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PREFACE.

The following collection of Formulas and Tables is intended as

a ready reference for Architects and Engineers in computing the

Strains and Strength of Structures in Iron or Wood. The author

has attempted to give concisely all the necessary data required

for the calculations. The object is, to give a compilation and

transformation into simple formulas and tables, adapted to practice,

of matter contained in the works of Weisbach, Rankine, Bebhahn,

Hitter, Breyman, Gordon^ Brandt, Moll & Reuleaux, Laissle &

Schubler, Fairbairn, and others.

Among other matter may be particularly mentioned the tables

giving the capacity of rolled and cast-iron beams, and the exten-

sive table of formulas for the Moment of Inertia and Resistance

of various sections. The formulas and constants for ascertaining

the Strains in Roof and other Trusses will be found quite complete,

extending to all the different forms or systems in general use.

Under "Miscellaneous" is given necessary formulas for the cal-

culation of Lines, Areas, and Solids; also tables of Natural Sines,

Cosines, Tangents, Cotangents, Secants, and Cosecants, Area and

Circumference of Circles, Weight of Materials, &c.

WASHINGTON, D. C., March, 1873.
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FORMULAS AND TABLES

ARCHITECTS AND ENGINEERS.

Summary of Definitions and General Principles.

EXTERNAL FORCES are those forces (loads, &c.) which cause or

tend to cause the rupture of a structure.

INTERNAL FORCES are those forces which resist the external

forces; when one balances the other, the structure is said to pos-
sess Stability

EXTERNAL FORCES. INTERNAL FORCES.

Compressive strain. Resistance to Compression.
Tensional strain. Resistance to Tension.

Shearing strain. Resistance to Shearing.
Cross-breaking strain. Resistance to Cross-breaking.

COMPRESSION causes the material to fail by crushing or buck-

ling, or both.

RESISTANCE to direct Crushing: In case pillars, blocks, struts,

or rods, along which the strains act, are not so long in propor-
tion to their diameter as to have a tendency to give way by
bending sideways. This includes

Stone and brick pillars and blocks, of ordinary proportions;
Pillars, struts, and rods of cast iron, in which the length ia

not more than five times the diameter, approximately ;

Pillars, struts, and rods of wrought iron, in which the length
is not more than ten times the diameter, approximately ;

Pillars, struts, and rods of dry timber, in which the length is

not more than twenty times the diameter.

Let W= Crushing load in Ibs.

C= Ultimate resistance of material to crushing in

Ibs. per square inch.

A = Sectional area of pillar, &c., in square inches.

Then will W= A X C; and A = -Ĉ

TENSION, causes the material to be torn asunder.

(l)



2 DEFINITIONS AND GENERAL PEINCIPLES.

Resistance of bars, &<?., fe teaiing: the ultimate strength of a
bar (Co teaHng) is: whs^r

T= Ultimate resistance of the material to tearing, in
Ibs. per square inch.

W= Tearing load in Ibs.

A = Sectional area of bar, in square inches.

Then will W= A X T; and A = -^

SHEARING causes the fibres of the material to be shorn by each
other

;
when a bolt pulls out of its nut, the threads of the screw

are said to be sheared.

Resistance of bars, bolts, &c., when sheared at one place, is:

when
S= Ultimate resistance, of material to shearing, in

Ibs. per square inch.

W= Shearing load in Ibs.

A = Sectional area of bar, &c., in square inches.

W
Then will W= A X 8; and A =

~^-

CROSS-BREAKIFG a beam, &c., supported at one or both ends,
with a force at right angles to its length, sufficient to cause rup-
ture, is said to be broken across.

Resistance to cross-breaking is the resistance of the material
to compression, tension, and shearing combined

;
.

The flanges or booms, in beams or trusses, resist the bending
moment, or moment of rupture.

The web or braces, in beams or trusses, resist the shearing
forces.

CAPACITY means the load or pressure a structure is capable of

sustaining with safety.

DEFLECTION is the displacement of a beam from a horizontal,
caused by its own weight or the applied load, or both.

CAMBER is given a beam to counter balance the deflection, so

that the beam may be horizontal when loaded
;
the camber should

be equal to the computed deflection.

To find the effect of combining several loads on one beam, whose

separate actions are known: for each cross section, the shearing
force is the sum of the shearing forces, and the bending moment
the sum of the bending moments, which the loads would produce
separately.

When a load on a structure is partly static and partly moving,
multiply each part of the load by its proper factor of safety, and



DEFINITIONS AND GENERAL PRINCIPLES.

add together the products : the sum will be the load to which the

structure is to be adapted.

For a Bridge with two platforms, one carrying a road and the

other a railway, those two loads are to be combined.

Of Iron Ties, Struts, and Beams.

In designing ordinary structures of wrought iron, it saves time
and expense to use iron bars of such forms of cross section as are

usually to be met with in the market. An engineer should

avoid introducing new sections for bars into his designs, except
when, by so doing, some important purpose is to be served, or

some decided advantage to be gained. The most common forms
of rolled bars is shown by the following enumerated figures:

Avoid the use of cast iron for ties, also trussed cast-iron beams.

When a member of a structure acts alternately as a strut and
as a tie, it must have sufficient total sectional area, and sufficient

stiffness, to resist the greatest compressive strain that can act, and
sufficient effective sectional area to resist the greatest tensional

strain which can act along it.

Let all pins, bolts, rivets, &c., exposed to a shearing strain,
fit tight in its hole or socket.

Roof trusses, the divisions of a rafter, and also the struts, may
be considered as hinged at the ends.

In members under a compound strain, as for instance a trussed

beam with a distributed load, be careful to take into account the
additional compression, caused^by the bending moment.

The best distribution of the material in a section of a cast-iron

T C s

beam, for cross-breaking, is that =
;
or = -

s s, s T
When T Ultimate resistance of the material to tension.

C= Ultimate resistance of the material to compression.
s = Distance from neutral axis to most extended fibres.

s/
= Distance from neutral axis to most compressed fibres.

That is, the fibres most in tension should be nearest the neutral
axis of beam.



DEFINITIONS AND GENERAL PRINCIPLES.

In wrought-iron beams, the section may be made alike above
and below the neutral axis.

THE MODULUS OF RUPTURE should be applied to beams with
full section, or beams with continuous web only ;

for all open web
beams, or beams with very thin web, the resistance of the mate-
rial to crushing or tearing, respectively, must be used instead.

EXPANSION AND CONTRACTION of long beams, which arise from
the changes of atmospheric temperature, are usually provided for

by supporting one end of each beam on rollers of steel or hard-
ened cast iron. The following table shows the proportions in

which the length of a bar of certain materials is increased by an
elevation of temperature from the melting point of ice (32 Fahr.,
or Centigrade) to the boiling point of water under the mean

atmospheric pressure, (212 Fahr., or 100 Cent. ;)
that is, by an

elevation of 180 Fahr., or 100 Cent,:

METALS.
Brass 0.00216
Bronze 0.00181

Copper 0.00184
Cast iron 0.00111

Wrought iron 0.00120
Tin 0.00225
Zinc 0.00294
Lead 0.00290

EARTHY MATERIALS.
Brick, common 0.00355

Brick, fire 0.00050

Cement 0.00140

Glass, average 0.00090

Granite 0.00085

Marb!e 0.00087

Sandstone 0.00105

Slate 0.00104

Reference.
Let u Value given in above table, for a certain material.

I Length of a bar at Centigrade,
and I, its length at a given number of degrees Centigrade.

a= Given number of degrees, at which l/ is required.
A Superficial area of a plate ;

and A, its area at a given number of C.

B = Cubic contents of a body,
and JB/= its contents at a given number of C.

Then will l/ I

A, =
att);

,
= A (1 -f-2a u)

,
= B (1 + 3 a u).

Example : A bar of wrought iron 2 inches square, is 10 feet

long at a temperature of Centigrade ;
what is its length at an

increased temperature of 30 ?

Ans : lf
= 10 (1 -f 30 X 0.00120) == 10.036 feet.

THE NEUTRAL Axis, in a cross section of a beam, is that layer of

fibres which are neither in compression or tension, by the action

of a load on the beam
;

it always passes through the centre of

gravity of the section : provided the limits of elasticity of the

material is not exceeded. A beam supported at both ends, with
a load acting perpendicular between the supports, will cause the

fibres above the neutral axis to be compressed, and those below,
extended: the farther from the fibres to the neutral axis, the

greater the stress.



MOMENTS OF INERTIA AND RESISTANCE. 5

Under MOMENT OF INERTIA of a cross section, may be under-

stood: an internal force at rest; a static force resisting an exter-

nal force; it means the sum of all the area elements, multiplied

by the square of their perpendicular heights from the neutral

axis of the section. The moment of inertia, which we have
denoted with I, depends on the form and dimensions of the cross

section, and is expressed in square inches.

MOMENT OF RESISTANCE of a cross section is that static force

resisting an external force of compression or tension
;
it is equal to

the moment of Inertia divided oy the distance of the most ex-

tended or compressed fibres, respectively, from the neutral axis.

MOMENTS OF INERTIA AND RESISTANCE OF VARIOUS
SECTIONS.

To find the moment of inertia of any given cross section

FIRST. Divide the section into as many simple figures as possi-
ble. (See diagram, fig. 1.)

SECOND. Find the moment of inertia of each of the simple figures
about its own neutral axis, and insert the value in the following
formula :

Reference.
Letters A

y
A/t A//t

= area of simple figure, respectively; and
d, d/t d//t = its distance from its centre of gravity

to that of the whole section.

i, i/ t i//,
= moment of inertia of simple figures, re-

spectively.
I or neutral axis see centre of gravity.

fig. L

Formula.

TV (*'// + ^//
2
^//) + <&CM = moment

of inertia of whole section.

MOMENTS OF INERTIA / AND MOMENTS OF RESISTANCE

Reference.
m 7i = neutral axis of section.

r = radius,

s = distance from neutral axis to most compressed or

extended fibres.

6, h, &c. = dimensions.

A = area.



MOMENTS OF INERTIA AND RESISTANCE.

No. of Section. No. of Figure. Form of Section.

II.

2 and 3
TTlL

*
JL.

FT
.: ^ U I

m.

IV.

71

"A-

V.



MOMENTS OF INEETIA AND RESISTANCE.

Moment of Inertia 7. Moment of Resistance

= V Ah 2
bh*

h*

12

0.118A*

I2h ' 1/2



MOMENTS OF INERTIA AND RESISTANCE.

No. of Section. No. of Figure. Form of Section.

VI.

VII.

VIII. 10

;<-$. >i

IX.

X.

11

12



MOMENTS OF INERTIA AND RESISTANCE.

Moment of Inertia I. Moment of Resistance -

A A

- M/3
) A?

b,h,

A 4fts =



10 MOMENTS OF INERTIA AND RESISTANCE.

No. of Section. No. of Figure.

XL 13

Form of Section.

XII. 14

XIII. 15

XIV. 16

k &

XV. 17 and 18



MOMENTS OF INERTIA AND RESISTANCE.

Moment of Inertia J. Moment of Resistance JL
s

0.576A = (1 ^- )
A

O^T

0.424^ = -A_ ^
OK



12 MOMENTS OF INERTIA AND RESISTANCE.

No. of Section. No. of Figure. Form of Section.

XVI. 19

XVII. 20

XVIII. 21

XIX. 22

XX. 23



MOMENTS OF INERTIA AND RESISTANCE. 13

Moment of Inertia I. Moment of Resistance

AT,= - Ah
15

" "

10



14 MOMENTS OF INERTIA AND RESISTANCE.

No. of Section. No. of Figure. Form of Section.

XXI. 24

v" V ''

XXII. 25

XXIII.

XXIV.

26

27

/

XXV. 28, 29, and 30



MOMENTS OF INERTIA AND RESISTANCE. 15

Moment of Inertia I. Moment of Resistance -

TV A [h*

(6^3-6A

1



16 MOMENTS OF INERTIA AND RESISTANCE.

No. of Section. No. of Figure. Form of Section.

XXVI. 31

XXVII. 32

XVIII. 33

XXIX. 34

XXX. 35

4?;
,4,



MOMENTS OF INERTIA AND RESISTANCE. 17

Moment of Inertia J. Moment of Resistance _

5 (h*
-

h,*)_

Qh



18 MOMENTS OF INERTIA AND RESISTANCE.

No. of Section.

XXXI.

XXXII.

No. of Figure.

36 and 37

38

Form of Section.

XXXIII.

XXXIV.

XXXV.

39

40

41

A



MOMENTS OF INERTIA AND RESISTANCE. 19

Moment of Inertia /. Moment of Resistance -

bh*+ b,V

A/A*) 66

[(6
3
7t

A t^/
4+ 5 (**-*/*) + (-/) __

Jft

(ft D) &3
] 0.0491*



20 MOMENTS OF INEKTIA AND RESISTANCE.

No. of Section.

XXXVI.

XXXVII.

Nj. of Figure.

42

43

Form of Section.

XXXVIII.

XXXIX.

44

45

XL. 46, 47, and 48

jo-2 H i<

Hf"A 1
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Moment of Inertia J. Moment of Resistance_

D) 63
]

& [V +*(*'- V) +

12 (6/1 6X ^)



MOMENTS OF INERTIA AND RESISTA&CE.

No. of Section. No. of Figure. Form of Section.

XLI. 49, 50, and 51
31

XL1I.

XLIII.

52

53

XLIV.

