| 6.16| 6.59| 7.03| 7.47| 7.91) 8.35
”n
6990| 6580 6130| 5710/ 5270| 4870 4450, 4060, 3730|Fixed Ends.... 6 He'vy
6720| 6160| 5700 4220 3790| 8400, 3100:Flat Ends......| ;= .36
5500 4960 4010| 3410! 2930! 2520| 2180, 1950 Hinged Endle. .. D =68
3870 2870 2010 1690 1460| 1260' 1100, Round Ends ...| g = 3.3
8.25' 6.82| 7.38| 7.95 8.52| 9.(9/ 9.66 10.22|10.79
"ne.
8830| 6350/ 5920/ 5470 5080| 4610 4170/ 3830, 3460, Fixed Ends.... 6 Light.
640! 5930| 5470/ 4930( 4390| 8960| 8500 8190, 2870/ Flat Ends...... = 9.7
5280| 4720| 4250, 8680| 8110, 2680/ 2250| 2020| 1770 Hinged Ends...! ) _ 5.3
8650( 3100 2190| 1790, 1550| 1310| 1150| 980|Round Ends. .| 3 = 3.5
4.95| 5.40| 5.85 6.30| 6.75/ 7.20| 7.65| 8.10 8.56
”n
5920| 5430/ 4910| 4410 8930/ 38530, 8150/ 2780 2500 Fixed Ends... 5 He'vy
5470 4880 4260| 8750| 3280| 2920| 2640| 2360 2140 Flat Ends......| ;= ;.93
4250| 3620 2070| 2480| 2080, 1820| 1570 1340, 1180, Hinged Ends... D= 49
2640| 2150| 1710/ 1440 1190| 1010| 880| 760; 670 Round Ends...| "y == 3.5
6.38] 6.96/ 7.54| 8.12] 8.70 9.28 9.0010.“|11.02I
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No. 14.
LATTICED CHANNEL STRUTS.

GREATEST SAFE LOAD IN LBS. PER SQUARE INCH OF BSECTION,
USING FACTORS OF SAFETY GIVEN IN PREVIOUS TABLES. c

For a {mir of braced channels or for a single channel secured from
flexure in the direction of the flanges and liable to fail only in the
direction of the web ¢ D. A

7 in the marginal columns gives the radius of gyration for axis
A B, or for either axis of the combined pair of channels. See de-
scription, page 121.

LeNgTH IN FEET.
Size CoNDITION

oF OF
CHANNEL. ENps. 2 4 6 8 |10 (12 | 14| 16 | 18

"
5 Fixed Ends. 18570112010(10770| 9680( 8650/ 8000 7410| 6870

Light .... 13570/12010/10770| 9680 8650 7970| 7334, 6550
T 1ews 13050|11380(10040! 8870 T750] 6910, 6100 5340
D=¢-8 12330,10440| 8820 7430 6220 5200/ 4440 8710
a4=18 .96 1.43| 1.91| 2.39| 2.87| 3.33| 3.83| 4.31

"

4 Fixed Ends....
Heavy....|Flat Ends. ..... .
r =188 Hjuged Ends...|.
D =14 Round Ends....|.

d=1-9

8650| 7810 7150| 6490; 5840
8650| 7780( 6960/ 6070: 5380
T750| 6650( 5740| 4860 4160
6220 5080 4090| 3240| 2550
3.23' 3.88) 4.52 5.17 5.81

"

4 Fixed Ends....|.....[129 8580( 7810! 7110| 6440 5800
Ll‘gﬁht.... Flat Ends...... . 8580f 7780/ 6900] 6020| 5340
¥ = 1-8¢ Hinged Ends.. .. [1232 | 7670 8650 5680 4820 4120
D =38 (Round Eunds....|. 6130| 5030 4030/ 8200| 2510
a=13-0 3.12| 3.74 4.37| 4.99 5.62

"
3 Fixed Ends....[14240/11670| 9840| R280| 7370| 6490/ 5590 4780| 8960
Flat Eods.,.... 14240|11670 9840, 8270 770, 6070 5080| 4130! 3310
r =116 | Hinged Ends...[13790/11010 9050| 7300| 6040 4860, 8840 2850| 2110
D=3'1 |Round Ends...|18160{10020; 7630| 5730, 4380| 3240, 2810| 1640 1210
Lhank s .79| 1.50| 2.38/ 3.18| 3.97 4.36| 4.76 5.15| 5.55

"
2%’ Fixed Ends....|18300{10340| 8180| 6950| 5150/ 4610| 8560 2730/ 2090
Flat Ends...... 13300110840| 8170 6660| 5280, 3960| 2950| 2320 1840
r = '8 |Hinged Ends...|12760| 9590 7170| 5450| 4060; 2680 1840| 1310| 1000
D =134 [Round Euds...|12000| 8260| 5490 8810| 2470 1550; 1030| 740! 580
a== o4 1.01) 2.02| 3.03| 4.05| 5.08 6.07, 7.08 8.10| 8.11

"

2 Fixed Ends....|12780| 9590| 7630 6220 4910| 3690 2710 1980 1580
Flat Ends. ..... 12780| 9590| 7590, 5790| 4260 8070! 2300 1760( 1300
r=-74 Hinged Ends...|12190| 8780| 6410, 4580| 2970| 1930| 1300| 950, 710
D =131 |Round Ends...|11360| 7830| 4760| 2060| 1710| 1090| 740| 550| 400
4= -8 .84| 1.68 2.52| 3.35| 4.19 5.03| 5.87 6.70| 7.54
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No. 14.
LATTICED CHANNEL STRUTS.
GREATEST SAFE LOAD IN LBS. PER 8QUARE INCH OF BECTION,
USING FACTORS OF SAFETY GIVEN IN PREVIOUS TABLES.
The channcls must be conrerted o as to

insure unity of action and separated not
less than the distances D) or d respectively,
d g‘iven in inches in the marginal columns.
¢ igures in heavy type under each length

represent the greatest distances apart in
feet on each channel that ccatres of lateral
bracing should be placed.
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TABLES OF STRUTS.

No. 15.

PENCOYD CHANNELS AS STRUTS.

GREATEST SAFE LOADS IN LBS. PER 8Q. INCH OF S8ECTION, WHEN THE
STRUTS ARE FREE TO BEND AT RIGHT ANGLES TO THE WEB OR IN
THE WEAKEST DIRECTION, USING FACTORS OF BAFETY GIVEN IN
PREVIOUS TABLES,

LENGTH IN FEET.

Size CONDITION
OF OF

CuANNEL|  Enps. 2|4 |6|8|10][12|14]|16]1s

15'" |Fixed Ends....|1424011580, 9680| 8180| 7240/ 6350) 5430 4570
Flat Ends. .. 11580, 9680/ 8170, 7080| 5330| 4880| 3920 8160
. |Hinged Ends...|13790/10910; 8870, 7170 5560| 4720 3620| 2640| 1990
* =113 |Round Ends. ... 9900 5490| 4210\ 3100| 2150, 1530| 1130

19’ |Fixed Ends....|13570/10600, 8580| 7320 6220/ 5110} 4060 8220
< |Flat Ends...... 1357010690, 8580 7210| 5790 4490| 8100 2090| 2160
Heavy....|Hinged Ends. .. 13050 9930 7670| 5980/ 4580/ 8210| 2180| 1610 1200
r==":92 'Round Ends....|12330| 8710 6130, 4320 2060  4860| 1260\ 900| 680
192'’ |Fixed Ends....;12780| 9590' 7630' 6220| 4910/ 8660; 2710| 1980/ 1580
Flat Ends. .....' 12780| 9590 7590| 590! 4260 3040| 2300, 1760 1300
Light..... Hinged Ends... 12190| 8760 6410, 4580| 2070 1910| 1300 950/ 710

T ‘74 Round Ends....;11360| 7330| 4760, 2960 1710| 1050/ 740 550
10’ |Fixed Ends... 13160/10260| 8140 6910 56701 4530| 3500( 2660| 2020
Flat Ends. ... 13160710260, 812 6600| 5180' 8870| 2000( 2260| 1790
Heavy.... Hinged Ends...(12610| 9500 7100| 5390 3950, 2600/ 1800| 1270| 970
r="-84 Round Ends....(11840| 8150| 5420| 3760/ 2300, 1500| 1000| T20| 560
10'" |Fixed Ends....[12400/ 9190| 7320| 5840| 4410' 8220 2340| 1740| 1360
Flat Ends...... 12400 9190| 7210 5330| 3750, 2690 2020| 1490 1040
Light..... Hinged Ends... 11780| 8330| 5480| 4160| 2480' 1610| 1110, 800| 600
r= -6 Round Ends,...10900| 6 4320 2550 1440, 900, 630; 450' 340
Q' |Fixed Ends....|12400( 9110| 7240/ 5750\ 4330| 3120| 2240 160 1320
Flat Ends. ...... 112400| 9110] 7080| 5230| 3r60| 2020 1950| 1430, 1000
Heavy....|Hinged Ends...|11780| 8250 5860 4060, 2400| 1550 1070, 7.0, 5%
r="-¢¢ Round Ends....|10900| €760, 4210 2470| 1390| 870 610| 430, 320
Q'! |[Fixed Ends....|11670) 8370' 6620/ 4910/ 3400| 2310/ 1660| 1240 9840
Flat Ends. . .... 11670| 8370| 621..( 4260| 2830 2000| 1390| 920 600
Light..... Hinged Ends...|11010| 7430{ 5010/ 2970| 173)| 1100| 760 560 390
r 2= -89 |Round Ends. ... {10020 3390| 1710{ 960| 630 42| 300{ 210
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No. 15.

PENCOYD CHANNELS AS STRUTS.
¢ .

s in marginal columns is the radius of gyration taken around axis 4 B.
When strut is hinged the pins are supposed to lie in the direction 4 B.
VIVhen bllhe pins are in the direction (' D, consider the strut flat ended by
this table.
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TABLES OF STRUTS.

No. 16.

PENCOYD CHANNELS AS STRUTS.

GREATEST SAFE LOAD IN LBS. PER 8Q. INCH OF S8ECTION 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,

LeENGTH IN FEET.