XLV. 55



MOMENTS OF INERTIA AND RESISTANCE. 23

Moment of Inertia /. Moment of Resistance
-J

(bh*
- Z>A 2

)
2 -

467*6,7*, (bh*
-

b,A/)
*- 46A6 XAx (A

-

b/h/*2b /hh/ )

= 0.5413^

= O.G381 r*

= 0.5413 (r*r/)

r/)

= 06381 (?* r/)



24 MOMENTS OF INERTIA AND RESISTANCE.

No. of Section. No. of Figure.

XLVI. 56

Form of Section.

XLVII.

XLVIII.

57

58 *,14

-i
I

XLIX.

L.

59
f

4,

UPS"^TA 7~ ~~/f

^.
nf-

I,

1

60
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STRENGTH OF MATERIALS.

STRENGTH OF MATERIALS, &o.,

In }!>s., avoirdupois, per square inch of cross-section.
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28 STRENGTH OF MATERIALS.

MODULUS OF RUPTURE R.

According to Professor Rankine, the modulus of rupture is

eighteen times the weight that is required to break a bar of a

given material one inch scpiare (section) and one foot between

supports, the weight concentrated at the middle.

MODULUS OF ELASTICITY E
Is that power (in Ibs. generally) through which a prismatic body
of a given material, of section = 1, is assumed to be extended
double its length, or compressed to 0.

Let A Sectional area of a rod of the material.

W=- Weight or power in Ibs., which causes the extension

or compression of the rod.

I = Length in inches of rod before W is applied.

Y = The extension or compression of the rod in inches,
caused by W.



RESISTANCE TO CROSS -BREAKING AND SHEARING. 29

FACTORS OF SAFETY k.

The ultimate resistance of material should be divided by
A
Wrou^lron

nd For Proof strenSth - For Working Stress.

Steady load '. 2 3

Moving load 4 to 6

Cast Iron.

Steady load 2 to 3 3 to 4

Moving load 6 to 8

Timber.

Average 3 8 to 10

RESISTANCE TO CROSS-BREAKING AND SHEARING.

CAPACITY AND STRENGTH OF BEAMS.

Reference.

A = Area of cross-section of beam.
D = Deflection of beam from a horizontal.

E= Modulus of elasticity.
1= Moment of inertia of cross section.

M'= Maximum moment of rupture, or bending moment.
R = Modulus of rupture.
S= Vertical shearing force.

V= Pressure on supports.W= Capacity or weight of load.

c, d, 1 = Dimensions in units of length.
k = Factor of safety.
w = Weight of load per unit of length.

= Moment of resistance of cross-section.
I

p
For the stability of a beam: M= K= . .

k s

The web of a metal beam must have sufficient area to resist the

shearing force 8; that is, A = -7=7-: : : :

Ultimate resistance to shearing.

The weight of the beam must be added to W
% except in small

beams, under 60 Ibs. per lineal foot, when it may be disregarded.

[NOTE. Always use the same units of dimensions or weight.]



30 RESISTANCE TO CROSS BREAKING AND SHEARING.

Manner of loading and fastening beams. c^5 c <x>

W.I

w.

R_
I

K

J.L

<--}-
i,

~2~

T rs
'4

w.
I

5.333
5.333-

TT. K_
I
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32 EESISTANCE TO CROSS-BREAKING AND SHEARING

Manner of loading and fastening beams
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31 RESISTANCE TO CROSS-BREAKING AND SHEARING.

Manner of loading and fastening beams.
Maximum moment of

rupture Af.

T

W.I,

I?

When

When Z < ^ s/8
;

TP7 2"-
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36 RESISTANCE TO CROSS-BREAKING AND SHEARING.

Manner of loading and fastening beams.
Maximum moment of

rupture M.

Z c);

75

I c);

W

.5
>;

ifti-
21*

201st

77

78
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38 RESISTANCE TO CROSS-BREAKING AND SHEARING.

EXAMPLE. Capacity of wrought-iron l-shaped beams; top and
bottom flange alike

;
load equally distributed

;
ends not fixed.

Dimensions of Cross-section.

h = Height = 10 inches.

b = Width of flange 4 inches.

t = Thickness of flange = 0.8 inches.

t/
= Thickness of web = 0.5 inches.

h, = h 2t; b/ = b
t,.

Distance between supports 20 feet = 240 inches. Factor of

safety = 3.

MOMENT OF RESISTANCE.

I bh* &,A/ 4 x 103 - 3.5 X 8.4^ _ AQ
=

-6JT~
~

6 X 10

Capacity W.

w = (4 X 0.8 X 2 + 8.4 X 0.5) X 240 X 0.28 = 712.32 Ibs.

K= JL.-L = _38000_
. k s 3

W=8 w = 8.-^~
jp^

712.32= 12836.72 Ibs.

EXAMPLE. Capacity of cast-iron JL-shaped beams ;
load equally

distributed; ends not fixed; flange down.

Dimensions of Cross-section.

Let h = Height = 18 inches.

b = Width of flange = 9 inches.

t = Thickness of flange = 1.25 inches.

t/
= Thickness of web = 1 inch.

Area = 28 square inches. Distance between supports = 20

feet = 240 inches. Factor of safety k = 4.

MOMENT OF RESISTANCE.

Chlti A I 2\2
/ ' ^

jLL

bhz
26/A/iy + o^/jy

2 J

-*[-

bh2 2b/hh/ -\- b/

(9 X 18 2 8 X 16.752
)
2

9 x i82__ 2 x 8 X 18 X 16.75 + 8 X 16.75*

4X9X18X8X 16.75 (18 16.75)
2 n

9x 182 2x 8 X 18 X 16.75+ 8 X 16.752J
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r 452256.25 135675.00 1 ^~~

L 336.5~~ 336 5 J
~~

Capacity W.

w = 28 x 240 x 0.261 = 1754. Ibs.

* * J.-J2 .157 =1099000.
k s 4

IF= 8 - _ = 8 .
__ 1757 = 34879 ib,

6 IiT.U

For light beams no attention need be paid to weight of beam w.

CAPACITY WOF ROLLED I-SHAPED BEAMS.

Load equally distributed.

The calculations are based upon the patterns or section* used

by the Phcenixville Iron Company. Practically this applies to

all similar beams rolled in the United States, the difference in the

profile of section being slight.
In the following table the factor of safety k = 2.53:

Reference.

W= Load in tons of 2,000 Ibs., equally distributed.

w = Weight of beam in tons of 2,000 Ibs.

L = Distance between supports in feet.

I =-Distance between supports in inches.

w
/
= Weight per square foot of floor.

W
/
= Capacity of coupled or trebled beams in tons of 2,000 Ibs.

I) = Deflection in inches at centre, between supports.d= Distance between centres of beams, when spacing for

floors, in feet.

W W, . W+w Z
3

7.o tons. d= -
,
orcZ=- --, Z> = |

'

r .
--

.

L.w/ L.w,' E.I 45

K 1 = Constant, computed by formulas. (See under examples.)
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The rivets for coupled or trebled beams should be about f inch
in diameter, and 8 inches apart.

Trebled Beams.

Coupled Beams.

W,= 5.33.

Fig 80.

Fig. 79.

Examples explanatory of the following Table.

EXAMPLE. What is the capacity of a 15-inch light beam, load

equally distributed, distance between supports = 20 feet?

A" 1 =

345.19

/(*"

-
,
and W'= =r-

;
for 15-inch light beam =

'2 j JL

= 17.2 tons. This is also found at the intersection of

20 feet and column under capacity W.

EXAMPLE. What distance apart should 9-inch medium beams
be placed, the distance between supports being 20 feet, and to

carry a total load of 140 Ibs. per square foot of floor surface?

Ans. 4.4 feet; being found at the intersection of the horizontal
line from 20 feet and the vertical column under 140 Ibs.

EXAMPLE. What is the capacity of 12 inch light beams trebled,
load equally distributed, distance between supports = 25 feet?

Ans. W for 12-inch light beam == 9.19 and W, = W X 5.33 =
9.19 X 5.33 = 48.98 tons.
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CAPACITY OF ROLLED BEAMS.

Explanation of Tables for I Beams.

The first column gives the distance between supports in feet.

The second column gives the capacity in tons of 2,000 Ibs.,

equally distributed.

The third column gives the deflection in inches at centre of

beam.
The fourth column gives the weight of beam in Ibs. for length

between supports.
The fifth to fifteenth column (inclusive) gives the distance in

feet that the beams should be spaced from centre to centre, for

weight in Ibs., per sq. ft. of surface for floors.

Pounds in decimals of a ton.

Ibs. tons.

60 = 0.03

70 = 0.035

80 = 0.04

90 == 0.045

100 = 0.05

140 == 0.07

160 = 0.08

180 = 0.085

200 = 1

250 == 0.125

300 = 0.15

In using these beams for floors, with brick arching, the ends

resting on supports should have a bearing of about 8 inches,

resting on a cast-iron plate, 8 X 12 in. sq,, by 1 in. thick.

Tie rods should be used where floors are subject to heavy con-
centrated moving loads, (as trucks with merchandise, &c.

;) these
rods should be about 8 times the depth of beam apart, fastened
about J from the bottom of beam.

When beams are used to support walls, or as girders to carry
floor beams, and put side by side (II,) they should be fastened to-

gether with cast-iron blocks, fitting between the flanges, so as to

securely combine the two beams. The blocks may be put about
the same distance apart as the tie-rods.
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Fig. 81.

15" "Heavy
" Beam. Weight per If. = 66.66 Ibs.

Sectional area = 20.0"
Moment of inertia / = 652.42
Constant K' =434.95

K'
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15" "Light" Seam. Weight per If. = 51.66 Ibs.

Sectional area = 15.5"
Moment of inertia / = 517.78
Constant K' =345.19

K'

4.12
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Fig. 6

12" "Heavy" Beam. Weight per If. = 56.66 Ibs.

0.6"

Sectional area = 17.0"
Moment of inertia I = 373.53
Constant K' = 311.28

K'

5.5"
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Fig. 84.

12" "Light" Beam. Weight per If. =41.66 Ibs.

Sectional area = 12.5"
Moment of inertia /== 275.92

Constant K' = 229.94
K>
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10.5'

Fig. 85.

10.5" Seam. Weight per If. = 35 Ibs.

Sectional area = 10.5"
Moment of inertia / = 179.44
Constant K' =170.903

Kf
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Fig. 80.

9" "
Heavy" Beam. Weight per If. = 50 Ibs.

Sectional area = 15.0"

Moment of inertia / = 188.55

Constant K' 209.50
K'



48 RESISTANCE TO CROSS BREAKING AND SHEARING.

Fig. 87.

9" " Medium" Seam. Weight per If. = 30 Ibs.

Sectional area = 9.0"
Moment of inertia J = 111.32
Constant K' = 123.69

K f

W= .

L
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Fig. 88.

9" "Light" Beam. Weight per If. = 23.33 Ibs.

Sectional area = 7.0"
Moment of inertia 7= 91.06
Constant K' = 101.2

K'
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Fig. 89.

8" Beam. Weight per If. ^ 21.66 Ibs.

Sectionnl nrea = 6.5"
Moment of inertia / = 05.99

Constant K' = 82.49
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Fig. 90.

7" Beam. Weight per If.= 18.33 Ibs.

0.3"

Sectional area = 55"
Moment of inertia J = 44.84
Constant K' =64.06

K'
W-=' .

L
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Fig. 91.

6" Beam. Weight per If. = 13.33 Ibs.

Sectional area =- 4.0"
Moment of inertia I= 22.5
Constant K' = 37.64

K'
W .

L

2.75"
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CAST-IRON BEAMS.

Factor of rupture for cast-iron beams of various sections.

The factor is based on practical experiments by Hodgkinson-
Its value alters with the different proportions of the cross-sections

of beam.
Beam supported at the ends

;
load concentrated at the center.

Reference.
C= Factor of rupture.W= Breaking weight in Ibs.

A = Sectional area of beam in square inches.

I = Distance between supports in inches.

h = Height of beam in inches.

Dimensions in inches, b = Thickness of web at center is the
unit.

Fig. 92. 0.32 = 0.726

6.126 = 11.646 0.44=6

0.47 = 1.066
52= .1.186

JF%r.93.

2.27 = 5.156

= 3.20 0= 27292

1.74 = 5.86

6.125 = 17.086

.0.26 = 0.866

.30 = 6

[0.55
= 1.736

.
= 2.73 (7=28513



EESISTANCE TO CEOSS-BEEAKING AND SHEAEING.

Fig.M. 1.07 = 3.346

= 0.946

5.125 = 166

F
2.10 = 6.566

. = 2.88 (7=30330

0.32 = 6

0.57 = 1.786

Fig. 95. 1.6 = 4.216
k ->?

5.125 = 13.486

O. 315 = 0.826

i 0.38 = 6

:0. 53 = 1.396

'4.16 = 10.946

4 = 4.33 (7=35262

Fig. 96. 2.33 = 8.756

r"
i

i

5.125=19.266 |

0.31 = 1.166

-0.266 = 6

0.66=2.486

6.67 = 25.076

6.23 C= 44176
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Kl

Load concentrated at center: W= r-, or K l = l.W.
L

Beam fixed at one end; principal flange at top.

K l

Load equally distributed: W= -^-7-,
or K l = 2 .1. W.

l . V

Kl

Load concentrated at free end: W-= -jr, or K l = 4 J. IF.
. 4 .1

[NOTE. The more the sectional area is contained in coefficient .fiTi, the
more is the section economical.]

EXAMPLE. Section No. 34. Load equally distributed; beam

supported at both ends; thickness of web = 1 inch; thickness

of flange = 1} inch; height = 10 inches; width of flange = 5.9
inches. Distance between supports = 20 feet = 240 inches.

f7"\ ft^ft

W= -JT- = ^TT
= 5.48 tons capacity.

2' J.^u

I K l

The moment of resistance of cross-section =. .

8 14
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Fig. 138.

\I5?#

1

Fig. 139.
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Fig. 162.

Fig. 165.
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STRENGTH OF WOODEN BEAMS.

Capacity W in Ibs. of American white and yellow pine beams, joists,
<fec., from V x 1" to 15 x 15 in.

1
The modulus of rupture is taken at 1250 Ibs.. or 8 times safety.

K' = tabulated coefficient, to be divided by
I = distance between supports in inches, or length of beams in inches

from support to free end of beam.
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BEAMS SUPPORTED AT THE ENDS.

K'
Load equally distributed, W= or Kf

I W. I

K'
Load concentrated at centre, TF= or K' *= 21W. 2

21

BEAMS FIXED AT ONE END.

Load equally distributed, W= or K1 = 4ZTF. 3

K'
Load concentrated at free end,W= or K' = 81 W. 4

inches.
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PRESSURE ON SUPPORTS.

REACTION OF SUPPOETS.

For a continuous beam, horizontal or inclined. Load W,
equally distributed, and supports equal distance apart. Appli-
cable to trussed beams, rafters, or beams supported by three or

more supports.

Reference. (Fig. 166.)

W, = Weight of load per unit of length in Ibs.

L = Distance between supports in units of length.
P,Pll P2

= Pressure on supports in Ibs., counting from end

support to center of beam.
M

t MI, M2
= Moments of rupture over supports.

m, m lt m 2
= Moments of rupture between supports.

I, l lt 1 2
= The distance from a support to section where

moments m, m^ ra 2 occur.

By this table the pressure upon any support, from 3 to 9 in

number, can be ascertained; also the moments of rupture. The
table is used in calculating the strains in roof trusses, &c.

Fig. 166.



PRESS iJIlE ON SUPPORTS. 101

Reference. (Figs. 167, 168, and 169.)
IF, Wlt W2

= Load in Ibs.

,
l lt 1 2

= Dimensions in units of length.
P, Plt P3

= Pressure on supports in Ibs.

Fig. 167.
Three supports,

unequal distances

apart.

One support, and
fixed at one end.

Load equally distributed:
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Fig. 169.

Load concentrated at free end :

One support,
and fixed at

one end.

JTI X - rr I 7
J. I rr rr

COMPRESSIVE STRAIN AND PRESSURE ON SUPPORTS.

SLOPING BEAMS, RAFTERS, &c.

Load W equally distributed.

For the cross- breaking strain, the rafter, &c., is to be treated

as a horizontal beam of the length I. (See Compound Strains in

Beam,, &c.)

Reference.

C= Compression in direction of beam.
JJ= Horizontal strain acting on support.V= Pressure on supports.

Lower end supported vertically and horizontally ; upper end

resting on inclined support :

Fig. 170.

C= - sin . v
ft

- } (cos.*)
2

)
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Upper end fixed; lower end supported horizontally :

Fig. 171.

Upper end resting against a vertical surface
;
lower end sup-

ported vertically and horizontally :

Fig. 172.

G= W
2 sm.v

H= cotg v

V= W
F1==

EESISTANCE TO CRUSHING.

STRENGTH OF COLUMNS, PILLARS, AND STRUTS.

Reference.

A = Area of cross-section in inches.

C= Coefficient, depending on the material.

I= Least moment of inertia of cross-section.

W= Capacity of column, pillar, or strut in Ibs.

a = Coefficient, depending on the material in respect to flexure.

c = Coefficient, depending on the material.

h = The least dimension across the section in inches.

k = Factor of safety.

I = Length of column, &c., in inches.

r = Least radius of gyration.
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To find the square of the radius of gyration (r
2
)
of a plane

about a given axis, divide the least moment of inertia by the

sectional area of the plane ;
that is, r2= .

A
Values of For Malleable Iron. For Cast Iron. For Dry Timber.

C= 36,000 Ibs. 80,000 Ibs. 7,200 Ibs.

'

c 36,000
"

3,200
"

3,000
"

a = 0.000333 0.0025 0.004

The factor of safety k should be, for wrought iron = 6; for cast

iron = 8; for timber = 10. This applies to moving loads.

Case 1.

Rounded or hinged at both ends, as per

Jig.J73 :_
For square, rectangular, or circular cross-section :

II
For any other cross-section :

Case 2.

Fixed, or having a flat base at one end, and rounded or hinged
at the other, as per

For square, rectangular, or circular cross-section :

"~k~
'

pT~"

For any other cross-section:

1 QAW :

16 J
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Case 3.

Fixed, or having flat bases at both ends, as per

Fig. 175.

For square, rectangular, or circular cross-section:

w CA

l+aĴ
For any other cross-section:

W = -1- OA
k

1 + I
2

Rounded at both ends:

EXAMPLES.

Case 1.

What is the capacity of a urought-iron strut of the annexed
figure and dimensions?

I = 10 feet == 120 inches.
^1 = 4.68 inches.

Fig. 176.

0.9X 3.5+5.1x O.b

12

3.227

4T68~

36000 X 4.68 168480=
4
-

4 X 12Q2
*"

36000x0.689

57600
"

~24804~

= 12,679 ,

3.322

The same as above, in Case 3, fixed at both ends:

,- , 36000x4.69 168480

36000 x 0.689
1 +

14400

24804
168480
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For the annexed figure and dimensions
; otherwise, same as

above :

-4 = 7 inches.

Case I.

Bounded at both ends :

Fig. 177.

1X43+3X I 3

1=
12

> =M = 08
7

W i - 3600 X 7 252000
~ 4

i _L _
4 x 21

2

__ 3
~~

h
36000 X 0.8

Same as above, in Case 3, fixed at both ends :

Fixed ends :

'

36000 X 0.8

Case 3.

What is the capacity of a cast-iron pillar of the annexed figure
and dimensions ?

I = 10 feet = 120 inches.

A = 11 inches.

Fig. 178.

80000 x 11 . 880000



RESISTANCE TO CRUSHING. 107

For the annexed figure and dimensions; otherwise, same as

above.

Fig. 179.

A = 28 inches.
-J5L' >.

W=l-
80000 X 28

1+ 0.0025 ~2

^-

X
2240000

1.5625

For the annexed figure and dimensions; otherwise, same as

above.

Fig. 180.

A = 22 inches.

80000x22

1+ 0.002;

1760000

1202

1 . 562o
= 140,800 Ibs.

To find the capacity of a Column, Pillar, or Strut of any
cross-section by the following Table :

Find how many times the least dimension h across the section

is contained in the length I of column, &c. that is, then
h

multiply the corresponding number on the same horizontal line,
under K"

', by the sectional area of cross-section. This gives the

capacity in tons of 2,000 Ibs.

Let I = Length of column, &c.
A = Least dimension of cross-section.

K/f = Capacity in tons of one square inch of cross-section, to
be multiplied by sectional area of desired cross-
section.

Various sections for which this table is applicable:

Fig. 181. Fig. 182.
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Fig. 183. Fig. 184.

Fig. 186.

Fig. 185.

Fig. 187. Fig. 188.

[NOTE. This table is strictly correct, only for columns, <fcc., with circular
or rectangular cross-section. As the error is small, it may be used for

any cross-section.]

Example explanatory of the following table.

What is the capacity of a cast-iron column 10 feet = 120 inches

long, fixed at both ends, and of the annexed cross-section and
dimensions?

Fig. 189.

4-=-~=40 #"^40=1.000 tons.
h 3

Area= 6 inches.

PF= 6 X 1 = 6 tons, 8 times safety.
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Column, &c., fixed at both ends.

109
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Strength of Columns, Pillars, or Struts, of seasoned wood, round or

square section.

Fixed at both ends. All dimensions in inches.

Find how many times the least dimension across the section is

TT

contained in the length or height of column, &c.; that is, ;

then multiply the corresponding figures on the same horizontal
line under K//

by the sectional area of cross-section. This gives
the capacity of column, &c., in tons of 2,000 Ibs., 10 times safety.

Reference.H= Length of column, &c.

D = Least dimension of cross-section.

K" Capacity in tons of one square inch of cross-section, to

be multiplied by sectional area of desired cross-section.

The coefficient C for white and yellow pine in the following
table is taken at. -f- = 600 Ibs. for safety :

For oak at --J- = 800 Ibs. per square inch for safety.
EXAMPLE. What is the capacity of a pillar of oak, section

4x6 inches, length = 12 feet = 144 inches ?

= 144 =
3(5^ j// for 36 __ o.064 X 4 X 6 = 1.536 tons.D

Capacity K//
of one square inch in tons of 2,000 Ibs.
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PARALLELOGRAM OF FORCES.

COMPOSITION AND RESOLUTION OF FORCES.

Reference.

A, B, C= Forces, or strains, acting on a single point,
v, v\= angles.

Fig. 190.

.
__

(7 sin. v/"
sin. (v + v,)

'

D Csin.vB =
-
when * B =

when v + vx < 90 C=

when v -f- v/ > 90
(7
__

i>. 191.

(2

Jg 2_ 2 ^ B cas

u + v,= 90

.4 = C cos. v

-B = C sin. v = (7 cos. v/

C =

Fig. 192.
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STRAINS IN FRAMES.

iReference.

C= Compressive strain in units of weight.T= Tensile

V= Vertical

H= Horizontal "

TT= Load in units of weight.
I = Dimensions in units of length.
v = Angle between horizontal and inclined member.

For 01 oss-breaking strain, see "Resistance to cross-breaking."

Fig. 193.

cotg. v = H

Fig. 194.

C:

CS=H
H='

I

W cotg.v = cross-breaking strain at H.

H=
yj.-y- T7cotg. v = tension in H/ .

i-i,H H, = \\. (
--

) W cotg. v = comuression in C/v=u w.
'

v l /
V,= A W.
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Fig. 195.

IW
-j

.
= compression.

I, sin. v

H, W.I

cos. y ly/ . cos. y
pressiou.

v/= W-
//== W.I.

W.I

When I > 3 the portion /x is in tension = V W=
ir( T-tang.y l)\ t// i

When ^ < 13 the portion ^x/ is in compression = W V=
Wl_*

tang.y)v/

~f

Ends of beams built into wall or fixed:

- = V- W = ~
7

-^- W, = T, (tension) = C, (com-v *> /

pression.)
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3 I \ WC= ( )
= (compression) = T (tension.)

V 2l/ 1 sin. v

jj -
(

L\
p^cotg. v = (tension)

= H, (compression.)

Ends of beams not built into wall or fixed:

F= - W

V/g
- V TF= r~ W== < (compression)

= T,

(tension.)

=-- =-:

- = 2 ;

(tension.)
sin. v I/ sin. v

JZ\= Fcotg. v=- TPcotg. v= (tension)= IT, (compression.)
v

STRAINS IN BOOM DERRICKS.

C= Compression in boom.
(7/
= Compression in mast.

T= Tension in tackling.

2/= Tension in guy.
t = Tension in runner from mast head to weight.

,= Tension in runner from boom head to weight.
W = Weight or load.

H = Horizontal strain.

V = Vertical strain.

v, v lt v 2
= Angles. (See Figure.)

Fig. 198.
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IF sin. v l~

sin. (v 4- v
1

V= t/ cosin. ^
{?= Fcosec. v 2T= Fcosec. v.

STRAINS IN TRUSSES.

*/

115

IF sin. -y

sin. (v -f- v
x )

= Fcotg. v.

,= W
/=. Fcotg. V B sec. v4

STRAINS IN TRUSSES.
Load equally distributed.

Reference.
TF=r Load equally distributed in Ibs.

I = Distance between abutments.
v = Angle between horizontal and diagonal.
C'== Compression in Ibs., (denoted by thick lines.)T= Tension in Ibs., (denoted by thin lines.)

2 Bays= -

Fig. 199.

3 Bays=

Fig. 200.
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I

Fig. 201.

0- W
<72
_

0,=
3(7,

T2
= -- cosec.

2

2*3= 3^

5 Bays= 4-o

Fig. 202.

= T 3<72 cotg. v

#!= T!= 202 cotg. v

W

2T

2
= (72 cosec. v



STRAINS IN TRUSSES.

C= T = 9C,
cotg. v

cotg. v

3(7,

<73= -- cosec.

TABLE OF CONSTANTS, BASED ON FOREGOING FORMULA.

Load equally distributed.

Table of constants for strains in respective member of trusses,

from 2 to 6 bays, with diagonals inclined from 5 to 45 :

Reference.

W Load in Ibs., equally distributed over whole length of

truss, to be multiplied by constant for strain in re-

pective member.
v = Angle between horizontal and diagonal.
(7= Compression in Ibs. in respective member.
T= Tension in Ibs. in respective member.

EXAMPLE. Required, the strain in the various members of a
truss of 4 bays. Length= 40 feet; load W= 80,000 Ibs.

; angle
v = 20.

Members. Constants. W. Strains.

C = T = 1.372 X 80,000 = 109,760 Ibs.

Cf

1
= T!= 1.029 X 80,000 = 82,320

"

C2=0.25 X 80,000= 20,000
"

Cs
= 0.375 x 80,000= 30,000

"

T2
= 0.365 x 80,000= 29,200

"

T3
= 1. 095 x 80,000 = 87,600

[NOTE. When the trusses are inverted, the strains change in kind, but
not in amount]
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4 Bays

Fig. 20(>.