Size CONDITION
OF OF |
CHANNEL. ExNbs. 2 4 6
8” Fixed Ends.... 12520 I 7
Flat Ends...... 1252)' 9350 7390
Heavy....|Hinged Ends. .. 11920, 8510/ 6160
r= 71 |Round Ends ...|[11060, 7040| 4500
8" Fixed Ends....|11760| 8420 6670
Flat Ends...... 11760, 8420 660
Light ....[Hinged Ends,..|11110 7500| 5060
r=-60 Round Euds ...[10140| 5950 3440|
7" Fixed Ends.... 12140 8880 7080
Flat Ends. .....|12140; 8880( 6780
Heavy....|Hinged Ends. .. 115.10| 5560
r= 65 [Round Ends.... 100(»1 Nm 3920
7" Fixed Ends....|11670] 8280 6490
Flat Ends. ..... 11670| 8270| 6070
Light.....|Hinged Ends. .. (11010 7300| 4860
r=-8 [Round Ends ... 10020' 5730 3240
6” Fixed Ends.... (12270, 9040 7190
Flat Ends.. ....[12270] 9040 7
Heavy....|Hinged Ends. .. nasol 8160| 5800
r= 67 |Round Ends ...[10750| 6670 4150
6" Fixed Ends....[11180| 7770| 5750
Flat Ends. ... .. |11130| 7730 5280
Light ..../Hinged Ende... 10420/ 6590 4060
r=3i"" Round Ends ...| 9290| 4960 2470
5” Fixed Ends....|11490| 8140 6260
Flat Endx...... 114%)| 8120| 5830
Heavy....|Hinged Ends...[10820 7100, 4620
r= "% |Round Ends...| 9780 5420| 3000

2190

10

4610
3960
2680
1550

3500

12

4

3400f
24830
1730

960

2410

2900| 2070

1800
1000

4000
3340
2130
1230

3280
2730
1650

920

4210
3540
2280
1330

2520
2160
1200)

680

3060
W70

1510
850

2470
2120
1170

670

1720|
1460
790)
440

2000
1780,

1500
1200
670
370,

16

1840
1610
870
500

334

3

§5  BIEE  BEB

Lo
OO

l
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No. 16.

PENCOYD CHANNELS AS STRUTS.

7, in marginal columns, is the radius of gyration taken around axis A B.
When strut is hinged, the pins are supposed to lie in the direction 4 B.
gll)llen the pins are in the direction ¢ D, consider the strut flat ended by this

e.
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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,
especially 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 calculated, 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 3" for 2" diameter up to 4"’ 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 +i, 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, " thick, 8.64 sq. in. area, and 18 feet

long. r=1.95 é =111, By table No. 2 the corresponding

safe load = 6780 lbs, + 10 per cent. = 7460 lbs. per sq. inch of
section, or 64,440 lbs. 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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No. 17.
ROUND COLUMNS,
GREATEST SAFE LOADS IN LBf, PER SQ. IN. OF SECTION.

By thig table for the same ratios of ; the safe loads are increased 10 per
cent. over the results obtained for previous tables, as given in table No. 2.
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No.

17

ROUND COLUMNS.

157

GREATEST SAFE LOADS IN LBS. PER 8Q. IN. OF SECTION.

The calculations are based on the thicknesses and radii of gyration marked

under the diameters on marginal columns.

See description.

LeNeTH IN FEET.

2 | R | A4 | 26| 28| 3

1091010870 9850| 8350| 8990| 8640
10910 10370 9850/ 9350 8980| 8610
10050| 9460, §880| 8330| 7880| 7390
8490/ 7850, 7230/ 6640( 6030| 5610

10020] 9430 8990| 8620| 8:50| 7910

9070/ 8430| 7850( 74590( 6840
7430| 6740| 6030( 5610| 5010 4560

8740; 8290, 7860| 7460 7040 6610

8710, 8250( % 7070 6560 61101 H640
1520] 6 590( 5240

5750( 5090, 4490| 3960| 8460
7330| 6740| 6190} 5660| 5110] 4580

2 2990
8780| 3150 2580( 2080| 1720 1440
6100| 5440( 4760| 4R10( 3670 8160
4020( 3500} 3050

5530 2680
4160 3310| 2640| 2220( 1850| 1540
2490/ 1900 1520 1260/ 1030 &60)

4580] 3880( 3260| 2770( 2320
3850 2040

2470 2000 1590| 13°0| 1110( 940
1440 1110 900| 7 630[ 530

6460|Flat Ends. .

2780 Flat Ends, .

.|Flat Ende,.

| Flat Ends.
Round Ends..

5130 Hinged Ends. ..
83850/ Round Endes, ...

5400, Fixed Ende,...
4680.Flat Ends. ...

8260 Hinged Ends. ..

1880 Round Ends. ..

CONDITION 0?1'1?:3
oF
DiaME-
Enps.
% TER.
"
7170|Fixed Ends.... 12
7520|Flat Ends. . ... Diameter.
6180{Hinged | nds...| ¢’/ thick.
4370|Round Ends....| R=3-%4
1 O "
6940:Fixed Ends....

Dlameter.

lhlck
=3

3300'Fixed Ends....
... Diameter.
1610iHinged E1 ds. ...
910/ Round Ends...,

2110/Fixed Ends....
1870/Flat Endx, ...
1000/ H nged Ends. ..
580|Round Ends.. ..

1360/ Fixed Ends....

1010|Flat Ends.....
610/Hinged Ends...
330/ Round Ends....

.|Fixed Ends....

.|Hinged Erds. ..
Roullz:! Ends....
.|Fixed Ends....

Hinged Ends::' Diameter,

6!/

' thick,
= 2°00
5 "
Diameter,
'’ thick.
—=1-64
4'/
Diameter.
' !lmk

=i
3! ’
Diameter,
&’ thick.
R=100
o

. h’ihu"k
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_ No. 18.

SQUARE COLUMNS.
GREATEST SAFE LOAD IN LBS. PER SQUARE INCH OF SECTION.
By this table for the same ratios of l?, the safe loads are increased 5 per

cent. over the results obtained in table No. 2.




TABLES OF S'I‘BU’I'S.
)
No.18. '\
1.
SQUARE COLUMNS;’ AT i
GREATEST SAFE LOAD IN LBS. PER SQUARE IﬁCI! OoF
The calculations are based on the thicknesses and radii of gyration,

gmrked under the diameters in marginal col Sce p ding descrip-
on
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RIVETS AND PINS.

Rivets must be proportioned with sufficient bearing surface to
resist crushing, and sufficient sectional area 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.

The effective bearing area of 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 section for double shear.
For pins, the pressure on the pins multiplied by the leverage
with which it acts on the pin supports is the bending moment.
(See bending moments, page 78.)

The ultimate crushing strength of wrought iron is taken as
equal to its tensile strength, viz., 50,000 lbs. per square inch,
the shearing strength at % of same, viz., 40,000 Ibs. per
square inch., The ultimate modulus of rupture is taken at
50,000, which is a fair estimate for cylindrical sections, as the
average of many experiments we have made on 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 diameter of the pin multi-
plied by 50,000.

The ultimate bending moments in inch 1bs. correspond to the
given diameter of pins, and are derived from the formula

50,000 I
M= s
which can be reduced to this form,

M = 6250 x area x diameter, 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, 1 of ultimate strength.
For light highway bridges, jof ¢ “
For roof trusses, etc., 4ot ¢ ¢

Ezample.—A pin has its supports located three inches apart,
and bears a load of 100,000 lbs. in the middle. What should
the diameter of the pin be for a safety factor of five ?

100,000 1bs. x 8"
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 123922, 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, 1 '

Bending moment = = 75,000 inch lbs.
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WROUGHT IRON AND STEEL.

ULTIMATE STRENGTH OF RIVETS AND PINS OF

WROUGHT IRON.

For the working strength divide th:af tabular figures by the desired factor of
ety.

ULTIMATE
DIAMETER AREA IN ULTIMATE CRUSHING ULTIMATE
IN INCHES SQUARE STRENGTH FOR | STRENGTH PER|BENDING Mo-
OF RIVET INCHES SINGLE SHEAR [INCH THICKNESS| MENT IN
OR PIN. . IN LBS. oF BeariNg | INCH Lps.
SURFACE.
X .196 7840 25000 614
- T .48 9920 28125 873
fi .807 12280 31250 1199
& .31 14840 34875 1595
% 442 17680 87500 2073
43 .518 0720 40625 2632
% .601 24040 43750 387
1inch. .85 81400 50000 4906
b1 994 39760 56250 6993
X 1.227 49680 62500 - 9586
% 1.485 59400 68750 12762
% 1.767 70680 75000 16566
% 2.074 82060 81250 21065
X 2.405 96200 87500 26305
% 2.761 110440 93750 32357
2 inches. 3.141 1 100000
% 3.547 141880 106250 47109
X 3.976 159040 112500 55013
% 4.430 173200 118750 65757
% 4.908 196320 125000 76688
% 5.412 216480 131250 88792
X 5.940 237600 137500 102094
% 6.492 143750 116825
8 inches. 7.068 282720 150000 132426
% 7.670 806800 156250 149694
X 8.296 831840 162500 168514
% 8.946 857840 168750 188705
X 9.621 384840 175000 210459
% 10.321 412840 181250 233885
X 11,045 441800 187500 258009
% 11.793 471720 193750 285618
4 inches 12.566 502640 200000 314150
% 13.364 534560 206250 944540
X 14,186 567440 212500 876816
% 15.033 601320 218750 411057
X 15.904 636160 447300
% 16,800 672000 231250 485628
% 17,721 708840 237500 526002
% 18.665 746600 243750 568700
5 inches, 19.635 613600
% 20.629 825160 256250 660773
X 21.648 865920 262500 710328
% 22.691 907640 08750 762268
X 23.758 950320 816667
5% 4.850 994000 281250 873627
X 25.967 1038680 281500 933189
}% 27.109 1084360 03750 995410
6 inches. 28.274 1130960 300000 1060277
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STRESSES IN SOME SIMPLE FORMS OF FRAMED
STRUCTURES.

Compression indicated by the sign — and by solid lines.
Tension by the sign + and by dotted lines.

When the prefix ‘“stress” is used, the load borne by the
member is indicated; otherwise the length of the member is
meant,

CRANES.

Supported at the points A and B, maximum longitudinal
stresses, due to weight W, suspended at the end. These stresses
are modified by the position of the hoisting chain.

[+ A
!
i
|

D is the point where a line drawn from C at right angles to
A B will intersect the latter.

DN

Stress A C'= +j—BxW StressBo-B—ng

AD

AwamFlg 2, or_—A;—meF‘lg.

(3 —
4B= A B

When point 4 is supported by inclined back stays as shown
in Fig. 1, and when the back stay is in the plane of A B and W

ACxWxAE

Stress A E = +1B oD g

and a resulting compression ensues on

AC AB
AB=—-Sp*xWxpgp

L N
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WROUGHT IRON AND STEEL.

s AC=+j—ng

« ED=—stressDC.

Stress B E = +§,ﬁxw

“ AE=+ ﬂx(stmssc'D—w)

« BA:—(%%xw)+W

—

3 ¢ E and H are points where

/N lines drawn from D intersect

/ at right angles 4 Cand A B.

[Pm—r

?‘/‘ﬁ’-"‘\ >

""""" o X, Y and Z are the angles
formed by extending the braces
C D and B D as indicated by
dotted lines. = the hori-
zontal reaction at B

AC
w= Zpx x W.