STEAIKS IN TRUSSES.
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Itg. 208.
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STRAINS IN TRUSSED BEAMS.

When a beam supported at the ends, is required to carry a

greater load than its given capacity, and trussing is resorted to,

it may become necessary to find what portion of the load is borne

by the different members of the trussed beam.

Reference.

LetW = Load acting on truss at a supported point. (See figure.)W1
= That portion of PFacting on diagonals.

TF^= That portion of IF acting on beam.
A

1
= Sectional area of diagonal.

A 2
-= Sectional area of beam.

_E'
1
= Modulus of elasticity of material in diagonals.

-E'
2
= Modulus of elasticity of material in beam.

a = Length of diagonal.
b = Distance between center of beam and point of support.
c = Distance between abutment and point of support.

{
= Depth of beam.
= Depth of truss.

I = Distance between center of beam and abutment.

[NOTE. Use the same unit of length and weight.]

No. 1.

Fig. 209

W- * Al El
Wl~- -- - -

1 q
2 2

J
~ '

* >
'

'
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-
Wl

*

a?
'

W, .w

When load is equally distributed W becomes | W.

No. 2.

Fig 211.

'

E,

Fi=-
A2

2
'

a3
'

Ai=
2Wl a3

A 2
'

.&

Ft* a*'

TTi=- .TT TP2=- w
- + 1

^2

When load is equally distributed W becomes f PT.
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_

-
_

/2
'

(a
2 X be)

'

A*
'

E*
3

/2
a(a

2

-. wl

_
""T

2
"'

a(a
2 +6c)

When load is equally distributed W becomes | W.
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No. 4.

Figs. 213 and 214.

(P
- & 2

)
c

2/2
'

a(a
2

El

" _
2/2

'

a(a
2 +6c)

f* a(a
2+ 5c) A 2̂

A2
'

(p 6)c
'

"TIT
'

"X"

'

(P 62
)c

'

W
TF, + 1

hen load is equally distributed TF'becomes | W.
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STRAINS IN TRUSSES, WITH PARALLEL BOOMS.

(Caused by Static and Moving Loads')

The strain in the upper boom is always compressive.
The strain in the lower boom is always tensile.

All braces inclined down from the nearest abutment are in

tension.

All braces inclined up from the nearest abutment are in com

pression.
The strains in the verticals and diagonals increase from the

center of truss to abutment.
The strains in the booms decrease from the center of truss to

abutment.
A moving load, advancing over a truss, &c., causes the maxi-

mum moment of rupture (which under an equally distributed

load is at the center of truss) to shift to one side of the center,

thereby changing the nature and amount of strain in web only.
This requires either the enlargement of those members consti-

tuting the web or the addition of so-called counters, (braces,

struts, or ties.)

To find the point from center of truss to where the addition ol

counters must commence, the following formula is used :

Let d .== Distance from center of truss to point where
maximum moment of rupture occurs, and where
counter bracing must commence.

d/= Distance from nearest abutment to ditto.

Then will d = l ^--
l^.(i + JL)

IT/ N/ W /
V W/

I

A j j I lwAnd d,= d
2 w /

These results will be found to agree with formulas for
" Counter

Strains" when Fm becomes negative.

Reference.

N= Total number of bays in a truss.

jETn= Horizontal strains in booms.

Fn= Strains in verticals.

7"n= Strains in diagonals.

Fm= Vertical strains acting on counters Ym .

Ym= Strains in counters, opposite in kind to Yn .
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W = Weight of static load, equally distributed over whole

length of truss.

W/
= Weight of moving load, equally distributed over whole

length of truss.

h = Height or depth of truss between the center of gravity of

booms.

I = Span or length of truss from abutment to abutment.

??, Number of member, counting from abutment A.

ni = Number of member, between center and abutment B.

r ^ Half the length of a panel or bay.

s = Length of a panel or bay.

w Weight of static load per unit of length I.

w/
= Weight of moving load per unit of length I.

v = Angle between horizontal and diagonal.

For other designations, see diagrams and examples.

The angle v for Howe Truss is generally 45.

The angle v for Whipple Truss is generally 45.

The angle v for Lattice Truss is generally 45.
The angle v for Warren Truss is generally 60.

The proportion of height h to span I is from \ to -3^, gener-
li7 TO-
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HOWE TRUSS. (Figs. 215, 216, 217, and 218.)

Additional Reference.

? Distance from abutment A to center of bay.

yn Distance from abutment A to apex of bay.

Static or Permanent Load, equally distributed over whole length of
Truss.

Strains in Booms.

W W

Strains in Verticals.

Strains in Diagonals.

Y*= Vn cosec. v.

Moving and Static Load, each equally distributed per unit of
length.

Strains in Booms.

W+Wl

2fi

*
' *

2hl
'

Strains in Verticals.

Strains in Diagonals.

Yn= Vn cosec. v.

Strains in Counters.

^+~(l-xmy Fm=Fn cosec. v.
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EXAMPLE. (Figs. 215, 216, 217, and 218.)

Mc,ving Load, (as railway train passing over bridge.)

We will assume W= 50,000 Ibs.

Wl
= 100,000 Ibs.

I = 100 feet.

h 10 feet.

v = 45, (cosec.
= 1.414.)

fL>rizon tu I Strains in Booms, (compression in upper, tensionin lower.)

W+ TFi a _ 50UOO_+_1
00000

~20

50000 + 100000

//2
=

J1
5
==

"~~~
2000

-n
7500. 10 75.100 =67,500 Ibs.

7000.20 75.400 = 120,000 Ibs

7500.30 75.900 = 157,500 Ibs

7500.40 75.1600 = 180,000 Ibs

7500.50 75.2500 = 187,500 Ibs

Strains in Verticals.

W W-. x~o

Strains in Fi^s. 215 216 217 218

F
1
= 25000 500.5 + 5.U5 2= 67625 Ten. Ten. Corn. Com.

F2
= 25000 500. 15 +5.85^= 53625 "

F3
= 25000 500.25+5.70a= 40625 "

F4 = 25000 500.35+5.652 =28625 "

F5
= 25000 500. 45+5. 55'2 ^= 17625

"

Counter Strains (Vm ) for Strains in Counters.

V&
= 21000 500.55 + 5.45' = 7625.

F
7
= 25000 500.65 + 5.S5 a = 5625.

Strains in Diagonals.
yn = Fn cosec v.

Strains in Figs. 215 210 217 218

Y
l =67625 . 1.414 = 95,620 Ibs. Com. Com. Ten. Ten.

Y2
= 53625 . 1.414 = 75,826 Ibs.

"

7
3
= 40625 . 1 414 = 57,44 \ Ibs.

"

F4
= 28625 . 1.414 = 40,476 Ibs.

Y5
= 17625 . 1.414 = 24,922 Ibs.

"

Strains in Counters, (dotted lines, Fig. 215, for example.)
Ym = Vm cosec. v.

Strains in Figs. 215 210 217 218

F6
= 7625 . 1.414 = 10,782 Ibs. Com. Com. Ten. Ten.

1.414= 7,954 Ibs.
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219. LATTICE TRUSS WITH VERTICAL NUMBERS.

Fig. 219. Load on either Boom.

To compute the strains in this truss, the
easiest method is to find the values of J/n ,

Fn ,

Fmi yn ,
and Fm for a Howe Truss, (Figs. 215,

|

216, 217, and 218
)
loaded in the same man-

ner, (upper or lower boom.) These values in
i the following formulas for the above truss will

|

give the required strains:

Strains in Booms.

Generally

Strains in Verticals.

Upper boom loaded compression.
Lower boom loaded tension.

U
"

l

constant.

Strains in End Post
(
U

.)

Upper boom loaded.

7o= U -\- S]_= compression.
Lower boom loaded.

U= Si= compression.

Strains in Diagonals. (D.)

D* == -

-
Generally Z>n=

Strains in Counters.

Ym
Generally Dm=
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Fig. 220. WARREN TRUSS.

Fig. 220. Lower Boom Loaded.

Additional Reference.
a?n = Distance from abutment A to center

of diagonal.

yn = Distance from abutment A to apex
of bay of upper boom.

2 n = Distance from abutment A to apex
of bay of lower boom.

Static or Permanent Load, equally distributed

over whole length of Truss.

Strains in Booms.

Upper.

W W

Lower.

W_
"m 2/u

Strains in Verticals.

W WFn = #n (
Fn acts at the end

li I

of<)
Strains in Diagonals.
Yn = Vn cosec. v.

Moving and Static Load, each equally dis-

tributed per unit of length.

Strains in Booms.

Upper.

2h 2U
Lower.

W+ Wi W+ Wi

Strains in Verticals.

W W Wi

Strains in Diagonals.

Yn = K cosec v.
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Strains in Counters.

?L - - J m + -

(I
- xm )

^ Fra
= Fm cosec. t,.

EXAMPLE. (/fy. 220.)

Moving Load (as railway train passing over bridge) on lower Bocm.

We will assume W = 50,000 Ibs.

Wi= 100,000 Ibs.

Z = 100 feet.

h = 10 feet.

v = 63 20', (cosec.
=

1.12.)

Horizontal Strains in Upper Boom. (Compression.)

W+ Wi W+ Wl 50000+ 100000- - -- -
_ i l"a --

57
- z*--^ . za

2h 2hl 2.10

50000 + 100000
2 _ 150000
= ~

2.10 . 100

-

HI = 7500 . 10 75 . 100 = 67,500 Ibs.

1T2 = 7500.20 75.400 = 120,000 Ibs.

#3
= 7500.30 75.900 = 157,500 Ibs.

H = 7500.40 75.1600 = 180,000 Ibs.

H5
= 7500.50 75.2500 = 187,500 Ibs.

Horizontal Strains in Lower Boom.
( Tension.)

W+ W, W+ IP, 50000 + 100000-- - -

2h 2hl 2.10

50000 -f 1 00000 1 50000 1 50000

100
' Jn

20 *'yn 2000

1^ = 7500.5 75.25 = 37500 1875= 35,625 Ibs.

^2 = 7500.15 75.225 =112500 16875= 95,625 Ibs.

7500.45 75.2025 = 357500 151875= 185J625 Ibs!

H2
= 7500. 15 75.225 =112500 16875= 95,625 Ibs.H3
= 7500 . 25 75 . 625 = 1 87500 46875= 140,625 Ibs.

HI = 7500.35 75. 1225 = 262500 91875 = 170,625 Ibs.

JTS = 7500.45 75.2025 = 357500 151 875 =185.625 Ibs.
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Strains in Verticals.

Yu = Fii cosec. v.

_
= ~-*n + (

2

Y
3

Counter Strains. ( Fm .)

711== 25000 500 . 52.5 + 5 . 2256.25 = 10031.25.
7
12
= 25000 500 . 57.5 + 5 . 1806.25 = 5281 25.

7, ,= 25000 500 . 62.5 + 5 . 1406.25 = 781.25.

Strains in Diagonals.

Fn= Fn cosec. v.

. 1.12= 79,835 Ibs. Compression in Y
1
and F20 .

. 1.12= 71, 715 Ibs. Tension in F2 and Y19 .

. 1.12= 63,875 Ibs. Compression in F3 and F18 .

. 1.12= 56,315 Ibs. Tension in F4 and F17 .

. 1.12= 49,035 Ibs. Compression in Y
5 and F16 .

. 1.12= 42,035 Ibs. Tension in F6 and F15 .

. 1.12= 35,315 Ibs. Compression in F
7
and F14 .

. 1.12= 28,875 Ibs. Tension in F
8
and F13 .

. 1.12= 22.715 Ibs. Compression in F9 and F12 .

, 1.12= 15,715 Ibs. Tension in F10 and Yll .

Counter Straijis.

Fm= Fm cosec. v.

. 1.12= 11,235 Ibs. Compression in F10 and Yll .

, 1.12= 5,915 Ibs. Tension in Y9 and F12 .

, 1.12= 875 Ibs. Compression in F8 and F13 .

Y
l
= 71281.25

Y
2
= 64031.25= 57031.25
=50281.25,
=43781.25
=37531.25 ,

=31531.25 ,= 25781.25 ,

=20281.25
l =14031.25,

F1X
= 10031.25

F12
= 5281.25

r, ,= 781.25
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Fig. 221. WARREN TRUSS.
r/Z7/a

Fig. 221. Upper Boom Loaded.

Additional Reference.

Xn = Distance from abutment A to center

of bay of upper boom.

yu = Distance from abutment A to apex of

bay of upper boom,
zn = Distance from abutment A to apex of

bay of lower boom.

Static or Permanent Load, equally distributed

over whole length of Truss.

Strains in Booms.

W
Upper.

, W

Lower.

W W
~~2hT2h

Strains in Verticals.

W W

Strains in Diagonals.
YQ= Va cosec. v.

Moving and Static Load, each equally dis-

tributed per unit of length.

Strains in Booms.

Upper.

rr_w+wl

2hl

2hl

Lower.

2h 2hl
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Strains in Verticals.

Strains in Diagonals.

Yu= "Fj, cosec. v.

Strains in Counters.

W
Ym= Vm cosec. v.

EXAMPLE. (Fig. 221.)

Moving Load (as railway trainpassing over bridge) on Upper Boom.

We will assume W= 50,000 Ibs.

JPi= 100,000 Ibs.

I = 100 feet.

h = 10 feet.

v = 63 20', r = 5 feet.

Horizontal Strains in Upper Boom. (Compression.)

W+W,
2h

_rw+wL
2hl

'

150000 F 15

~~20
' 2n

~~
L~~2

150000

000

7500. 2a [7

22
^

(F7+TFj)r
2hl

150000.