CE CD

FIG. 6

Stress A C = +ED><W StressC’D———ETDxW

€€

BH “ __BD
AB=+D71""" BD_—Hwa

Sine ¥
A D= —stress C D x Sme X

Sine ¥
Sine Z

or = —stress BD x
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TRUSSED GIRDERS.
Weight vn Middle.
Fla. 6 Stress 4 C or
@ 8 BC=+

/ “ AB=-—

“ DC=—

aly Qo
®|y oy

0:\4
\
3 b,m NS

—_——

Weight out of Centre,

Fe.7 BS'tressA(7=+:':BC—:z—g"W
\\ ° //// « Bo=4BCxAD
N ABxDC
stressAB=—j§+ﬁng
“ DC=-W
——e

Equal Loads W. W.

FiG. 8
A @ @ DStressAHorDE=+AEx w
- - Z BH
\\ /*
'\, / “ N AB
\\ _______ /’/ HE=+ BE* L4
H E
Stress AD:‘%" W

“ BHorCE=-W
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A}

TRUSSED GIRDERS.

Unequal Loads W and w.

Stress as below on counter

FIG. 9
A ® o diagonals B E or H C according
~ B T to position of greatest load.
N N ,/
.\\\ ’l)f\ //
N _,CH W—w
b < StressCH-+B—Hx 5 )

T

Fink Truss.

FIG. 10 Stress BFor DH=—-W

B . [P 7 Stress’ CG=—3W

F~ ~H
N -~
., // [ AE’:—l*WXg

Q

|

/ Q

StressAForHE'=+1§Wx‘;ﬂ_§

« _ AG
FGorHG= + WxW

G

gl:s

FCorOH= + %’X
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Roors.
w = load concentrated on each triangular apex.‘

® Fig. 11 Strut Stresses.

Stress D F=—w

QQ
S

: g EF:‘%X

Stresses on Tves, Rafter Stresses.

StressFG=+11}wa—H Stress C E = —2 wxﬂq

BC CB

e _ BH |, _ CH

AF’-—+2}wa—0 E’A-—%WXCB
C@

‘“ 0F=+1}WXB—0
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Roors.
w = load concentrated on each triangular apex.
® Fla. 12 Strut Stresses. ‘
. StressHIorKL:—wxg‘—B
- 0B
v : W GE=—-2wx g—‘g
A F D E L B

Rafter Stresses.

Tw OB

t; KB=—(—x 1=

Stress X B (2 x&D
“ —_ 7_“’ CB CcD
gr= (2 XcCD~"* B
« ge=— (12 0B _ cD
G 2 XG.D 2wch
“« — 7_“ CB cDhD
CH= ) x'(]—D—-3wa—B

Stresses on Ties.

w DB OB
StressGIorGL:q-Txﬁxo_D
DB CB

“ EI=+10XCT§>(-0—T)

8w DB CB
CI=x5 xGB*0D

DB
FE= +8wx 5@

E L = the sum of the stresses on ¥ Eand E I.
L B = the sum of the stresses on £ L and G L.
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Roors.
w = load concentrated on each triangnlar apex.

The rafters and horizontal tie being each uniformly subdi-

Rafter Stresses.
CA
StressC D= —2 UX G R
“ DE=—2twx g—%
« EF=-38 wx%%
“ - c4
FA=—-8}wx B

Horizontal Tve.

BA

Stressat B= + 3 w x B0
. BT
BI= +stressat B + stressDBxﬁ

¢« IH=4 « BI+( “ EI"%

[ ‘s Hl
“ HA=+ IH+( FHxHF
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WROUGHT IRON SHAFTING.
- (For steel shafting see page 29.)

The ultimate resistance of wrought iron to shearing averages
about ¥ of its ultimate tensile strength, <.e., about 40,000
lbs. per sq. inch of section. The torsional resistance of any
wrought-iron shaft can be determined when the shearing resist-
ance is known ; thus, -

" T'= .198 d% for round shafts, (@)
T = .28 d¢s for square shafts. ®)

d = diameter of the shaft in inches.

8 = shearing strength in lbs. per sq. inch.

7' = the torsional moment in inch-lbs., that is, the force in lbs.
multiplied by the length in inches, of the lever through
which the force acts.

Taking s at 40,000 lbs., and assuming that in machinery the
working value of wrought iron should be taken at from one-
fourth to one-fifth of its ultimate strength, these being factors of
safety sanctioned by good practice, we adopt the mean of the
two, which makes the working resistance to shearing = 9,000
1bs. per sq. inch. Putting this in termsof the torsional moment
and of the diameter, we derive from equations @ and b,

T = 1760 d* for round shafts, ©

T = 2520 d3 for square shafts, (@)
s /T

d= ‘/ 1760 for round shafts, (e)
e

d= 1/ 2?1‘;0 for square shafts. (0]

Ezample 1.—What should be the diameter of a round wrought
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iron shaft to safely resist a force of 1,000 Ibs. actmg through a
lever 80 inches long ?

3 /1000 x 3
(e) d= —17‘;’—0 = 2.6 inches diameter.

These formul® apply to shafts subject to twisting strains
alone. In practice, however, sucn cases seldom occur, 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+ VYH* + T* ()

M = bending moments in 1nch-lbs (See page 78.) -
T = twisting ¢
T'' = a new twisting moment whlch, substituted for 7' in equa-

tions (e) and (f), will give the desired proportions for
the shaft.

In revolving shafts the longitudinal stress resulting from the
bending action is continually changmg from tension to com-
pression, and vice versa.

1t is therefore advisable, for reasons given on page 34, 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 OF M TO T FACTOR OF SAFETY. | D1visor IN ForMULA (¢).
M = .3T or less, 4} 1760
M= .6T *“ 5 ' 1570
M=T “ 5% 1439
M = greater than 7, 6 1310
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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 erank to journal in the direction of the shaft being 6 inches,
steamn pressure 80 lbs. per sq. inch, making pressure on crank
=9050 lbs.?

T = 9050 x 12 = 108600 inch-lbs.
M=9050 x 6= 54300
(9) T*=>54300 + 4/54800" + 108600* = 175720 inch-lbs,

Substituting the above in equation (¢), with the factor of safety
as explained above,

d=23 1:2;30 = 4.82 inches diameter.

The following illustrates & case where the bending moment is
greater than the twisting moment :

Ezample 8.— 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 lbs. What is the proper diameter of the shaft ?

M= (lm—*io—o)"—s“ = 83600 inch-Ibs. (see page 78).
T = 1000 x 80 = 80000 inch-lbs.
(9) T'=83600 + +33600° + 50000° = 78640 inch-lbs.

As M is greater than 7, use a factor of safety of 6, which
becomes by equation (),

d=4/ 71%‘}403 = 4.12 inches diam.

If above shaft was continuous and uniformly loaded, the
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bending moment would be less. (See Table of Bending Mo-
ments, page 80.)

HORSE POWER.

It 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 HP at 896000 inch-lbs.
6.28x T'x V

per minute, we have HP = 306000

, Where ¥ = revolu-
tions per minute,

57 HP
*) r= BOTHP,

or in terms of the diameter by equation (c) we get,
? /86 HP

The above will give the proper diameter of a shaft for trans-
mitting any desired HP when the shaft is subjected to twisting
stress alone, but, as previously stated, such a case seldom occurs,
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}5 of an inch per foot of length.
The weight of bare shafting in lbs. = 2.6d*l = W, or when as
fully loaded with pulleys as is customary in practice, and allow-
ing 40 lbs. 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 1bs., we
can derive from the authoritative formule the following :

1= 4/8734" for bare shafts, ©)

1= 3/1754° for shafts carrying pulleys, etc., (k)



174 WROUGHT IRON 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 diameter of the shaft,
we have,
L

d= for bare shafting, ()

r . .
d= V 7% 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 ().

But in shafiing, 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. It 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 ty of an inch per foot of length,
allowance being made for the weakening effect of key seats,

? /50 HP

S for bare shafts, ' (n)

d=

d= V mg L for shafts carrying pulleys, ete., (0)

1 = 3/720 & for bare shafts, ' (»)

1 = }/140d" for shafts carrying pulleys, ete., -(@
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In the event of the whole power being received on a principal
shaft, the proper size of the shaft can be estimated direct by
formula (g).

Ezample 4.—A principal shaft receiving 150 HP from the
engine, revolves 150 R. P. M., and is continuous over besrings
located 6 feet apart, the centre of main pulley being 24 inches
from one bearing and 48 inches from the other. The effective
loa 1 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,

a=19 "7.24 X 48 _ 24000 inch-Ibs,
and by formula (A) we have,
T= —630001753—159 = 63000 inch-Ibs.,

then, by formula (g) we have

T"= 24000 + 4/24000° + 630007 = 92290 inch-lbs.

and by formula (e),
H 9
d= 9—12,;373 = 8.74 inches.
BELTING.

When designing shafting, allow for the tension of belting,
50 1bs. per inch of width for single leather belt or its equivalent,
or 80 Ibs. per inch of width for double leather belt, or its equi-
valent of other material,
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WORKING PROPORTIONS FOR CONTINUOUS
SHAFTING.

TRANSMITTING POWER, BUT SUBJECT TO NO BENDING ACTION
EXCEPT ITS OWN WEIGHT.

REVOLUTIONS PER MINUTE. [Max. Dis-
DIAMETER | MAX. SAFE ToR- TANCE IN
O (noums. | o T Bovnpe, |10 |10 | |y
ap ap ap BEARINGS.

1} 5940 6 10 | 14 11.7

1% 7552 9 13 17 | 12.4

13 9482 1 16 2 13.0

1% 11602 13 20 26 13.6

2 14080 16 24 82 14.2

24 16892 19 29 88 14.8

2% 20048 23 34 46 15.4

23 28580 P14 40 54 16.0

24 27500 81 47 63 16.5

2% 86603 42 62 83 17.6

3 47520 54 81 108. 18.6

8 60417 69 108 187 19.7

8% 75460 86 129 172 20.7

8% 92812 105 158 211 21.6

4 ‘ 112640 128 192 256 22.6
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WORKING PROPORTIONS FOR CONTINUOUS
SHAFTING.

TRANSMITTING POWER, AND SUBJECT TO BENDING ACTION OF
PULLEYS, BELTING, ETC.

REVOLUTIONS PER MINUTE. |MAx. Dis-
DIAMETER | MAX. 8AFE ToR- TANCE IN
O fncha, | ¥ Tnen-Poonps, | 10| 10 | = ;ﬁ?‘;‘:
HP HP HP
13 5940 5 7 10 6.8
1% 7562 6 9 12 7.2
13 9432 8 n 15 7.5
13 11602 9 14 19 7.9
2 14080 1 17 28 8.2
2% 16892 14 21 7 8.6
2% 20048 16 24 33 8.9
23 28580 19 29 88 9.2
23 27500 22 83 45 96
P23 86603 24 36 48 10.2
8 47520 89 68" Ky 10.8
8} 60417 49 74 98 11.4
83 75460 61 92 128 12.0
8% 92812 (3 113 151 ! 12.5
4 112640 91 137 188 18.1

12
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TABLE OF CIRCLES.