-]-
1875]

i?
fc
H,=

7500.5
7500.15
7500.25
7500. 35

7500.45

75.25 + 1875'

75.225 + 1875
s

75.625 + 1875'

75.1225+ 1875'

75.2025+ 1875

= 33,750 Ibs.= 93,750 Ibs.= 138,750 Ibs.= 168,750 Ibs.= 183,750 Ibs.

Horizontal 'Strains in Lower Boom (Tension.)

W+Wi W-\-W_ 2 _^-00 _ f

o7 ' yn 077
* J& ~~" ^^ y u

J/t J/16

. 7500. 10 75.100 = 67,500 Ibs.

: 7500.20 75.400 120,000 Ibs.

: 7500.30 75.900 = 157,500 Ibs.

; 7500.40 75.1600 = 180,000 Ibs.

s 7500.50 75.2500 = 187,500 Ibs.
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Strains in Verticals.

--.*n + (*~^ 2= 25000-500.*,+

y -_ 25000 500 . 5 -f 5 . 952 = 67,625 Ibs.

F2
= 25000 500.15 + 5.85* = 53,625 Ibs.

F3
= 25000 500.25 + 5.752 = 40,625 Ibs.

F4
= 25000 500.35 + 5.652 = 28,625 Ibs.

F5
= 25000 500.45 + 5.552 = 17,625 Ibs.

Counter Strains.

FG
= 25000 500.55 + 5.45* = 7,625 Ibs.

Strains in Diagonals.

Fn= Fn cosec.

F! = 67625 . 1.12 = 75,740 Ibs. Tension in Y1 and F10 ;

compression in Fa and YA .

Y2
= 53625 . 1.12 = 60,060 Ibs. Tension in Y2 and F9 ;

compression in Fb and Yb .

Y.3 = 40625 . 1.12 == 45,500 Ibs. Tension in F3 and YA
-

compression in Yc and F .

F4
= 28625 . 1.12 = 32,060 Ibs. Tension in F4 and F

7 ;

compression in Fd and Fd .

F5
= 17625 . 1.12 = 19,740 Ibs. Tension in F5 and F6 ;

compression in Fe and Y9 .

Counter Strains.

Fm = Fm cosec. v.

F6
= 7625 . 1.12 = 8,540 Ibs. Compression in F5 and F6 ;

tension in FA and F.
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LATTICE TRUSS. (Figs. 222, 223, and 224.)

Lower Boom Loaded.

Additional Reference.

r== Half the length of a bay of simple truss. (Figs. 222
and 223.)

#n Distance from abutment A to center of bay of lower boom.

2/n
= Distance from abutment A to apex of bay of upper boom.

zn= Distance from abutment A to apex of bay of lower boom,

The formulas are for the strains in the simple trusses, (Figs.
222 and 223.) Fig. 224 shows the simple trusses combined, con-

stituting the Lattice Truss.

When the upper boom is loaded, treat the strains as acting up-
ward and the truss inverted: the strains will be of the same
amount in each member, but different in kind.

Static or Permanent Load, equally distributed over whole length of

Truss.

Strains in Booms.

Upper.

Lower.

W I r \ _ W f r y 3 TFr2

Strains in Verticals.

W W

Strains in Diagonals.
]Tn = Vn cosec. v.

Moving and Static Load, each equally distributed per unit of

length.

Strains in Booms.

Upper.
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Strains in Verticals.

W W

Strains in Diagonals.

Yn Vn cosec v.

Strains in Counters.

[NOTE. The strains in Fa, i>, c, .... are equal in amount, but different
in kind to the strains in Fi,2,3, ....

EXAMPLE. (Figs. 222, 223, and 224.)

Moving Load (as railway trainpassing over bridge) on Lower Boom.

We will assume W = 50,000 Ibs.

Wi= 100,000 Ibs.

I = 100 i'eet.

h = 10 feet.

v = 63 20', (cosec. = 1.12,) r = 5 feet..

Horizontal Strains in Upper Boom. (Compression. Fig. 221.)

W+Wl
(

r
}

W+W> i r Y- ~~
n+~~ ~ Z^~

lEiJJSll = 7500 (zn+ 2.5) 75 (zn+ 2. 5)
2+ 468. 75

o/it

H= 7500 .
( + 2.5) 75 .

( + 2.5)
2+ 468.75= 18,750 Ibs.

l== 7500 . ( 5+ 2.5) 75 .
(
5 + 2.5)

2+ 468.75= 52,500 Ibs.

Hf= 7500 . (10+ 2.6) 75 . (10 + 2.5)
2 + 468.75= 82,500 Ibs.

//,= 7500 . (15+ 2.5) 75 (15 + 2.5)
2+ 468.75 = 108,750 Ibs.

jF/^7500 . (20+2.5) 75 . (20+ 2.5)
2+ 468.75= 131,250 Ibs.

J/
5=7500 . (25 + 2.5) 75 . (25+ 2.5)

2+ 468.75= 150,000 Ibs.

7/
r
= 7500 . (30+ 2.5) 75 . (30+ 2.5)

2 + 468.75= 165,000 Ibs.

J7
7
'= 7500 . (35+ 2.5) 75 . (35+ 2.5)

2+ 468.75= 176,250 Ibs.

jB8= 7500 . (40+ 2.5) 75 . (40 + 2.5)
2+ 468.75 = 183,750 Ibs.

//
9
= 7500 . (45+ 2.5) 75 . ^45 + 2.5)

2+ 458.75= 187,500 Ibs.
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Horizontal Strains in Lower Boom. ( Tension. Fig. 224.)

Wl r \ W+Wl__ w+ Wl
f

r \_ W+Wl
(

r \*

2h
'

l
yn

2 / 27il
'

V" TV

SIMPLE TRUSS. (Fig. 222.)

Strains in Verticals. (Fn .)

"T IT l ~~ *J2= 125 ~

2.5 . (?-

V
l
= 12500 250 ,

F9
= 12500 250

F;= 12500 250 ,

F4
= 12500 250 .

V~ 12500 250 .

+ 2.5 .

10 + 2.5

20 + 2.5 .

30 + 2.5 .

40+2.8 .

1002 = 37,250 Ibs.

902 = 30,250 Ibs.

802 = 22,500 Ibs.

702 = 17,250 Ibs.

602 = 11,500 Ibs.

Com. in 7.

Counter Strains. (Fm .)

F6
= 12500 250 . 50 + 2.5 . 502 = 6,250 Ibs.

F
7
= 12500 250 . 60 + 2.5 . 402 = 1,500 Ibs.

Strains in Diagonals.

Fn
= Fn cosec.

Y
:
= 37250 . 1.12 = 41,720 Ibs. Tension in Yl and F10 ;

compression in F and Y^.

Y2
= 30250 . 1.12 == 33,880 Ibs. Tension in Y2 and Y9 ;

compression in Y* and Y*.
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Y
3
= 22500 . 1.12 = 25,200 Ibs. Tension in F3

and F
8 ;

compression in Yc and Yc .

F4
= 17250 . 1.12 = 19,320 Ibs. Tension in F4 and F

7 ;

compression in Fd and Fd .

Y
5
= 11500 . 1.12 = 12,880 Ibs. Tension in F

5 and YG

compression in Fe and Fe .

Counter Strains.

Ym= Vm cosec - V -

F6
= 6250 . 1.12= 7,000 Ibs. Compression in F5 and

tension in F
e and Fe

.

F
7
= 1500 . 1.12 1,680 Ibs. Compression in F4 and

SIMPLE TRUSS. (Fig. 223.)

Strains in Verticals. (
Vn .)

>= 12500 250 ,

y= 12500 250
r,= 12500 250

\= 12500 250 ,

;= 12500 250

5 + 2.5 . 952 = 33812 5.

15+ 2.5 . 852 = 26812.5.

25 + 2,5 . 752 = 20312.5.

35 + 2.5 . 652 = 14312.5.

45 + 2.5 . 552 = 8812.5.

Counter Strains. (
F"m .)

: 12500 250 . 55 + 2.5 . 45 2 = 3812.

Strains in Diagonals.

Fn
= Vn cosec. v.

33812.5 . 1.12= 37,870 Ibs. Compression in F, and F10 ,

tension in Fa and Fa .

: 26812.5 . 1.12 = 3.0,030 Ibs. Compression in F
2
and F

})
:

20312 5 . 1.12 = 22,750 Ibs. Compression in ]

tension in F
c
and F

c
.

= 14312.5 . 1.12 = 16,030 Ibs. Compression in F4
and F

7 ;

tension in Fd and Fd .

= 88125 . 1.12 = 9,870 Ibs. Compression in F
5
and F6 ;

tension in F
e
and F

e
.

Counter Strains.

Ym = Vm cosec. v.

3812.5 . 1.12 = 4,270 Ibs. Tension in F
5
and F6 ;

com-

pression in F
e
and F

e
.
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Fly. 225.

Lower boom loaded.



144 STRAINS IN TRUSSES WITH PARALLEL BOOMS.

WHIPPLE TRUSS. (Figs. 225, 226, 227, and 228.)

Additional Reference.

a?n , yn= Distance from abutment A to end of bay.

Static or Permanent Load, equally distributed over whole length oj
Truss.

=

Strains in Booms.

TF W sW sW
"~2T t2/n ~2M' y*^"~Zhr <2/n"~~4/T

Strains in Verticals.

T7
w wv = '-W' x

Strains in Diagonals.

Yn= V, cosec. v.

Moving and Static Load, each equally distributed per unit of

length.

Strains in Booms.

i W+_WL s(W+Wl )
' yn

2hl
'

' y +
2hl

' y*

4h

Strains in Verticals.

W W Wl

Strains in Diagonals.

Yn=Vn cosec. v.

Strains in Counters.

7.=--..+ --
- (*-*-)'
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EXAMPLE. (Figs. 225, 226, 227, and 228.)

(With 20 Bays.)

Moving Load, (as railway train passing over bridge.)

Let W= 50,000 Ibs.

Wl
= 100,000 Ibs.

I = 100 feet.

h = 10 feet, s = 5 feet

v = 45. (End diagonals v = 26 30'.)

Horizontal Strains in Booms. (Compression in upper, tension in

lower,)

Strains in Verticals.

*= r-.xQ + --.(l-x^= 12500-250.^ +
w w

w+w, = 75,000 Ibs.

fc

I

Strains in Figs. 225 223

12500 250. 0+2.5 . 1002= 37,500 Ibs. 0. C.

12500 250. 5+25. 95 2= 33,812 Ibs.
"

12500 250 . 10+ 2.5 . 90 2 == 30,250 Ibs.
"

12500 250.15+2.5. 852= 26,812 Ibs.
"

12500 250 . 20 + 2.5 . 802= 23,500 Ibs.
"

12500 250 . 25 + 2.2 . 75 2= 20,312 Ibs.
"

12500 250 . 30 + 2.5 . 702= 17,250 Ibs.
"

10

227 228

T. T.
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&

Strains in Figs. 225 226 227 228

Vs
= 12500 250 . S5 -f 2.5 . 652= 14,312 Ibs. C. C. T. T.

F9
= 12500 250 . 40+2.5 . 602= 11,500 Ibs.

" " " "

F
:

10=12500 250 . 45+2.5 . 55 2= 8,812 Ibs.
" " " "

Fm Acting on Counters.

12500 250 . 50 + 2.5 . 502= 6,250 Ibs.

v 12 12500 250 . 55 -f 2.5 . 452= 3,812 Ibs.

F13
= 12500 250 . 60 -f 2 5 . 402= 1,500 Ibs.

Strains in Diagonals.

Fn
= Fn cosec. v.

Strains in Figs. 225 223 227 223

F, = 37500 . 1.117 = 41,887 Ibs. Ten. Ten. Com. Com.
F

2
= 33812 . 1.414 = 47,810 Ibs.

F
3
= 30250 . 1.414 = 42,773 Ibs.

F4
= 26812 . 1.414 = 37,913 Ibs.

Y
5
= 23500 . 1.414 = 33,229 Ibs.

F6
= 20312 . 1.414 = 28,722 Ibs.

7
7
= 17250 . 1.414 = 24,391 Ibs.

F
8
= 14312 . 1.414 = 20,238 Ibs.

F9
= 11500 . 1.414 = 16,261 Ibs.

Ylo
= 8812 . 1.414 = 12,461 Ibs.

Strains in Counters.

Yu= 6250 . 1.414 = 8,837 Ibs.

F,,= 3812 . 1.414 = 5,391 Ibs.

YU= 1500 . 1.414 = 2,121 Ibs.

[NOTE. If counter braces are not inserted, FI i, FI 2, and FI 3, and Fg,
Yg, and FI will have an additional strain, opposite in kind and equal
to FI i, FI i, and FI 3 , and FI i. Y\ 2 ,

and FI 3 ;
but if counters are used,

the strain Fn, F
>

12,and Fi3 will not occur in the structure, but will

be necessary to determine the strain in Fn, Fi 2 ,and FI 3 only. Fn,
FI 2 and FI 3 will then be inclined in the same direction as the diago-
nals from abutment A to center of truss, the character of strain being the
same. (See also "Howe Truss.")
Keep in mind that each half truss, as to the character and amount of

strain in the respective members, is alike.]
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STRAINS IN PARABOLIC CURVED TRUSSES " BOW-
STRING GIRDERS."

(Figs. 229, 230, 231, 232, 233, and 234.)