Circumferences or areas intermediate of those in the table, may be found
by simple arithmetical proportion. The diameters, etc., 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.

DiAxM. cg':! AREA. || Diax. cg‘;‘; sAan. DIIAI. cg:; lAREA.
Ins. iy 8Q. INs.|| INs. To Q. INs. NS. oy ISQ. INs,
- !
.00019|'1 15-16 | 6.08684 | 2.9448 |14 15-16 | 15.5116; 19.147
0077] 2. 6.26319 | 8.1416 (5. 15.7080; 19.
00173 1-16 | 6.47953 | 8.3410 1-16 | 15.9043) 20.129
.00307|| 18 | 6.67588 | 8.5466 1-8 | 16.1007, 20.626
.006¢ 816 | 6.87228 | 8.7583 8-16 | 16.2970! 21.135
L01227(| 14 | 7.06858 | 8.9761 1-4 | 16.4934| 21.648
.01917|| 516 | 7.26493 | 4.2000 516 | 16.6897| 22.166
.02761 7.46128 | 4.4301 8 | 16.8861, 22.691
.03758|| 7-16 | 7.65763 | 4.6664 7-16 | 17.0824| 23.221
.04909|| 12 | 7.85398 | 4.9087 1-2 | 17.2788| 28.758
.06218/| 9-16 | 8.05033 | 5.1572 9-16 | 17.4751| 24.301
.0i670|| 58 | 8.2468 | 5.4119 55 | 17.6715| 24.850
09281|| 11-16 | 8.44303 | 5.677 || 11-16 | 17.8678| 25.406
L1045 34 | 8.63933 | 5.9396 34 | 18.0642| 25.967
.12962]| 13-16 | 8.88573 | 6.2126 || 13-16 | 182605 26.535
.15083||  7-8 | 9.032 8 | 6.4918 78 | 18.4569! 27.109
17257 15-:6 | 9.22543 | 6.777 15-16 | 18.6532 27.688
1963513, 9.42478 | 7.0686 |!6. 18.8496| 28.274
.23166||  1-16 [ 9.62113 | 7.3662 1-8 | 19.2423) 29.465
- 24850/ 18 | 9.81748 | 7.6699 || 1-1 | 1916350/ 30.680
19-32 |1.86532 | .27688{  3-16 |10.0138 | 7.9798 38 | 20.02¢7; 81.919
58 1.96350 | .30380( 14 [10.2102 | s 2058 12 | 20.4204! 33.183
21:32 [2.06167 | .33824!(. 5.16 [10.4065 | 8.6179 58 | 20.8131] 34.472
11-16 :2.15984 | .37122|| 3-8 [10.6029 | 8.9462 || 34 | 21.2058: 3).785
2 7-16 |10.7992 | 9.2806 78" | 21.5984 87.T22
1-2 110.9956 | 9.6211 7. 21.9911! 38.485
9-16 [11.1919 | 9.9678 1-8 | 22:3838 59.871
58 |11.3883 [10.821 || 1-4 | 22.7765, 41.282
11-16 |11.5846 [10.680 38 | 23.1692; 42.718
34 [11.7810 [11.045 1-2 | 23.5619; 44.179
1316 |11.9373 11,416 (| 58 | 23.9516, 45.664
78 112.1737 [11.993 | 384 |24.3473 47.173
1516 [12.3700 [12.15%7 [| 78 | 24.7400 48.707
. 2.5664 (12.566 | 25.1327| 50.265
1-16 {12.7627 [12.962 || 18 .5254; 51.849
1-8 12,9591 (18.364 | 1-4 | 25.9181| 53.456
816 (13.1554 (13.772 || 88 | 26.3108; 55.088
14 (13.3518 [14.186 ![ 12 .7035! 56.745
5-16 |13.5481 [14.607 || 58 | 27.0062] 58.426
13.7445 [15.033 || 84 .4889; 60.132
7-16 13.9108 |15.466 || 7-8 27.88!6, 61.862
12 [14.1372 [15.904 |[9. 28.2743' 63.617
9-16 [14.3335 [16.349 ‘ 1-8 | 28.6670. 65.397
58 [14.5299 [16.800 14 | 29.0597 67.201
11-16 (14.7262 [17.257 || 88 | 29.4524! 69.029
34 149226 [17.721 || 12 |29.8451 7
18-16 |15.1189 [18.190 58 | 80.2378/ 72.760
78 [15.3153 [18.665 34
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TABLE OF CIRCLES—Continued.

ccunm.p AREA. DIINA)( cg':; AREA. || D1aw. CS:‘; AREA.
Tas, 8Q. INs. 8. Ins, SqQ. Ins.|| Ins. Tus, SQ.‘INB.
|
1.0232 76.589|[16 84 | 52.6217| 220.35 | 23 5-8 | 74.2201' 438.36
81.4159 .540|| 78 | 53.0144| 228.65 74.6128 443.0;
1.8086| 80.51617. 58.4071| 226.98 78 | 75.0055 447.69
33.9013| 82516/ 18 | 53.7908| 230.33 |24 75.3082, 452.
'5040| 84.541)| 14 | 54.1925| 283.71 18 | 75.7909 457.11
32.0867| 86.590 54.5852| 237.10 14 | 76.1836) 461.86
33.3794| 88.664|| 1-2 | 54.9779| 240.53 76.5763| 466.
83.7721| 90.763|| 58 | 55.3706| 243.98 1-2 | 76. 471.44
34.1648| 92.886|| 84 | 55.7683| 247.45 58 | 77.3617, 476.26
84,5575 95.033|| 7-8 | 56.1560( 250.95 84 [ 77.1544 481.11
84.9502| 97.205//18. 56.5487| 254.47 78 | 78.1471| 485.98
85.8429| 99.402|] 1-8 | 56.9414| 258.02 | 25 78.5898' 490.87
85.7856 101.62 14 | 57.3341| 261.59 1-8 | 78.9325 495.79
86.1283| 108.87 88 | 57.7268| 265.18 14 | 79.8252! 500.74
86.5210 106.14 1-2 | 58.1195| 268.80 88 | 79.7179| 505.71
86.9137] 108.43 58 | 58.5122 272.45 12 | 80.1106] 510.71
87.3064] 110.75 84 | 58.9049| 276.12 58 | 80.5088| 515.
87.6991| 118.10 78 | 59.2076| 279.81 34 | 80.8460| 520.77
88.0918| 115.47 (|19. 59.6903| 283.53 78 | 81.2887| 525.84
88.4845| 117.86 18 | 60 287.27 | 26. 81.6814| 530.93
88.8772( 120.28 14 | 60.4757| 291.04 1-8 | 82.0741| 536.05
89.2699| 122.72 38 294,83 14 | 82,4668 541.19-
89.6626| 125.19 1-2 | 61.2611| 298.65 88 | 82.8595 546.35
40.0558| 127.68 58 | 61.6538 802.49 12 | 83.2522| 551.55
40.4480( 130.19 84 | 62.0465 806.35 58 | 83.6449| 556.76
40.8407| 182.73 78 | 62.4392| 310.24 84 | 84.0376! 562.00
41.2834) 185.30 | 20. 62.8319| 814.16 || 7-8 | 84.4308| 567.27
41.6261, 137.89 1-8 | 63.2246| 318.10 | 27 8. 572.56
42.0188| 140.50 14 | 63.6173| 822.06 1-8 | 85.2157| 577.87
42,4115 143.14 8-8 | 64.0100| 226.05 14 | 85.6084| 583.21
42.8042| 145.80 12 | 64.4026| 830.06 88 | 86.0011| 588.57
43.1969| 148.49 58 | 64.7953| 834.10 1-2 | £6.3938| 593.96
43,5896 151.20 65.1880| 838.16 58 | 86.7865| 599.87
43,9823 158.94 7-8 | 65.5807| 842.25 34 | 87.1792' 604.81
44.8750| 156.70 |21 65.9734| 846.36 7-8 | 87.5719 610.27
44,7677 159.48 1-8 | 66.3661( 850.50 | 28. .9646! 615.75
45.1604| 162.30 14 | 66.7588| 854.66 1-8 | 88.8573 6:1.26
45.5531| 165.18 88 | 67.1515| 858.84 14 | 88.7500 626.80
45.9458| 167.99 12 | 67.5442| 863.05 88 | 89.1427| 632.36
46,3385 170.87 58 | 67.9369| 367.28 1-2 | 89.5354 637.94
46.7312| 173.78 34 .3206| 871.54 58 | 89.9281, 643.55
47.1239| 176.71 78 | 68.7228| 375.83 84 | 90.3208 649.18
47.5166| 179.67 (|22, 69.1150| 880.13 7-8 | 90.7135 654.84
47.9083| 182.65 18 .5017| 884.46 | 29. 91.1062| 660,52
48.3020! 185.66 1-4 | 69.9004| 388.82 18 | 91.4989' 666.23
.6947| 188.69 38 | 70.2981| 393.20 14 | 91.8916 671.96
49.0874| 191.75 12 | 70.6858| 897.61 38 | 92.2843 677.71
49.4801| 194.83 58 | 71.0185| 402.04 1-2 6770 683.49
.8728| 197, 34 | 71.4712| 406.49 58 | 93.0697| 689.30
50.2655| 201.06 78 | 71.8639| 410.97 34 | 93.4624 695.13
50.6582| 204.22 ||23. . 415.48 7-8 | 93.8551| 700.98
51,0500 207.39 1-8 | 72.6493| 420.00 | 30. 94,2478 706.86
51.4438| 210.60 14 | 73.0420| 424.56 18 | 94,6405 712.76
51.8363( 218.82 88 | 73.4347| 429.13 14 | 95.0832 718.69
52.2200( 217.08 1-2 | 73.8274| 438.74 38 95.4259| 724.64
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TABLE OF CIRCLES—Continued.