The strains in the lower boom (when horizontal) are the greatest,
and equal in every bay, when the load is equally distributed over

the whole length.
The strains in the arch or upper boom are also greatest when

the load is equally distributed over the whole length; the strains

gradually increasing from the middle to the supports.
The strains in the diagonals, whether single or double, in a

bay are, when the load is equally distributed, everywhere null.

When the load is unequally distributed, and one diagonal to each

bay is used, they will be either in compression or tension. The
character of the maximum of strains will be as follows: Assume
the left half of truss to be loaded. All diagonals inclined up from
left to right abutment are in tension; if inclined down, in com-

pression. The character of strains will be vice versa when the

right half only is loaded.

The strains in verticals are either compression, tension, or null.

The maximum of compressive strain occurs when the diagonals
in connection are under the greatest strain; that is, under an

unequally distributed load. For other explanation, see diagram
under variously-disposed loads.

In the following formulas and examples the diagonals (for a

moving load) resist a tensional strain only, and the verticals a

compressive. This would not be the case if one diagonal to each

bay were used. In the latter case the diagonals and verticals

would have to resist an alternate compressive and tensional strain.

When the trusses are inverted, the strains are different in kind,
but not in amount.

Reference.

A, B = Reaction of support.C= Compression in arch or upper boom.
T= Tension in lower boom.

D and H= Rise of arch.

F and /= Vertical forces.

W'= Weight of moving and static load per unit of span
or length.V= Strain in verticals.N= Total number of bays.

a = Length of a bay.
c = Length of a diagonal.

d and h = Ordinates to parabola.
I = Distance between supports or span.
k = Total number of verticals = N 1.

m = Number of bays between support and Vu .
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n = Number of a member, counting from support to

middle of truss.

t = Tension in diagonal.
v and z = Angle between horizontal and member of polygon.

w = Weight of static load per unit of span or length.

Wj= Weight of moving load, equally distributed per
unit of span or length.

u, x, y = Abscissas.

In the following diagrams, one-half of truss only is shown, the

strains being alike in the respective members of each half:

Lower Boom Horizontal

To find the ordinates h when His given:

The value of T given, to find h:

Lower Boom Curved.

To find the ordinates h or d when HOT D is given:
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The value of T given, to find h:

W(l-a)xa

2T T

Load equally distributed Static Load. (Figs. 231 and 232.)

W = The weight of construction and applied load.

Fig. 231.

WP
~H

W*

Lower Boom Loaded.

, Wl2 wl

H = V= -=- = tension

Upper Boom Loaded.

F=null.

Fig. 232.

Upper Boom Loaded. (C=T.)

_-
T Z)

Tn= WP

IwV - = tension.^
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JLoctd unequally distributed Moving Load. (Figs. 233 and 234.)

(Strains in Booms, same as for Static Load.)

Fig. 233.

yn= hn cot. vn ;
wn 2/n ma

, __ f
n~ SH

Lower Boom Loaded.

Fn
= Fn f;== compression.

Wl

Upper Boom Loaded.

= compression.

Fig. 234.

W/l

Upper Boom Loaded.

Wl
n= ^

= compression. 8(KD)
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EXAMPLE. (Fig. 233.)

Moving Load on Lower Boom.

'

4= 40.0 24= 16.0 feet,'

4x8x16(64-16) .

^4
= 128.0 -32= 96.0 feet,

/t
2
= = 6.0 leet.

/,3= 4x8x^(64-24) = ^^
A
4
= 7f= 8.0 feet.

Tang. i\= A

Q, O

Tang,^fc^ 7
- 10 38'.

Tang. 4
. =i ^ q.f = g 34/ 30// _

(I O

2/1= 3.5 X 2.28 = 8.0 feet. y,= 7.5 X 5.37 = 40.0 feet.

7/2
= 6.0 X 3.20 = 19.2 feet. y= 8.0 X 16.00 = 128.0 feet.

Wl2 750 y 642

r= c= i-!^-
= j^q<^ 48,ooo ibs.

JLZ O

(7n Csec. vn .

Q=48000xt090=52,3201b8. 0,= 48000 X 1.017 =48,8161bs.
C7

2=48000x 1.047=50,256 Ibs. <74
=48000 X 1.0019 =48,091 Ibs.

X 8.7 = 5437.5 Ib,

X 10.0 = 6250.0 Ibs.
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*4
= t-=

2

f
X

f
4
X 10.9 = 6802.5 Ibs.

o X o

X 11.3 = 7062.5 Ibs.
o X

= 8 x 125

= 1250

= 750

= 750

' 625
) I

~A
V'-

r
Q~- I

= 225

-8(125-* 625) T
*

"*" ^ 1^:4500

: 8 (125+ 625) [
(1 +A)4

1 = ^00
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/3
= 1250(-_Jf__ )

= 500.0

1^=6000 = 6,000 Ibs. F3
= 9000 500 =8,500 Ibs.

F2
= 7812.5 312.5= 7,500 Ibs. F4

= 9375 562.5= 8,812.5 Ibs.

CAPACITY AND STRENGTH OF PARABOLIC ARCHED
BEAMS OR RIBS ORIGINALLY CURVED.

Reference. (All dimensions in inches.)

A = Sectional area of beam.
C= Compressive strain in direction of arch.

E= Modulus of elasticity.H'= Horizontal thrust at abutment, or tension on tie rod.

J= Moment of inertia of cross-section of beam.
ft = Resistance of material to crushing, (to be divided by faotor

of safety.)
W'= Concentrated load at crown of arch.

a = Vertical deflection at crown.
b = Horizontal deflection at abutments.
h = Rise of arch.

21 = Distance between abutments = span.
s = Distance between neutral axis and farthest edge of section.

w = Load per unit of length, equally distributed horizontally.
x = Vertical distance from crown to point of arch, intersected

by 2/, say at on diagram.
y = Horizontal distance .from middle of arch to section where

the amount of strain is desired.

v = Angle between horizontal and tangent to curve.

Horizontal Thrust, (resisted either by abutments or tie rod.)

Fig. 235. (All dimensions to line of pressure.)
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To determine the curve or line of pressure:

x y
2

y
= =

7r T~

^
iang. v at any point =- = -

V I

2/4

Tang, v at abutment =-
L

. Load concentrated at crown or middle of arch :

( 64/i 56Z
"*

_25Z__^ ,
81 PF

""
1600J

X 1600J

Load equally distributed:

STRAINS IN A POLYGONAL FRAME IN EQUILIBRIUM.

Load equally distributed over members of Frame.

Reference.

H= Horizontal strain in units of weight at foot.

Vn= Vertical strain in units of weight at foot.

(7n= Compressive strain in units of weight in direction of

member.

1?^= Load in units of weight, equally distributed over a mem-
ber of the polygon.

vn= Angle between horizontal and member.
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Fig. 236.

155

H= } TFcotg. <yn n
= Fn cosec.

V- Vi ,

1 = I

|

I

- 4"""
1

&c.

TF,

For the equilibrium, v
t being given:

Tang. ,
2
= = tang. ,

1

Tang. v
3
=

-jjr
= tang. V]L+

F
Tang. v4= -^

= tang. ^+

H
The above can be used to compute the strains in ribs for dome

construction.
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STRAINS IN ROOF TRUSSES.

Reference. (Figs. 237 to 255.)

{Weight

of construction.
}

Pressure of wind. *= Load in units of
Pressure of snow. J

weight, equally distributed over one rafter.

(See Fig. 238.)
C Compression of member in units of weight.T= Tension of member in units of weight.
L Total span, or distance between abutments in

units of length.
d, h, I, and S= Dimensions in units of length. (See Figures.)

v, y =-. Angles. (See Figures.)

The diagrams show only one-half of truss, (except Fig. 238,)
the thick lines indicating compression, and the thin ones tension.

(See "Reaction of Supports" for pressure on joints ;
also "Compound

Strains in Trussed Beams")

Compression in Rafters. (Trusses Nos. 1, 3, and 4.)

The compressive strain in the rafter gradually increases from

ridge to abutments. Let x = Horizontal distance from abutment

to point where the strain is desired, and I half the span = .

tffor Truss No. 1 = IFsin. v (l } -\

G '' V

\ I J 2 tg. v

(7 for Truss No. 3= IF sin.
v(l -^

'

C for Truss No. 4 = IFsin. v
(l -~) + -

In the following examples the maximum of C is given :

Truss No. 1.

2

W

- Fig. 237.

. TTr . W cos. vC= IF sin. v H--
2 te. v
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EXAMPLE.
Let JF= 8,000 Ibs.

v = 26 30'.

C= 8000 X 0.44619 + -?22- -|SSr = 10
>
666 lbs ' Com '

7 8000
When x = then will = -

7^T7
= 8

'
968 lbs - Com '

- 2.00 = 8,000 lbs. Tension.

Truss No. 2.

Fig. 238.

= FT(cos. v)
2

T= sin. v cos. v = -- sin. 2v
2 4

EXAMPLE.

Let PT= 8,000 Ibs.

v = 26 30'.

8000
(7= - X 0.4462 = 1,785 Ibs. Compression.

2i

<?!= 8000 X 0.8952 = 6,568 Ibs. Compression.
8000T= r X 0.7986 = 1,597 Ibs. Tension.
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Fig. 239.
Truss No. 3.

rrr .
,

W cos. v= TFsm. v -\
2 tg.(v+v

_ W cos. v

J?%r. 240.

Truss No. 4.

(7= TTsin. v
W cos. v

COS. '

2 sin.^ Vj)

_ cos. v sin. v-i

Let W= 8,000 Ibs.

v = 26 30 X
.

Vl
= 5 /

.

(7=8000 X 0.44619 +

EXAMPLE.

8000 0.89493
: 12,653 Ibs. Coin.

_8000__089i
2 0.366

U.obb
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Truss No. 5.

Fig. 241

<?= if TF cosec. v Ci=

When there is no tie T, <7j
is under a tensile strain == -

h being the height from C
1
to ridge.

EXAMPLE.
Let IF =8,000 Ibs.

I = 22.36 feet.

7.= L= = 11.18 feet.

v = 26 30'.

(7= |f 8000 X 2.241 = 14,566 Ibs. Compression.

Q= J 8000 X 2. = 8,OQO Ibs. Compression.

T= J (l +
11

'^ ]
8000 X 2. = 12,000 Ibs. Tension.

Truss No. 6.

q. 242.
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C,= %W-L r- 2(Hr_&TF)A__A_

EXAMPLE.
Let If= 8,000 Ibs.

I = 20 feet.

?!= 20.6 feet.

h = 10 feet.

&1== 5 feet.

8= 22.36.

n 8000 X 500 1 500 (500 10 X 5)

~1> X 22.36
- =29,264 Ibs.

C
1

0.625 X 8000 f = 10,000 Ibs. Compression.

T= (8000 1500) J^ = 26,780 Ibs. Tension.

1 Q P)

7i= 2(8000 1500) --r = 13,000 Ibs. Tension.

Truss No. 7.

Fig. 243.

?!= ^fW cosec. v
sin. 2v

EXAMPLE.

Let W= 8,000 Ibs. A = 10 feet, v = 26 30'.

1 = 20 feet. lj= 11.18 feet. v1= 26 30X
.
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C= 8000
9A = 8,961 Ibs. Compression.----

2 X 20 X 0.44619

(^=08125 x 8000 X 2.2411 = 14,567 Ibs. Compression.
C

2
= 0.625 X 8000x1- 12 = 5,600 Ibs. Compression.
T= 0.625 X 8000 = 5,000 Ibs. Tension.

2i= 0.8125 X 8000 X 2.0 = 13,000 Ibs.

Truss No. 8.

Fig. 244.

c= -

2 sin. v

9W COS ' v sin - 1?1
iV T

"
6
" lT- - ~] _

J~

Let

11

=: 8,000 Ibs.

= 26 30'.

>!= 9 207
.

2
= 19 Ox

.

sm.(v

EXAMPLE.
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9000+0.375x8000
C = TTono

- ==: 1^,452 ibs. Compression.

9S6
,= 0.812 X 8000 --- = 21,710 Ibs. Compression.

C
2
= 0.625 X 8000 = 7,585 Ibs. Compression.

T=- 812 X 8000 = 19,702 Ibs. Tension.
0.295

T
t
=2 X

800o|"o,812 ^|-|^^-+ 0.625 x

0.895 x 0.168
'

0.590
- = 9,000 Ibs.

Truss No. 9.

. 245.

0=

Ti= if W cotg. v T
5- TF cots, v = * IF cots.

^-if^cotg.,
EXAMPLE.

Let TF^ 8,000 Ibs.

-y = 26 30 X
.

(7=^0.812 X 8000 X 2.241 0.625 x 8000 X 0/146= 12,336 Ibs.

Compression.

d= 0.812 X 8000 X 2.241 = 14,566 Ibs. Compression.
Cf^ 0.625 X 8000 X 0.895 = 4,475 Ibe. Compression.
T= 0.312 X 8000 X 2. = 4,992 Ibs. Tension.

R= 0.812 X 8000 X 2 0.312 x 8000 X 2.= 8,000 Ibs. Tension.

T2= 0.812 X 8000 X 2. = 12,992 Ibs. Tension.
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Truss No. 10.

Fig. 246.

C= UW .

C *' Vl

x
-- | IF sin. v

sm.fv vi)

sin.(-
(72=TFcos. v.

2-=

T^= itw^r:r~^ ~ Tcos -
(
2v ~^ ~^ sin - cos - v

TF

EXAMPLE.

Let TF= 8,000 Ibs. t;,= 9 20'. h = 10 feet.

v = 26 30X
. = 20 feet. A,= 2 feet.