Duam.| CIr- | REA. || DiaM.| CIR- | AgEa. || Diam.| CIR- | Agga,
Ins. | CpuE lSq. Ins.|| INs. ‘71'::- 8Q. INs.|| INs. | CUMF. 30, Ixs.
30 1-2 ss.mesl 730.62 |(37 38 | 117.417| 1097.1 ||44 14 | 189.015| 1587.9
5-8 | 96.2118| 736.62 12 | 117.810| 1104.5 88 | 139.408| 1546.6
84 60401 742.64 5-8 | 118.202| 1111.8 1-2 | 139.801( 1565.8
7-8 | 96.9967| 748.69 84 | 118.596| 1119.2 5-8 | 140.194| 1564.0

. 97.3884' 75447 78 | 118.988( 1126.7 84 | 140.586| 1572.8

© 1.8 | 97.7821| 760.87 . 119.381( 1184.1 78 | 140.979| 1581.6
14 m.lﬂs’ 766.99 1-8 | 119.778( 1141.6 141.872| 1690.4
88 | 98.5675 778.14 14 | 120.166| 1149.1 1-8 | 141.%64| 1599.83
1-2 | 98.9602 779.31 88 | 120.559| 1156.6 14 | 142.157| 1608.2
5-8 | 99.8529 785.51 1-3 | 120.951) 1164.2 38 | 142.550| 1617.0
8-4 | 99.7456| 791.73 58 | 121.34| 1171.7 1-2 | 142.942| 1626.0
7-8 1100.188 | 797.98 84 | 121.787| 1179.8 58 | 143.835| 1684.9
32. 100,531 | 804.25 98 | 12.129| 1186.9 84 | 143.728| 1648.9
18 B 810.54 ||39. 122, 1194.6 78 | 144.121| 1652.9
14 101.816 | 816.88 18 | 12.915 .3 (]46. 144,518 1661.9
3-8 [101.709 | 828.21 14 | 123.308| 1210.0 1-8 | 144.908| 1670.9
1-2 1102.102 | 829.58 88 | 128.700| 1217.7 14 | 145.200| 1680.0
5-8 (102.484 | 885.97 12 | 124.098) 1225.4 88 | 145.691| 1689.1
834 (102, 842.39 58 | 124.486| 1233.2 1-2 | 146.084| 1698.2
7-8 (108.280 | 848.83 84 | 124.878| 1241.0 58 | 146.477| 1707.4

. 108.673 | 855.30 78 | 125.271| 1248.8 8-4 | 146.869| 1716.5
18 |(104.065 | 861,79 ||40. 125.664| 1256.6 78 | 147.262| 1725.7
14 1104.458 | 868.31 1-8 | 126.056| 1264.5 (|47. 147.655| 1784.9
3-8 (104.851 | 874.85 14 | 126.449( 1272.4 18 | 148.048| 1744.2
12 (105.243 | 881.41 38 | 126.842( 1280.3 14 | 148.440| 1758.5
5-8 |105.636 | 888.00 12 | 127.235) 1288.2 88 | 148,843/ 1762.7
3-4 1106.029 | 894.62 58 | 127.627] 1296.2 12 | 149.228| 1772.1
7-8 |106.421 | 901.26 & 128.020] 1304.2 58 | 149.618| 1781.4

. 106.814 | 907.92 78 | 128.413| 1312.2 84 | 150.011| 1790.8
18 |107.207 | 914.61 (|41. 128,805/ 1820.3 7-8 | 150.404| 1800.1
1-4 [107.600 | 921.82 1-8 | 129.198| 1828.3 |48. 150.796| 1809.6
3-8 (107.992 | 928.06 14 | 129,591| 1386.4 1-8 | 151.189| 1819.0
12 |108.885 | 934.82 38 | 129. 1344.5 14 | 151.582| 1828.5
58 (108.778 | 941.61 1-2 | 130.876 1882.7 88 | 151.975| 1887.9
84 1109.170 | 948.42 58 | 130.769 1860.8 1-2 | 152.367| 1847.5
7-8 [109.563 | 955.25 84 | 131.161 1368.0 5-8 | 152.760| 1857.0
85. 109.956 | 962.11 7-8 | 181.554) 1317.2 84 | 158.153| 1866.5
18 {110.348 | 969.00 |(42, 181.947) 1485.4 7-8 | 153.545| 1876.1
14 (110.741 | 975.91 1-8 | 132,340 1893.7 |/49. 158.938| 1885.7
88 [111.134 | 982.84 144 | 132,732( 1402.0 1-8 | 154.831) 1895.4
1-2 [111.527 | 089.80 88 | 133.125 1410.3 14 | 154.728) 1905.0
58 |111.919 | 996.78 1-2 | 183,518 1418.6 3-8 | 155.116 1914.7
34 |112.312 (1003.8 58 ' 133.910/ 1427.0 12 | 155.509| 1924.4
7-8 |112.705 {1010.8 34 | 134.308| 1485.4 58 | 155,902 1484.2
3. 113.097 1017.9 7-8 | 134,696 1443.8 34 | 156,204 1948.9
18 [113.490 (1025.0 |(43. 185.088| 1452.2 7-8 | 156.68i| 1958.7
14 (113.883 1082.1 18 | 135.481| 1460.7 . 157.080| 1963.5
3-8 |114.275 {1089.2 14 | 135.874| 1469.1 18 | 167.472 1973.8
12 1114.668 |1046.8 3-8 | 136.267 1477.6 || , 14 | 157.865 1983.2
58 |115.061 |1053.5 1-2 136.659I 1486.2 3-8 | 158.258| 1993.1
34 [115.454 |1060.7 58 | 137.052! 1494.7 1-2 | 158.650] .0
78 {115.846 (1068.0 8-4 | 137.445| 1503.3 58 | 159.043| 2012.9
87. 116.239 (1075.2 78 | 137.837| 1511.9 34 | 150.436| 2022.8
18 |116.632 [1082.5 | 44. 138.230| 1520.5 7-8 | 159.820 2082.8
1-4 |117.024 |1089.8 1-8 | 138.623| 1529.2 |(51. 160.221| 2042.8
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TABLE OF CIRCLES—Continued.

Diax. | CIB- | Agga. || Draw. | CIR- | Agga. || Dran. | CU AREA.

INs. | CUMF. |Sq. INs.|| INs. | CUMF. 3 INs.|| INs. | CUMF. iSq. ]INs.
Ins. Ins.

51 1-8 | 160.614( 2052.8 |88. 182.212| 2042.1 ((64 7-8 | 208.811| 3305.6
14 | 161.007( 2062.9 18 | 182.605 2653.5 . 204.204| 3318.3
8-8 | 161.399] 2073.0 14 | 182,998/ 2664.9 1-8 | 204.596| 8331.1
12 | 161.792 .1 3-8 | 183.390, 2676.4 14 | 204.989( 3343.9
58 | 162.185 3.2 1-2 | 183.783| 2687.8 3-8 | 205.388 3356.7
84 | 162.577| 2108.3 58 | 184.176 2099.3 1-2 | 25.774| 3369.6
78 | 162.970( 2113.5 34 | 184.569| 2710.9 58 | 206.167| 3382.4

s2. 163.863| 2123.7 7-8 | 184.961( 2722.4 34 | 206.560| 8395.3
18 | 163.756( 2133.9 |(569. 185.354| 2734.0 7-8 | 2 6.952| 3408.2
14 | 164.143| 2144.2 1-8 | 185.747| 2145.6 [|66, 207.345| 3421.2
3-8 | 164.541| 2154.5 14 86.139] 2757.2 1-8 | 207.738| 3434.2
12 | 164.934| 2164.8 88 | 186.532 2i68.8 1-4 | 208.181| 3447.2
58 | 165.826| 2175.1 12 5.925| 27680.5 38 | 208.528| 3460.2
34 | 165.719| 2185.4 58 | 187.317) 2782.2 1-2 | 208.916( 3478.2
7-8 | 166.112| 2195.8 34 | 187.710( 2303.9 5-8 | 209.309| 3486.3

B3, 166.504/ 2208.2 78 | 188.103) 2815.7 34 | 209.701| 3499.4
18 | 166.897| 2216.6 |60, 188.496| 2827.4 7-8 | 210,084 3512.5
14 | 167.290( 2227.0 18 | 188.888| 2839.2 ||67, 210.487| 8525.7
3-8 | 167.683( 2237.5 14 | 189.281| 2851.0 18 | 210.879| 5538.8
1-2 | 168.075| 2248.0 3-8 | 189 674] 2862.9 211.272| 3552.0
5-8 | 168.468( 2238.5 1-2 | 190.066| 2874.8 3-8 | 211.665 3565.2
8-4 | 168.861| 2209.1 190.459( 2386,6 1-2 | 212.058| 3578.5
78 | 160.253| 2279.6 34 .852| 2888.6 212.450| 8.591.7

b4 169.646| 2290 2 7-8 | 191.244| 210.5 84 | 212.843( 3605.0
1-8 | 170.039| 2300.8 ||61. 191,637 23R2.5 7-8 | 218.236| 3618.3
14 | 170.481f 2311.5 1-8 | 192.030| 2934.5 |(68. 213.628| 3631.7
88 | 170.84| 2322.1 14 | 192.423| 2916.5 1.8 | 214.021| 8645.0
1-2 | 171.217| 23R8 3-8 | 192.815 2958.5 1-4 | 214.414| 8658.4
5-8 | 171.609| 2313.5 1-2 | 163.203| 2970.6 38 | 214.806( 3671.8
84 [ 172.002) 234.3 58 | 193.601] 2982.7 1-2 | 215.199| 3685.3
78 | 172.395| 2365.0 193.993| 2994.8 5-8 | 215.592/ 3698.7

5S. 173.788| 2375.8 78 | 194.386| 8006.9 84 | 215.984' 3712.2
1-8 | 173.180| 2386.6 (|62 194,779 3019.1 7-8 | 216.8377| 375.7
1-4 | 173.573( 2397.5 1-8 | 195.171| 3031.3 ||69. 216.770| 8739.8
8-8 | 173.966| 2108.3 14 | 195.564| 8043.5 1-8 | 217,163 8752.8
12 4 2419.2 195.957| 8055.7 14 | 217.555| 8766.4
58 | 174.751| 2430.1 1-2 | 196.350| 8068.0 38 [ 217.948/ 3780.0
84 | 175.144| 2441.1 196.742| 3080.3 1-2 | 218.341| 8798.7
7-8 | 175.536| 2452.0 197.135| 8092.6 58 | 218.733| 3307.3
. 175.929| 2463.0 7-8 | 197.528| 8104.9 34 | 219.128( 3821.0
18 | 176.322| 2474.0 ||63. 197.920( 38117.2 78 | 219.519| 3834.7
1-4 | 176.715( 2485.0 18 | 198.313| 8129.6 ||70. 219.911| 3:48.5
3-8 | 177.107| 2496.1 14 | 198.708| 8142.0 18 | 220.304] 3862.2
1-2 7.500| °507.2 3-8 | 199.098 8154.5 1-4 .697) 8876.0
5-8 | 177.893( 2518.3 1-2 | 199.491| 3166.9 38 | 21.000| 3889.8
84 | 178.285| 2529.4 58 | 199.884| 8179.4 1-2 | 221.482( 39u8.6
78 | 178.678| 2540.6 34 | 200.277| 8191.9 5 221.875| 3917.5
. 179.071| 2551.8 78 | 200.669 3204.4 84 .268( 3931.4
1-8 | 179.463| 2563.0 |64 201.062 3217.0 78 | 20.660/ 3945.
14 | 179.856| 2574.2 18 | 201.455 8229.6 (|71, 223.053| 8959.2
8-8 | 180.249| 2585.4 14 | 201.847| 842.2 18 | 228,446| 8973.1
1-2 | 180.642| 2596.7 202,240/ 3254.8 14 | 223.838| 3987.1
5-8 | 181.084| 2608.0 1-2 | 202.633| 3267.5 3-8 | 24.231| 4001.1
34 | 181.427| 2619.4 58 | 203.025 3280.1 1-2 | 24.64| 4015.2
78 | 181.820) 2630.7 34 | 203.418| 3292.8 58 | 25.017| 4029.2
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AREAS AND CIRCUMFERENCES OF CIRCLES. 183
TABLE OF CIRCLES—Continued.

Dian. | CIR- | Agga. || Dian. | CIR- | Agga. || Dian.| CI®- ’A’:u.

CUMF. CUMPF. CUMF.

INs. Ins. 8Q. INs.;| INs. IN®, 8Q. INs.|| INs. Ing. 8Q. INns,
92 3-8 | 200.205/ 6701.9 | 95. 208.451| 7088.2 | 07 5-8 | 306.698 7485.8
1-2 | 290.597| 6i20.1 1-8 | 208.844! 7106.9 | 84 | 807.001 T54.5
5-8 | 200.990; 6738.2 1-4 | 209.237| 7125.6 i 7-8 | 807.4¢8 7523.7
34 | 291,383 6756.4 3-8 | 209,629, 7144.3 | 98. 307.876' 7643.0
78 | 2u1.775| 6774.7 1-2 | 800,022 716.0 18 | 308.269 7562.2
3. 202.168| 6792.9 58 | 800.415 7181.8 1-4 808.6613 81.5
1-8 | 292.561| 6811.2 84 800807| T0.6 3-8 | 809.054! 7600.8
14 | 202.954! 6829. 5 ke 301.200; 7219.4 1-2 | 809.447! 7620.1
3-8 | 293.346 6847.8 | 96. 301,593 7238.2 58 | 309.840 7639.5
12 | 293.739! ¢866.1 1-8 | 801,988/ 7257.1 8-4 | 810.232. 7658.9
58 | 24.132 6884.5 1-4 | 302.378 7276.0 T8 | 810.625| 7678.3
34 | 294.524! 6902.9 88 | 802.771) 7204.9 |89, 811.018! 7697.7
78 | 2. 917| 6921.3 1-2 | 803.164' 7313.8 18 | 811.410] i717.1
4. 205.310; 6939.8 5-8 | 308.556, 7832.8 14 | 811.803| 7736.6

18 | 205.702 6958.2 || 84 | 308.949' 7T851.8 || 88
5 8 | 804.342

'Y
E )
?-E
2
§
-
-
@®

.881/ . : . 34
5-8 | 297.273| 7032.4 14 | 803.520° 7428.0 7-8 | 813, 7()7; 7834
8-4 | 297.666| 7051.0 88 | 405.913: '1447.; 100. 314,159 7854.




184 WEIGHT OF ROLLED IRON.

WEIGHT OF A LINEAL FOOT OF ROUND AND SQUAK#

IRON.
RouNDs. SQUARES. Rounbps. SQUARES.
S1zE IN S1zE IN
INCHES. INCHES.
WEIGHT WEIGHT WEIGHT WEIGHT
PER FOOT. | PER FOOT. PER FOOT. | PER FOOT.
T 0.01 0.013 32 29.82 87.969
by 0.041 0.052 31 32.07 40.833
0.092 0.117 33 34.40 43.802

0.163 0.208 33 36.813 46.875

0.654 0.833 4 41.887 53.333
1.022 1.302 41 44 .547 56 719
1.472 1.875 4} 47.287 60.208

¥
§ 0.368 0.468 8% 89.81 50.052
i
% 2.004 2.552 4% 50.11 63.802

1 2.618 | 3.333 53.013 | 67.50

1} 3.813 | 4218 || 48 | 56.00 | 71802
1L 4,00 5.208 | 4 59.067 | 75.208
13 4.947 | 6.302 4t | 62217 | m.219
14 5.89 7.50 5 65.45 | 88.338
13 6.91 8.802 || 5 | 68.768 | 87.552
11 8.017 | 10.208 5 | | eLem
11 9.203 | 11.718 i | 75.638 | 96.302
2 10.47 | 13.333 || 5y | 79.197 | 100.888
2y | 11.82 | 15.052 55 | 82.833 | 105.468
2t | 13.253 | 16.875 || 5% | 86.557 | 110.208
28 | 14.766 | 18.802 || 5% | 90.36 | 115.053
2y | 16.36 | 20.888 || 6 94.247 | 120.00

2% 18.036 22.969 Bt 102.263 | 130.208
2% 19.797 6 110.61 140.838

B!
3

3 23.56 30.00 63 119.28 151.875
3} 25.563 82.552 7 128.28 168.333
8% 27.65 35.208




WEIGHT OF ROLLED IRON.
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WEIGHT OF A LINEAL FOOT OF FLAT IRON.

THICENESS IN INCHES.

T |+ |%

| Width in Inches.

i

s

ks

opr

ke

[

0.16/0.31/0.47
$0.18 0.360.55
1 lo.21 0.420.62

140.23(0.470.70)

13 0.26!0.52|

|
u,o.w{o.sr 0.88
uio.al 0.63(0.94
14/0.34/0.68/1.02
1210.35(0.73{1.00
13,0.39(0.78/1.17
2 lo.42 0.831.24
24/0.44/0.80/1.83
a{o.n 0.94/1.41
240.49/0.901.48
24'0.52(1.04'1.56
240.55 1.09’1.64
20.57/1.141.72
2 0.60/1.201.80
3 '0.62 1.25/1.87
810.68(1.95.2.08
20.73 1.46:2.19
840.78(1.56/2.34
4 [0.8301.67/2.20
440.941.87/2.81
5 [1.04[2.08'3.13
6 [1.25/2.5013.75
7 [1.48[2.02l4.87
8 |1.67.535.00
9 [1.87(3.75.62
10.2.084.17,6.25
11/2.29/4.58/6.87

12}2.50 5.00{7.50

0.78

0.63
0.73
0.83
0.94
1.04
1.15
1.2
1.85)
1.48)
1.56
1.67
1.%7

1.88
1.98,
2.08
2.19
2.29
2.40
2.50
2.1
2.92
3.12
3.83
3.75
4.17]
5.00
5.83
6.67
7.50
8.33
9.17

10.00]

0.77
0.91
1.04
1.17

1.30
1.43
1.56)
1.69|
1.82
1.95
2.08
2.21
2.3
2.47]
'2.60
2.7
2.86
2.99
3.12
3.38
3.65
8.90
4.17
4.69
5.21
6.25
7.29
8.34
9.87

10.42
11.46]
12.50

0.94
1.09
1.25|
1.4
1.56
1.72
1.88
2.08
2.19
2.34
2.50
2.66
2.81
2.96
3.12
3.23
3.4
3.59
8.75
4.07
4.38
4.69
5.00
5.63
6.25
7.50
8.7%
10.00
11.25
12.50]
13.75
15.00

1.46)

2.00
2.19
2.37
2.55]
2.7
2.92]
3.10
3.28
38.46,
3.64
3.83
4.0
4.19|
4.37
4.74
5.11
5.47]
5.83
6.56
7.30
8.7
10.20
11.67
13.12
14.58
16.04
17.50

3.7

4.17]
4.8
4.59
4.7
5.00
5.42
5.83
6.25
6.67,
7.50
8.34
10.00,
11.67]
13.83
15.00)
16.67)
18.33
20.00|

1.56
1.82
2.08
2.34
2.60
2.86
3.13
8.38
8.65
3.91
4.17
4.43
4.69
4.95
5.21
5.47,
5.73
5.99
6.25
6.77
7.26
7.81
8.33
9.38
10.42
12.50
14.58
16.67
18.75
20.83
2.92
25.00

1.87
2.19
2.50
2.81
8.12
3.4
3.7
4.06
4.87
4.68
5.00
5.81
5.63
5.94
6.25
6.56
6.87
7.19
7.50
8.12
8.75
9.87]
10.00
11.25
12.50
15.00
17.50
20.00
.50
25.00|
27.50
30.00]

2.18
2.56
2.92
3.28
3.64
4.01
4.38
4.7
5.10
5.46)
5.83
6.20
6.56
6.93
7.29
7.66
8.02
8.38
8.7
9.48
10.21
10.94
11.67]
13.13
14.59
17.50
20.42,
23.33
26.25
29.17]
3.08]
85.00

2.50
2.92
3.33
8.75
4.17
4.58
5.00
5.42
5.83
6.2%5
6.67
7.C8
7.50
7.92
§.33
8.7
9.17
9.58
10.00
10.83
11.67
12.50
13.33
15.00
16.67
20.00
23.33
26.67
30.00
33.83
36.67
40.00




186 DECIMAL EQUIVALENTS FOR FRACTIONS.

DECIMAL EQUIVALENTS FOR FRACTIONS OF

AN INCH.

FRACTION. DECIMAL. ch'ru;x. DEcCIMAL.
o .015625 F .515625
* 03125 i1 53125
oy .046875 i 546875
Vs .0625 % .5625
& 078125 a1 578125
> -09375 it “59375
& .109375 a3 .609375
¥ 125 3 .625
# -140625 # .640625

.15625 3 .65625
171875 e ] .671875
= 1875 I -6875
33 .208125 .703125
zz, 21875 i? 71875
s .284375 i 734875
% .25 % .75
11 .265625 4 765625
9 .28125 23 .78125
i% .296875 1 .796875
£ -8125 i -8125
g), .328125 13 .828125
3 .34375 i .84375
22 . 359375 & .859375
) .875 3 .875
ﬁ .390625 —é .890625
; .40625 ; .90625
i1 421875 3 .921875
e 4375 : § .9375
2% .453125 Li .953125
g& .46875 .96875
*% .§84375 1 .984875




STANDARD SEPARATORS FOR PENCOYD BEAMS. 187
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STANDARD SEPARATORS FOR PENCOYD I BEAMS,

The figures in the third column are the weights in lbs. for cast iron sepa-
rators suitable for beams, placed with flanges in contact. When the flanges
are segsmted. add the amount corresponding to the distance of separation,
given in the fourth column. In the same¢ way the weight of bolts may be
obtained in the final columns.

Example.—A pair of 12" heavi' beams have the flanges separated 1§ inches,
the weight of one separator will be 2.76 x 1§ + 16 = 20.141br. One # bolt
complete and suitable for close flanges, will weigh 1,69 lbs. Add to this.128
x 1} = 1.88, which is the weight of bolt required.



188 BOLTS AND NUTS.

BOLTS AND NUTS.

MANUFACTURER’S STANDARD.

WeienT OF HEAD || Weignr
81z oF NuT.