(7=0.8125 X 8000 '-- 0.625 X 8000 X 0.446= 19,517 Ibs.
0..295

Compression.

(7i= 0.8125 X 8000-^^- = 21,747 Ibs. Compression.
0.^95

C2= 0.625 X 8000 X 0.895 = 4,475 Ibs. Compression.

T= '8125 X 800
'89X0 '162 +-625 X

0.895s
)
= 7,163 Ibs. Tension.
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OA

x -~-z-= 10
-
000 lbs - Tension .

t 10

895
2= 0.8125 X 8000-- == 19,720 Ibs. Tension.

Truss No. 11.

Fig. 247.

.

sm.(v

Cl= ifW-r^L*

-- - |W sin. v

cos.y

sin. vi \
-

7
--r-+ 5cos.7;)

sm.(v v^ /

EXAMPLE.

Let W= 8,000 lbs. y = 50. h = 10 feet. I == 20 feet.

v = 2630 /
. vi=920'. A,= 2 feet. #== 22.36 feet.

981
C= 0.81 25x 8000

'

0.625 X 8000 X 0.446= 19,517 lbs.

Compression.

987
<7i= 0.8125 X 8000 - = 21,747 lbs. Compression.

= 0.366 x 8000-~ = 4,070 Ibs. Compression.
'
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T= 0.125 X 8000 -

(6.5
--l_+ 5 .

0.894)
= 11,050 Ibs.

Tension.

7i= 19486 X 0.986 7421 X 0.723 4930 X 0.446= 10,000 Iba.

Tension.

,= 0.812 X 8000
' = 19,486 Ibs. Tension.

0.29o

Truss No. 12.

Fig. 248.

_=

SOX

EXAMPLE.
Let W 8000 Ibs. A = 10 feet.

Z = 20 feet. 8= 22.36 feet.

20
Q= 0.366 x 8000 = 5,856 Ibs. Compression.

8000 22 fi

Gj= 0.366 x
2
--

jg
= 3,280 Ibs. Compression.

T= 0.866 X -- = 20,992 Ibs. Tens.on.

Tj=s 1.23 X 8000= 9,840 Ibs. Tension.
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Truss No. 13.

Fig. 249.

7

^tt^TT
sin.(-,)

r,_41IT7 W-Vl
^1 W

~^n A, v \

r- TF2
" --

T5C,= Jf IF :

-
- 1J 01 r

(73=^TF^-

Q= U x JF-
^3

EXAMPLE.

Let TF= 20,000 Ibs. h = 20 feet, v = 21

Z
2
= 53.8 feet. v = 0.I = 50 feet.

(7=0.5 X 20000-

Cl= 0.683 X 20000

Cf= 0.866 X 20000

<73=0.55 X 20000

53.8

20

O369"

1

"0369

21.4

~20~

26,900 Ibs. Compression.

= 37,018 Ibs. Compression.

= 46,937 Ibs. Compression.

= 11,770 Ibs. Compression.

18
Q= 0.55 X 20000 = 9,900 Ibs. Compression.
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T= 683 X 20000 x 2.517= 34,382 Ibs. Tension.

Tj== 0.866 X 20000 X 2.517= 43,594 Ibs. Tension.

20000 X 20

20
- 5333.33 = 14,666 Ibs. Tension.

T3= 0.183 X 20000 = 3,660 Ibs. Tension.

Truss No. 14.

Fig. 250.

2h

A
-T,

T,= C6

EXAMPLE.

Let W= 24,000 Ibs. Span = 100 feet 1= l
}
= 1

2
= ^=1.25 feet.

h 20 feet. H= 0. 8= 53.85 feet.
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<?!= 12000 X
'

' = 32,310 Ibs. Compression.

fro or

C
2
= 49088 0.228 X 24000 = 41,728 Ibs. Com.

2 X 20

C3
= 58320 0.286 X 24000

53 '8

^
= 49,088 Ibs. Com.

CO OK

C4= 21600
9~

= 58,320 Ibs. Compression.

19 5
C
3
= (5801 + 0.286 X 24000) ^ = 12,493 Ibs. Com.

<76
= 3432 + 5484 = 9,282 Ibs. Compression.

1 3 47
C

7
= 0.286 X 24000 = 9,245 Ibs. Compression.

50
7i= (24000 0.1 X 24000)

- = 54,000 Ibs. Tension.

T. 5 iOOO 0.286 X 24000 -^~ = 45,420 Ibs. Tension.
10

j
9 r

7^= 45420 9282 -, 38,170 Ibs. Tension.

T4
= 24000 -124000= 19,200 Ibs. Tension.

Ty= 9282 4?- = 5,801 Ibs. Tension.
16

5

"To"
T6= 0.286 X 24000 -p^ = 3,432 Ibs. Tension.

Truss No. 15.

Fig. 251.
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C= Wr C *' V]

JJTFsin.t; ^Wcos.v cotg.(v
sin. ^f V-I ]

&* l

2 (h 7tj) cos. Vj

C.f=
ll W cos.

T_ ^ Ir
cos.

2

tang.,, T^HW-,
COS - V

sin.('y i^)

EXAMPLE.

Let TF^ 20,000 lbs. h = 20 feet. t>1== 0.

Z = 50 feet.
/y=:2l40/

. ^2=: 46 307
.

C= 0.866 X 20000 n ^n 0.733 X 20000 X 0.369 0.183 X
U.ob9

20000 X 0.929 X 2.517= 32,959 lbs. Compression.

C
1
= 0.866 X 20000 X -~~Q 0.366 X 20300 X 0.369

= 44,236 Ibs. Compression.

Gj= 0.866 X 20000 X -^7T^~
== 46,937 Ibs. Compression.

Cy= 0.55 X 20000 X 0.929= 10,219 Ibs. Compression.
C4= 0.366 X 20000 x 0.929= 6,800 Ibs. Compression.

T= 20000 X -- X tang, v= Null.

=10,920 Ibs. Tension.

T
2
= 0.183 x 20000 X 2.5 = 9,150 Ibs. Tension.

Tz
= 10000 X -^r r= 25

'
000 lbs - Tension.

20 X 1

7;= 0.683 X 20000 X 2.5= 34,150 lbs. Tension.

;
;

5= 0.866 X 20000 X 2.5= 43,300 lbs. Tension.
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Truss No. 16.

Fig. 252.

0= Ci f IF sin. v

Cf= C
2 ^fPFsin v.

sin.(v i

COS. Vi

Cr
== jf Wcos. v + f TFcos. <y = ifTFcos. v

_ ___
2 /(

- ^5= ft r

1=A ^-

m
rp _ m ni j -rrr

EXAMPLE.

Let TF= 20,000 Ibs. h = 20 feet. hi=0.
I = 50 feet. v == 21 40X

. i>i= 0.

C= 41885 0.286 X 20000 x 0.369 = 39,774 Ibs. Compression.

Cj= 43567 0.228 X 20000 X 0.369 = 41,885 Ibs. Compression.
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C2
= 48780 5213 = 43

;
567 lbs. Compression.

C3
= 0.9 X 20000 = 48,780 lbs. Compression.

0.36J

Q= 0.286 X 20000 X 0.929= 5.213 lbs. Compression.
(75
= 0.514 X 20000 X 0.929 = 9,550 lbs. Compression.

T= (0.9 X 20000 ^ - 0.8 X 20000 X 369* 0.1 X
V 0.369

20000)
ii~ = 20,000 lbs. Tension.

21= T T
5
= 20000 7188 = 12,812 lbs. Tension.

20000 50
2
~~
^2 X

"20

0.929

'O369
= T4 r

5
= 0.757 X 20000 = 38,118 Ibs. Tension.

099
Tf= 0.9 x 20000 --^?r == 45

'
306 lbs - Tension.

0.369

TS= T6
= T T!= 7,188 lbs. Tension.

T&= T^= 7,188 lbs. Tension.

Truss No. 17.

Fig. 253.

When the^rafter is resting on joint A:

0= W
~

r *
q v

4 sin. v sin. v
l

W

. W cos. v2

C<r= J r-- 21= Ci cos. v
sin. v

l

Bending moment at point B = (72 sin. v, . /.
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When rafter is fixed at joint A:

W _ x
IF cos. v cos. (0! v)

" '-
:
-

4 sin. v

C,= J -,
W W

,= cotg. v
4

Bending moment at B = --
. I

2

Truss No. 18.

Fig. 254.

IF cos.

i i
3 TS ~~T

i= Q cos. v 4- Cj cos
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C= JJFcosec. v

(71=
=

|i.W cosec. v

C
2
= JfTF cosec. v

C
?
= f JF cotg. v

0^= J TF cotg. v

Truss No. 19.

itf. 255.

2\= f TFcotg. v + iTF tang,

T
2=.| TFcotg. v

EXAMPLE.

Let TT= 20,000 Ibs. v = 21

6Y= 27,000 Ibs. Compression. C5
=

(7,= 36,900 Ibs. Compression.

G>= 46,800 Ibs. Compression.
CB= 33,466 Ibs. Compressian.
6'4
= 6,867 Ibs. Compression.

40'. ui= 56 30 /
.

3,533 Ibs. Compression.

Compression.
Tension.

Tension.

(76
= 6,666 Ibs.

T= 6,666 Ibs.

7\= 37,000 Ibs.

!T2
= 41,831 Ibs. Tension.
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6
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EXAMPLE TO TABLE OF CONSTANTS. (Tiuss No. 13.)

What is the amount of strain in the various members of a truss,

according to Fig. 249, of the following dimensions, viz: Span 60

feet, distance between trusses 10 feet, height at center 10 feet,

weight to be carried, including weight of construction, 66| Ibs.

r>er square foot horizontally; hence total weight on one rafter

= 30 X 10 X 66f = 20,000 Ibs.?

Z = 60 feet. T fi0 v = 18 20'.

h = 10 feet. = = 6. W= 20,000 Ibs.
h 10

Member. Constant. W Strains.

C2
= 2.745 X 20,000 = 54,900 Ibs.

)

C3
= 0.660 X 20,000 = 13,200 Ibs. V Compression.

4
= 0.567 X 20,000 = 11,340 Ibs. J

T = 1.956 X 20,000 = 39,120 Ibs. ]

7J
= 2.606 X 20,000 = 52,120 Ibs. I

rf = 0.734 X 20,000 = 14,680 Ibs.

Tt 0.183 X 20,000 = 3,660 Ibs.
J

[NOTE. In the foregoing table the proportion of h to L is approximate.
The constants are based on the angles.]

PRESSURE OF WIND ON ROOFS.

In the following table the maximum pressure of wind is taken

at 50 Ibs. per square foot:

The angle between horizontal and direction of wind is generally
10 00'. (See diagram.)

Fig. 256.

Reference.

F = Force of wind in Ibs. = 50.

w/
= Pressure at right angles to surface per square foot in Ibs.

w//
= Pressure, vertical, per square foot in Ibs.

?;+ 10)

COS. V
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PRESSURE OF SNOW ON ROOFS.

The average pressure of snow on a level surface, in the United

States, is about 15 Ibs. per square foot.

The following table gives the pressure per square foot on
various inclined surfaces :

Reference.

P= Pressure per square foot in Ibs. = 15.

Pi~ Vertical pressure in Ibs.

p2
== Pressure at right angles to surface in Ibs.

v = Angle between surface and horizontal.

Pi= P cos. v.

p<= Pi cos. v.
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TIE RODS AND BARS.

Capacity and Proportional Dimensions of Wrought-iron Tie Hods,
Tie Bars, and Pins or Bolts.

Ultimate resistance to tearing
= 60,000 Ibs. = 30 tons per

square inch.

Ultimate resistance to shearing
= 50,000 Ibs. = 25 tons per

square inch. (See Fig. 258.)
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JOINTS OR CONNECTIONS IN IRON CONSTRUCTION.

PEOPORTIONS OF BOLTS, NUTS, RIVETS, &c.

Reference.

A = Sectional area of bolt, rivet, or pin.

AI= Sectional area of all rivets in a joint.

A%= Sectional area of one plate.

D = Diameter of bolt, rivet, or pin.

S= Ultimate resistance to shearing of material.

T'== Ultimate resistance to tearing of material.

T\= Tensional strain on joint, &c.

a = Number of times that a bolt, &c., will have to be sheared-

(See 2 on Fig. 258.)

d = Distance between centres of rivets.

k = Factor of safety.

I Overlap, approximately If d to 1| d.

m = Number of rivets in a joint.

n = Number of lines of rivets in a joint at right angles to strain.

t = Thickness of a plate.

RIVETS.

For tension in direction of rivet:

2 =
T 0.7854

For shearing at right angles :

If at one place D= I -
Tl k

^ S 0.7854

If at two places D=
I 1.5708

Approximately : I = 3t D 3t
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PIN, &c., IN TIE BARS.

Fig. 258.

_ L __

28t

PLATE JOINTS.

No. I. Plate Joint Overlapped, four lines of Rivets.

Fig. 259.

)d = D + (0.7854 D2
n)

t

Approximately d = 1.5 to 2t

4*t*?r -"-2

D- r~
~m *1~

A

o
. d

#07854

___
2mtS

No. 2. Jbm^ Overlapped, single line of Rivet-

Fig. 260. (Same as No. 1.)
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No. 3. Plate Joint Overlapped, two lines of Rivets.

Fig. 261. (Same as No. 1.)

No. 4. Fish Joints, two lines of Rivets.

Fig. 262.

One fish plate. (Same as No. 1.)

Two fish plates.

Thickness of each fish plate = J t.

J- Lm * #1.5,.5708

(Otherwise same as No. 1.)
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DIMENSIONS OF BOLTS AND NUTS.

(Whitworth's proportions.)

Figs. 263, 264, 265, 266, 267, 268, 269, 270, and 271.

Dimension of Nuts and Heads.

Dia. of No. Threads
Core. per inch*
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Approximate proportions of bolts, nuts, and
heads in inches:

d = 1.4 D + 0.25 = Inscribed circle.

h = D = Height of nut.

,V= 0.7 D = Height of head.

COMPOUND STRAINS IN HORIZONTAL AND SLOPING
BEAMS.

(Load equally distributed or between supports.)

Area of Cross-section necessary to resist a Cross-breaking and

Compressive Strain in Beams acting as a Boom in Trusses, cc.,
or Beams acting as Rafters, &c.

Reference.
m, = Bending moment (See Page 100.)C= Compressive strain. (See Roof and Simple Trusses.)

g = A factor depending on form of cross-section.

/= Moment of inertia of cross-section.

s = Distance from neutral axis to most compressed fibres.

A = Sectional area of beam, &c.

h = Depth of beam, &c.

p = Resistance to compression with safety per square inch of

section.

W= Total load.

I = Length of beam, <fec ;

I

h*A
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For horizontal beams, &c. :

For sloping beams, &c., v = angle between horizontal and beam:

W r I f 1 \ .
I cos. -y-

W

RAFTER OF A ROOF TRUSS.

Fig. 273.

EXAMPLE.
Reference.

= 2.5 tons. =2.8 tons. I 10 feet. v = 26 30'

p = 5 tons per square inch.

We will assume a Phoenix Go's six-inch beam of the following
dimensions: h = 6 inches; A = 4: inches; 7=22.5

22.5

showing that the six-inch beam has a greater sectional area than

required.

If the load is concentrated at the apex of roof, the compressive
strain C= 2.8 tons, and the area necessary to resist this strain

2 8
would be (taking p at five tons per square inch) 0.56 sq.

o

inches, provided this is able to resist buckling.
By comparing this with the above result, it will be seen how

much greater the sectional area will have to be to resist a cross -

breaking strain, caused by the load being distributed. These
remarks also apply to simple trusses.
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SIMPLE TRUSS, (BEAM CONTINUOUS OVER STRUT.)

Pig. 274.

EXAMPLE.

Reference.

W= 20 tons. I = 20 feet, v= 15 p = 5 tons per sq. inch.

We will assume a Phoenix Go's twelve-inch beam of the fol-

lowing dimensions:

h = 12 inches. J= 275.92

J. = 12.5 inches. s = 6 inches.

27592

m=0.0703x IX 1202=84.36 (See Eeaction of Supports.)

C= 23.32 tons.

1 / 84.36 \
,

46.264= {-^7v ) +23.32=-- =9.25 inches.
5 / O

Consequently .the sectional area of the twelve-inch beam is

amply sufficient.

[NOTE. The formulas for horizontal beams are also applicable fco rafters
of roof trusses, m and C being given. For the bending moments (m)
the various distances are the horizontal projections of those on the rafter
from abutment to ridge.
The toregoing formulas also apply to beams under a eross-Dreakmg and

tensional strain. If the truss (Fig. 274) is inverted, the horizontal member
will be in tension. Hence, insert the resistance of the material to tension
instead of compression, and put tensional for compressive strain; other-

wise, the formulas remain the same.]
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WEIGHT OF MOVING LOADS.

Variable and Accidental Loads.

(Weight of construction not included.)
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STATIC AND MOVING LOADS ON BRIDGES OF
WROUGHT IRON.

The following table gives an approximate weight per lineal

foot in pounds of the static load or weight of construction complete
for Single-Line Railway Bridges, supported at the ends, from ten

to four hundred feet span; also the weight of the moving load

per lineal foot of span, based on the assumption that the heaviest

locomotives exert a pressure of three thousand pounds per lineal

foot between their extreme bearings.
The table is applicable in computing the strains in all trusses

with parallel booms mentioned in this work.

Weight of Construction and Moving Load of Wrought- Iron Single-
Line Railway Bridges for the heaviest traffic.

(From 20 to 400 feet span.)
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The following gives the actual weight of some well-known

Bridges (single line) in America, Germany, and England:

13





MISCELLANEOUS.

(195)





LONGIMETRY AND PLANIMETRY.
(Lines and Areas.)

Reference.

A = Area.

TT = Periphery of circle = 3.14159 when diameter = 1.

r = Radius of circle.

c = Length of cord of segment.

p = Circumference of circle for given diameter.

I = Length of circle arc, &c.

h = Height of segment.
v = Angles, expressed in decimals, as 15 30/= 15.5.

For other designations, see Figures.

[NOTE. Always use the same unit for dimensions.]

Values cj TT.

TT = \14159
2- = 6.28319

= 0.31831

= 0.15915

~ = 0.10132

2
- == 0.63662

= 1.57080

= 1.04720

^-= 0.78540
4

-= 0.52360
o

7:2 = 9.86960

7:3 __ 31.00628

/7T= 1.77245

^;T= 1.46459

0.56419

(197)
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Fig. 275.

27T

Fig. 276.

=
"360

v=- 180

180

Fig. 277.

v = 2(180

Fig. 278.

279.
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Fig. 280.

a+ 6+ c

Fig. 281.

Ellipse.

'. 282.

P=l(a+b)[l +^S\ 1 T:

256
+ "J

When 7i= a b

a+b~

c==v/a2 6 2

2 c2

. 283.

284.
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Fiq. 285. (Circle plane.); A = 7rr2= = 0.7654^2
4

r==jA = .5642x/Z~

. 286. (Circle ring.)

=
7r(r1 r

2
2
)

= 7T(r1+r2)(r'1 r
2)

287. (Sector.)

0.008727w2
. u=--360c

TTr2

/~360 J. \2A
""N ^T~"N"V

288. (Segment.)
:=

(?;
sin. v)

= (0.017453 v sm. v)

289. (Circle ring sector .)

--360^' l ~'"
= 0.008727 vfo

2 r
2
2
)



PLANIMETRY. 201

Fig. 290. (Ellipse.)

' A =

Fig. 291. (Square.)

Fig. 292. (Rectangle.)

= ah

Fig. 293. (Parallelogram.)

ah

Fig. 294. (Triangle.

c/i 1 .

^1 = -- = ftcsm.t;

c 2 sin.v sin.

When the three sides are given:
Let a + b -f- c = s
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CENTER OF GRAVITY OF PLANES.

Reference.

x = Distance from a fixed base to center of gravity.
r = Radius.
c = Chord.

b, p, h = Dimensions.
A = Area.

v = Angle.

Fig. 295. (Quadrangle.)

a and b parallel.
"

_ h h f b a \

"ITU-fa J

Fig. 296. (Triangle.)

Fig. 297. (Half circle, or

elliptic plane.)

= radius = r
ft

x == 0.4244r

Fig. 298. (Concentric ring.)

4 sin.Jv r3

~3 v r 2
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Fig. 299. (Circle, or elliptic

arc.)

re 2 sin. J-y
x= r

JFfy.300. (Half circumfer-

ence of circle or ellipse.)

= r = 0.6366r
7T

Fig. 301. (Circle sector.)

4 sin. Jv
x= r

3 v

i#. 302. (Circle gegment.) A = Area.

303. (Parabola.)

2h
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Fig. 305. (Half parabola.)

5

3 ,

Fig. 305.

Of any section, composed of any
number of simple figures:

Additional Reference.

A, A /t Ay/
= Sectional area of simple

figures.X= Distance from center of

gravity of whole sec-

tion to axis ran.

x, x/ t
xy/= Distance from center of

gravity of a simple

figure to a fixed axis

mn.

__ Ax+ A,x,-\- ASSX/+&C.

~A'A^+~A // + Ac.
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TRIGONOMETRICAL FORMULAS.

Reference.

a, 6, c = Length of sides.

A, B, C= Angles opposite to a, b, c respectively.

Right Angle Triangle.

Fig. 306.

cos. C
= a cos. (7

= c cot. (7

=. a sin. 5
= c tang. 5= 6 tang. (7

= a sin. (7

b

COS. I

sin.

sin. C __
cos. C cot.

1

/-*
v>v^o. w J.

Cotang. (7= : ^ = -^
sin. (7 tang. C

1

Sin. <7=
c

a

Cos.(7=

Secant C -

Cosec, (7 =

cos.

1

sin. (7

Oblique Angle Triangle.

Fig. 307.

c sin. .

sin. C?

c sin.

sin. (7

;=^ (5_(^(^))
c sin. jB c sin. A

d= ^-



TRIGONOMETRICAL FUNCTIONS.

NATURAL SINE

NATURAL COSINE.



TRIGONOMETRICAL FUNCTIONS.

NATURAL SINE.
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NATURAL COMNE.



TRIGONOMETRICAL FUNCTIONS.

NATURAL SIXE.

NATURAL COSINE.



TRIGONOMETRICAL FUNCTIONS.

NATURAL SINE.

209

NATURAL COSINE.



210 TRIGONOMETRICAL FUNCTIONS.

NATURAL TANGENT.

NATURAL COTANGENT.



TBIGONOMETEICAL FUNCTIONS.

NATURAL TANGENT.

211

NATURAL COTANGENT.



212 TRIGONOMETRICAL FUNCTIONS.

NATURAL TANGENT.

NATURAL COTANGENT.



TRIGONOMETRICAL FUNCTIONS.

NATURAL TANGENT.

213

NATURAL COTANGENT.



214 TRIGONOMETRICAL FUNCTIONS.

NATURAL SECANT.

NATURAL COSECANT.



TBIQONOMETEICAL FUNCTIONS.

NATURAL SECANT.

215

NATURAL COSECANT.



216 TRIGONOMETRICAL FUNCTIONS.

NATURAL SECANT.

NATURAL COSECANT.



TRIGONOMETRICAL FUNCTIONS.

NATURAL SECANT.

217

NATURAL COSECANT.
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221 SPECIFIC GRAVITIES OF MATERIALS.

SPECIFIC GRAVITIES OF MATERIALS.

Weight of
a cubic foot

in Ihs.



SPECIFIC GRAVITIES OF MATERIALS. 225



226 SPECIFIC GRAVITIES OF MATERIALS.

*The timber in every case is supposed to be dry.



WEIGHT OF A SUPERFICIAL INCH, ETC. 227

WEIGHT OF A SUPERFICIAL INCH OF WROUGHT AND
CAST IRON.

(From one-sixteenth to one-inch thickness.)



228 WEIGHT PER SQUARE FOOT IN POUNDS AVOIRDUPOIS.

WEIGHT PER SQUARE FOOT IN POUNDS AVOIRDUPOIS.



WEIGHT OF A LINEAL FOOT, ETC. 229

WEIGHT OF A LINEAL FOOT OF FLAT AND SQUARE
BAR IRON IN POUNDS AVOIRDUPOIS.

(480 pounds per cubic foot.)



230 WEIGHT OF A LINEAL FOOT, ETC.



WEIGHT OF A LINEAL FOOT, ETC. 231



232 WEIGHT OF A LINEAL FOOT, ETC.



WEIGHT OF A LINEAL FOOT, ETC. 233



234 WEIGHT OF A LINEAL FOOT, ETC.

WEIGHT OF A LINEAL FOOT OF ROLLED ROUND
IRON IN POUNDS AVOIRDUPOIS.

(480 pounds per cubic foot.)



BOLTS, NUTS, AND HEADS. 235

BOLTS, NUTS, AND HEADS.

(Whitworth's Proportions.)

Weight in Ibs. of Heads and Nuts.



236 WEIGHT IN POUNDS OF BOUND IRON, ETC.

WEIGHT IN POUNDS OF BOUND IRON FOR

EXAMPLE. Required,
the weight of a bolt 1J inches diameter,

4 inches between inside of head and nut.

Weight of bolt = 1.39

Weight of square head == 1.40

Weight of hexagonal nut = 1.06 taken as a hexagonal head

Ans. 3.85 Ibs.



WEIGHT IN POUNDS OF BOUND IRON, ETC. 237

BOLTS, ETC., BETWEEN HEAD AND NUT.



WEIGHT OF MATERIALS USED IN BUILDING.

WEIGHT OF MATERIALS USED IN BUILDING.

(Per square foot from one inch thickness to a cubic foot.)

Stones, Earths, &c.

Stones, Earths, &c.



DIVISIONS OF A FOOT, ETC. 239
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240 TABLE FOR COMPARING MEASURES AND WEIGHTS.

TABLE FOR COMPARING MEASURES AND WEIGHTS
OF DIFFERENT COUNTRIES.

Weights.

Measures of Length.

Measures of Surface Square Measure.



TABLE FOB COMPARING.HEAStfRES AND WEIGHTS.

Cubic Measure.

241

Weight per Unit of Length

Weight per Unit of Surface.

16



242 RESISTANCE TO CROSS-BREAKING.

RESISTANCE TO CROSS-BREAKING.

To Cut the Strongest and Stiffest Rectangular Beam from a Log,

Fig. 308. (Strongest.)

The diameter aa= d, divided into three equal parts, with per-

pendiculars d from a erected thereon, intersecting the circle at

b, will give section for greatest capacity.

Fig. 309. (Stiffest.)

The diameter aa= d, divided into four equal parts, with per-

pendiculars J d from a erected thereon, intersecting the circle at

b, will give section with least deflection, but less capacity than

Fig. 308.
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Whipple truss 144

Wooden beams, strength of. . 98
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