DIAMETER| AND Nur. orF BoLr

Bobigs

or
PER INCH
BoLT. OoF
s Thick-

Width. ness, | Bole Square. | Hexagon. LENGTH.
3 o+ 4 .034 .031 .014
& 1?,; o Pt .087 .055 .021
2 ] 1 # .110 .105 .031

1 i3 s 181 A7 .042
1 by % b 210 .192 055
1 3 5 e 280 .233 055
14 5 % PEos 369 .885 .069
13 & 3 3 431 .408 .085
11 £ 1 3 545 .475 .085
1L & &8 I ..... .668 .085
1 g-E 76 | 673 || .12
1 g0 2 | ..... 770 .123
1L t 3 S | I .964 .128
15 % %3 . 1.84 1.14 .167
1 1 %3 S | R 1.19 .167
1 1 B ‘S | 1.28 .167
13 % 15 z 1.46 | ..... 167
13 1 1 1 1.75 1.48 218
13 14 4 1 | ..... 1.65 218
2 1 3 1 .24 | ..... 218
2 e By 13 2.47 | ..... .27
2 lf 4 1 ..... 2.48 .276
2L 14 4 1% 8.14 | ..... .276
2 1L 1, 1 3.714 | ..... .341
2 i | 1% 11 ..... 3.46 || .341
P 14 145 14 4.47 | ..... .841
2k 1} 13% 13 ] ... 4.63 412
2% 12 13 13 5.8 | ..... 412
2% 1% 18 1} ' ..... 6.11 .491
8 1% 18 1} , 7.59 | ..... .491




BOLTS AND NUTS. 189

BOLTS AND NUTS.

MANUFACTURER’S STANDARD.

WeieHT OF HEAD || Wernr
S1ze or NuT.
DIAMETER AND NuT. oF BoLr
Bobpies
oF }
PER INCH
Width. | Thick- | Hole, Bovr. Square. | Hexzagon. oF
Less. LENGTH.
3 13 1% 1% cens 7.65 .2%6
8 1% 1% 1% 9.48 .516
3 1% 1% 1 cees 9.42 .668
3 13 1% 13 11.9 .668
3} 2 144 1% .. | 1128 .67
8 1% 14k 1% 14.1 767
33 2 143 2 ceee | 12,0 872
3% 2% 11% 2 .. | 12,8 872
4 2 144 2 18.6 872
4 2% 1% 2% 18.9 ceee .985
4 2% 2 : 19.3 cees 1.104

The preceding tables for bolts and nuts include the sizes of
nuts usually applied to structural work.

The sizes known as “U. S.” or ¢ Franklin Inst.” standard,
used on finished machines, are lighter than the foregoing.

The weights given in the fifth and sixth columns are for a
head and nut, or for two nuts, including the portion of the bolt
body contained in the nuts.

The final column is the weight of bolt bodies of round iron per
inch of length. To obtain the weight of any bolt : multiply the
amount in final column by the clear length between nuts in
inches and add in the weight of nuts as given in the fifth or sixth
column.

FEzample.—What is the weight of a bolt 3"’ diam. .and 20"
long between nuts, the nuts being 13" sq. x §? .123 x 20 =
2.46 + .77 =8.23 lbs. :



190 WEIGHT OF BRIDGE RIVETS IN POUNDS.

WEIGHT OF BRIDGE RIVETS IN POUNDS,

DIAMETER oF RIVET. |WEIGHT oF Two HEADS. W’i’;%‘;’&"ig‘;’;:;“

3 .036 .081
s .038 .042
i .080 .054
15 .120 .069
& .160 .085
1 .210 . .103
i .260 .123
1 .850 144
3 .440 .167
1# .540 .192
1 640 .218
145 114 .248
13 .788 276
11 1.07 .341

This table applies to rivets whose heads are a spherical seg-
ment, the contents being equal to a hemisphere whose diameter
equals 15 diameters of the rivet shank plus sth of an inch.
To find the weight of rivets, take the total thickness of material
to be riveted, which will be the length of the rivet between
heads, and multiply this by the weight per inch of length of
rivet shank, and add in the weight of the two heads.

Ezample.—Three $ inch plates are to be riveted together with
% inch rivets, required the weight of each rivet. The length of
rivet shank equals 8 x § = 2} inches. Then 2} x .167= .376,
to which add the weight of the heads .44, making .816 lb. for
each rivet,
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Angle bars, explanation of tables of dimensions. .......... 1
“ ¢ weights per yard of various thicknesses....... 89
Angles, sq. root, wexghts per yard of various thicknesses.... 10
Angle covers ook “ 13
¢ bars, elements of even legged............... ceeena. 98
“ o« “ uneven legged............ ceeeens 99
¢ ¢ moment of inertia..................... 98, 99, 104
¢ ¢ radius of gyration................. 98, 99, 104, 113
“ ‘“ as struts and tables of safe loads........... 135-140
“ ¢ acute for cable roads ......... Ceeeeerieeaen, 16
‘“ ‘“ approximate rule for beams................ .. 69
Areas and circumferences of circles.................... 178-183
Axles, ‘“ Master Car Builder’s Standard”................. 15
Beams, explanation of tables of dimensions............... 1
¢ I, dimensions of minimum and maximum sizes.. ... 2
‘I, weights of various web thicknesses............. 3
¢ elementsof Isection........ccovvevveinnnnn.... 92, 93
¢ moments of inertia.............. eeeeen 92-96, 105, 106
“  radiiof gyration.................. 92-98, 105, 106, 118
‘“  maximum load intons.............ceiiiiinn.... 90
“ factorsof safety.........ocovvinnniniiinininnnnn, 34
¢ greatest safe loads............... PN 35
““ deflection of ...... ..ottt 37
¢ limits forsafe 10ad........ovvverernnnenenenenen. 33
‘¢ % deflection..... ..iiiiiiiiiiiiiieiiaa, 39
¢ table of safe loads and deflections for IL............ 4045
‘“  unsymmetrical sections.............i0ieiuninn.... 34
‘“  withcut lateral support...... e 36, 73
“ withfixedends........oovveivieieinnnnnnn onn 38, 39
¢ continuous........ ettt e, 38, 89, 75-77
¢ cantilever...................... Ceeieeeeeeans 38, 14-71

“ dronfloor................ ceeaen Ceteessisenaeans 52-55



192 INDEX.

Beams, tables of safe loads and spacing for floors. ........ 58-62

‘  approximate rules for strength of various sections. 68, 69

“  bendingmoments.......ceiiiiiiiiiiiiiiiiiaiian 78-81

¢ subject to both bending and compression .......... 84

¢« support, brick walls............c...oieiiil 65, 66

o ¢ jrregularloads............cchiiiiinnn. 82, 83

Beam sections as struts. Tables of safe loads.......... 124-134

Belting...ooooeiiiiiiiiii ittt et e 175

Bending moments forbeams .............oocoiiiiil 78-81

“ resistance of iron to .. .......coiiiiiiiiiiieiet, 32

Brick arches for floors ........cooviiiiiiiiiiieiiiininn 54

“ ¢ tierods for........iiiiiiiiiiiiiiieiiiiien 63

‘¢ walls, beams for supporting................ ..ol 65, 66

Bulb plates. .. ooeeiiniiniiiiiiiiieiiiiiieiiiaieaans 16

L oY | PP %...(See Deck Beams.)

Cantilever beams...... et theereceiat e, 88, T4-77

Channel bars, explanation of tables of dimensions......... 1
¢ “  dimensions of minimum and maximum sec-

19 10) 1T PR 4

¢ ¢ weight of various web thicknesses........... b

b ¢ Car Builder'ssection.......cc.covivivannnn. 16

ce “ elementsof.............cciiiiiiiiiiian.. 94, 95

[ ¢ moments of inertia ......... eeeeeaen 94, 95, 105

o ¢ radii of gyration.................... 94, 95, 105

s “  tables of safe loads and deflections ......... 46-49

€ “ostruts. ... e 121-122

“ ¢ as struts. Tables of safe’loads.......... 144-153

(L ¢ approximate rule for beams................ 69

Circles, areas and circumferences...............oueo... 178-183

Columns of wrought iron..................coiieean.. 154-159

¢« safeloadsforround............ .o, 156, 157

« 8 SQUATE. .ttt ei i raaenas 158, 159

Compression, wrought iron in.................ccvivn.o. 18-22

Continuous beams .............cceiiveivnine. ...38,39, 15-77

Cover angles, weight per yard of various thicknesses....... 18

Crane StreSSeS. .« vuvtieietienneeeneeneeeranneeonnnans 168, 164
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Deck beams, dimensions of minimum and maximum sections 6
“ ¢ weights per yard of various web thicknesses... 7

o “ elementsof................. Ceresesiiaena. 97-97
€ moments of inertia................... 96, 97, 106
“ ¢ radii of gyration................ PR 96, 97, 108
o «  formula for resistance to bending............ 35
¢ ¢ tables of safe loads and deflections. ......... 50, 51

€ 3 3 ‘. [ g and spn.cing fOl‘ ﬂOOl'
beAIMS. .. ettt ieiiieiiiei i et 56, 57
¢«  gapproximate rule for beams........ PR ... 69
Deflection of iron beams........ooviuiieeiieeiiiiiinnnnns 87
o fsteel Lt e 27
“ limits of, forbeam&.......ccceiiinieininennnn 39
“  tables of, for Ibeams........ccvvieiiinannnn 4045
& ¢ ¢ ¢« .channel bars.............00uu... 4649
“ ¢« ¢« deckbeams.......c0iiiiuunannn. 50, 51
LCREE (0 Y70 T SN 78-81
“  ofshafting ........coiviiiiininiieiieeiinanens 173
Elasticity of wrought iron...........c.ooiiiiiiiiiil, 19-22
Elements of structural shapes...........coooeviviinaiinn. 87-91
“« “ « ¢ tableS......coeviiieainnn. 92-101
Factors of safety for beams...........ccovviuiiiennenanns 34
A - 1 (11 N ereieeeaans 116-117
0 e ghafting. i 171
Flat bar iron, widths and thicknesses..................... 14
¢ ¢« gpproximaté rule for beamsof............. 63
FIeXUre. ..o v.eiieiiininennecesineeeannnnns (See Deflection.)
Floor Beams. ......ooiiiieiiiiierrnneeeeenennannnns 52-55
“ * rule for weightsof.............c.eivvunnen, 53
R “ spacing of.. ... ittt i 54
o ¢ lateralstrength............... ...l 63
Formula for unsymmetrical beams....................... 35
*“  approximate, for rolled beams.................. 67
€ tables of, for beams of various sections......... 68, 69
¥F'ractions of an inch expressed in decimals ............... 186
Girder Stresses.........cvoevereivieeinanstriseneneens 165-166

Gyration, radius of................... ceecrsccntctnnens 87-88
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Gyration, radius of, for various sections................. 92-101
¢ *“ formula for various sections. . ... ... 102-111

“ ““ tables .................... RN 112,113

iC “ for round columns................... 155

“ ‘¢ square ettt iieieeas 155
Half-round bar iron, sizes...................... ceeeeiee. 14
Horse-power of shafting................................. 173
I heams....oovveiininiii e, (See Beams )
Inertia, momentsof............................... -....87-88
“ “ ¢ tables for various sections. . ........ 92-101

¢ ¢ ¢« formule for various sections.. .. ...102-111

“ “ ¢¢ for combined sections............. 108-111
Iron, ““ Pencoyd High Test™............................. 15
¢ *“Pencoyd Refined”............................... 15

‘¢ strength of wrought............................... 17
“ductility of L. 17

““ resistance to compression .......................... 18

¢ elasticity of rolled..................... ... ouuall L, 19

“ tensile and compressive tests....................... 20-22

‘¢ resistance to shearing......................... ... 23

“ “ “torsion.....iiiiiiiiiiii 28
it “ “ bending...... Pt ettt eeeean., 32
“oeolumns. ... e e 154-159

“ shafting. ..ot 170-175
Costrubs. ... i e 114-159

‘“ sizesof bars....... ........... e teteetttttienanans 14

¢ weight per lineal foot of bars........... teeesssen 184-183
Lateral strength of floor beams..... ettt eeiieeaaa 63
‘“  support, beams without........... Ceeeieiieiae, 36,73
Latticing for channel struts...................... 121, 144-149
Loads..oooiiniiiiiii i, (See Safe Loads.)
Modulus of elasticity of rolled iron................... 19-22, 89
“ o« ¢ “steel... ..., Ceeenee. 26, 27
‘¢ resistance forsteel................ Cereeeiaes 26, 27

“  *“ rupture for rolled iron ....................... 82

Pins and rivets. ...... et eeaeet it ettt e r e 160-162
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Rails, miner’s track........... cereee tesectecceiasesaaans 16
““ splicebar fordo. do.......ceeiiinieiiiieiiiienin . 16
¢ for slot of cable roads.......... ceeentetetnetneares 16

Rivetsand pins.............coviivanenn. N 160-162

Roof stresses........coceeiieeieieanncnns Ceresreeinas 167-169

Round bar iron, Sizes.........ccceeiieeieeicnrccoeneninns 14

¢ ¢« approximate rule for beams [0} S 68

Rule for weight of rolled iron . ........covvieviiinn.. 15, 68
o« ¢ ¢ jron in floor beams........ Ceerseieeens 53
¢« ¢« thrustof brick arches.......c.ovviveeevennnns 63
“ lateral strength of I beams.............cceu.. 63, 64
(U ‘s “ channel bars........ PPN 63, 64
LU beams bearing irregular loads.......... R .

Rules, approximate for moments of inertia................ 107
¢ for shafting........ ceenenanes ceeeanes cedees ....170-175

Safe load, co-efficient for................. teseetctennnaes 88
¢ loads, limits of, for beams.........c0000ene. tereeens 33
¢ ¢ greatest, forbeams.........co0iiiiiiia.. 35
‘ ““ « “ I beams.....couvunsn ceenenene. 40-45
“ e ¢ ““ deck heams............ ceererens 50-51
“ ¢ ¢ ¢ channel bars.............. ve.e..46-49
¢ ¢ for iron struts of any section ................. 119
¢ ‘“ ¢¢ ¢« <« tables of, for beams, channels,

angles and tee sections..... eeeeeen...122-159

¢ “ forcolumns............... Cereeesiieiaen 156-159
Shafting, wroughtiron ...................... Cereaees 170-175
¢ tables of diameters and lengths......... o.. 176,177

Shearing strength of wrought iron ........ veenes ceeiieies 23

Slot rail for cable roads.......... .. teeeeiiennaes ceenaen 16

Spacing of floor beams...........cciiiiiiiiiiiieiieae.n, 54

« e« «  tables of, for eyebeam sections. . ..58-62
e e o ¢« ¢ deck beam sections. .56-57

Specific gravity—iron and steel..... Cereieeiee seeenenes 80
Splice bars for miner’s track rail......... eeiaees Ceeieaes 16
Square bar iron, 8izes.........c.oeiiiiiiiiiiiiiiiieean, 14
¢ root angles, weights per yard of various thicknesses. 10
Steel, tensile strength.............. ..ol 24-26
¢ compressive strength .......... cereennse Ceeeiaeees 24-26

¢ transverse ¢ R .
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Steel, deflections of beams............. .. e eiieieraaan. 7
‘“ modulus of elasticity.......................0 7
o DS 28
. Shafting .. 29
“ostruts.. ... 29, 30, 128

Stresses in framed structures ....,. .. ereenae.. eeiian 163-169

Structural steel....................... e O 4

Struts of rolled iron................ ... 114, 159

« “osteel... L T 29, 30, 123
‘“  factors of safety for....................... .. 116, 117
‘“  table of ultimate resistance foriron............. 118
‘¢ greatest safe loads for iron of any section. ... .. ... 119
“  tables of safe loads for beam sections, ........ 124-134
“« o w ¢ angle ¢ eee....138-140
“ o e e ¢ tee ¢ e 142-143
it “ s w ‘e channel sections . ..... 144-153

Tee bars, explanation of tables of dimensions............. 1
** “ weights and dimensions of even-legged. ......... 11
“ e “ “ ¢ “ uneven-legged........ 13
“ ¢ elements of evenlegged ..................... .. 100
LT “ “ uneven-legged................ el 101
“ “ moments of inertia............... .. ... 100, 101, 104
“‘“ radii of gyration.................... . 100, 101, 104
“ ¢ asstruts and tables of safe loads............ 141-143
*“ ‘“  approximate rule for beams................. ... 69

Tension in wrought iron ....................... .~ 17-22

Tie rods for brick arches........................... ... 63

Torsional strength of wrought iron............. cereniaan. 23

Ultimate loads for iron struts. . . . . et e, 118

¢ oo ttsteel L 31
‘“  resistance of iron to bending stress. ............. 32

Weight per lineal foot of round and square iron.........., 184
LU “ ¢ flatiron........... Ceteteiiian.. 185

Weight of cast iron separators....................... ... 187

“ boltsand nuts.............o.oeoil L 188-189
€ rivets........... i teieeiiieen.,, Cereienan, 190
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Plate Naol

No.l No. 2
Wt. 200 ta 233 Lbs. Wt. 143 to 201 Lhbs.
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All weights given in pounds perYard.






Plate No. 2

Wt. 168 to 134 Lbs.
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No. 4

All weights given in pounds perYard.







Plate No. 3

All weights given in pounds perYard.
Wt. 13 4. to 1Bl Lhs.

Wt 108. to 139 Lhs.
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Plate No 4

Wt.BH.to 109.Lhs.

No.2l o No. 22
.Wt.ZB to 29 Lbe.

All weights given in pounds perYard.







Plate Nao. §

Wt 112 to 137 Lhbs.
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Wt. 80 to I0G Lbs.
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P
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No. B

LY

All weights given in pounds perYard.







Plate No B

Wt.34 to 40 Lbs. Wt.30 to 40 Lhs.

v N 4
Naol7 ; No. 18

—

PO ZK ............ > ‘2%"
Wt90 fol22 Lhs. | WL 70 to 88 Lbs

|
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)

2\’ J etem
e
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No.g |7 S No. !0

A

B L A T ey & AR

All weights given in pounds perYard.
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Plate Nao.7

Wt 50 tu 63 Lhs. - Wt 40 to 63 Lbs

L
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D 3%’ T <._A.4...,.‘J'! -------------- >
Wt.Bl to 10B.9 Lhs: WtES to 78 Lbs.
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All wetghts lezn in pounds perYard.







Plate No.B

Nald . Nol4
WtES ta B8 Lbs. Wt .81 to BE Lbs.
38 7 L - 3 NS
...... h\.\’ i a\k A
S ' o
< P
N
e . %

—

B 35y > P -
No.18 Nozl
Wt.28ta 38Lbs.  WLIB.S to BLS Lbs.
AN 1 e JN8

All weights given in pounds perYard.







Plate No. 8

No. 30

:\.' .

7§

to 204.5 Lbs.
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Car builders Channel Iran Wt.50 ta 5§.

e P >

All weights given in pounds perYard.







Plate No Il

No.32 Nn. 31

Wt. B0 to 101.S Lbs
B
72"

Wt. 88.5 to |60 Lbhs.
P

All weights given in pounds pecYard.







Flate Noll

All weights given in pounds perYard.
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Plate Nol2

No. 36 No. 37

Wt 83 ta 32 Lbs
&

Wt. 37 ta Bl Lbhs
=
00

Wt 43 to 805 Lbs.

Y

v

No. 33
Wt.30 to 54 Lbs

B A

All weights giver'in pounds pecYard.
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No. 36 No. 37
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Wt. 37 to B! Lhs
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No. 389
Wt.30 to 54 Lhbs
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Plate No.13
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No. 43
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PFlate Nol#4

Wt.104 to 138 Lhs.
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All weights given in pounds perYard.







Plate No.l5&
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Plate No.lB

No. B4 N o. ES
.................. 4%.......4.........“... -- l/‘ >

52 ta 72 Lbs.

7-Wt.

B Wt.El to B4 Lbs.

Wt. 42 to 57 Lha.

»

B

"

[ /AN

lI weights given in pnunds perYard.
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Plate No.i7

Wt. ZIES th

No.70

O R SO

Wt3 Lbs.

Wtz 52 th WtE th Wt 75 Lha

Wt. IZ Lh! Wt.7l Lbs. Wt IDE I..l:ls
....... 1%

All weights given in pounds perYard.







Flats No.IB’

Wt. 22:E Lbs. Wt.18.3 Lbs.
S ; 4

v
e

All weights given in pounds perYard.







Plate No.19

Wt. 44 I th

Wt. 20. 4 th

Wt. 48, 44 Lbs.

Wt.ZB‘._ZS Lbs.

--- L LR

i

No.837

Wt.23.75 Lhs.

All weights given in ﬁéundsierard.
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Flate Nozu
Wt. 41.B Lbs.

.2
Jo.lO!

Wt. 30.7 Lbs.

Wt.E.5 Lhs.
2%"

€ DI ey >

Wt. 25.25 Lbs.

No.B4 . » No.85

All weidhis wiveu 1 wuunds perYard






Flate No. 2l

wt.38.5 Lhbs.

e

No.10B
Wt.17.7 Lbs.

All weights given in pounds perYard.
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Plate No.22

All weights given in pounds perYard.







Plate No.23

All weights given in pounds perYard.







Plate No. 24

All weights given in pounds perYard.







Flate No. 25

All weights given in pounds perYard.







Plate No.28B

No.lBO  NoldBI No.lB2 NolB3  No.lB4

A




- B AP | e



Flate No.27

No.191 Wt5.2

WtZ2E6 Lhs - No 182

No 194, No.193.
R\
Wt.4.8 Lhe.p Yard Wt 4.3 Lbs. p Yard.
No 195 § 3.5Lbs. )
No 186 [ T4k Bato 147 Lbs
No 187 [ =R i g 135 wa s,
U — 3T >
No 198 [ W R0 20 to 345 Lbs,
g gt

All weights given in pounds perYard.







Plate No.28B .

METHOD OF INCREASING
SECTIONAL AREAS.

Cross-hatched portions represent
the minimum sections,and the
blank portions the added areas.

All weights given in pounds perYard.












