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PREFACE.

WHEN writers bring their labours so rapidly
before the Public, as scarcely to allow time
for turning over the pages of one production
before the publication of another is announced,
it is usual for them to make some apology
for the intrusion,-—to describe the plan of
their works, —and to explain the motives
which prompted their exertions. Fhe Author
of the present performance, however, considers
it unnecessary to make any apology,—he pre-
sumes that the plan and nature of the Work
are sufficiently described in the title-page, and
his motive for laying it before the Public is
briefly as follows.

About the beginning of the present year
(1832), there was published, by the same author,
a small Treatise on the Strength, Flexure, and
Stiffness of Cast Iron Beams and Columns, in

302409



4 PREFACE.

which are embodied Tables and Rules for adapt-
ing the same principles of calculation to beams
- of malleable iron and several kinds of timber,
such as are most commonly employed in build-
ings and other mechanical constructions; but
on further consideration, the Author conceived,
that if a small independent Treatise on Timber
were drawn ‘up after the same plan, it would
be found of superior utility to practical per-
sons, on account of the ambiguity that may
arise in adapting the numbers derived from
the properties of one material to the principles
and mechanical conditions belonging to ano-
ther. This was the chief motive that urged
him to the undertaking, and if the execution
of the work be found in any degree suitable
to the object, the wishes of the Author have
been fully attained.

" No. 2, Winsley Street.
Nov. 1832.



STRENGTH OF TIMBER.

IN treating on the resistance of timber, there are
several properties and terms peculiar to the subject
of very frequent occurrence, which it is necessary
in the first-place to explain. These are,— Stress,
Strain, Straining force, Strength, Stiffness, Flexure
or Deflexion, Extension, Cohesive force, Elastic force,
and Modulus of elasticity.

DEFINITIONS.

1. Stress, is the force excited in the material, or
that power, which being applied extemally endea-
vours to produce fracture; it is synonymous w1th
the straining force.

2. Strain, is the effect produced by the stress
or straining force.

3. Straining force. (See Stress.)

4. Strength, is that property of bodies by which
they resist breaking or fracture. ’

5. Stiffness, is that property of bodies by which
they resist bending or flexure. '

6. Flezure or deflexion, is the space through which
a body is bent by means of the stress or strammg
force. ‘ :
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7. Extension, is the quantity by which the length
of a body is augmented when drawn in the direction
of its fibres. -

8. Cohesive force, is that property by which
bodies resist the separation of their parts, and is
measured by the force or weight that would tear
them asunder.

9. Elastic force, is that property by which bedies
endeavour to recover their original state when the
straining force is withdrawn:

10. The modulus of elasticity, is the measure of
the elastic force.:

PRINCIPLES OF COMPARISON.

The comparative strength of different materials, is
expressed by the quotient of their cohesive forces.

" The comparative . stiffness of different materials,
is expresséd by the quotient of their moduli of
elasticity. _ '

The comparative extensibility of different materials,
is expressed by the quotient of their extensions.

The weight of the modulus of elasticity, is equal to
the quotient that arises when the cohesive force is
divided by the extension.

These things being premised, we shall proceed
~ to consider the nature of the strains to which mate-
rials are exposed ; these are of four kinds, and are
as follow : viz. '
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The resistance to cross strains, or that force which
a body opposes to being broken across.

The resistance to temsion, or that force which a
body opposes to'being torn asunder in the direction
* of its length. _

The resistance to compression, or that force which:
a body opposes to being compressed in the direction.
of its length.

The resistance to tersion, or that force Whlch a
body opposes to being twisted asunder.

‘The forms of beams that are most commonly ex-
posed to these several strains, are the rectangular, .
the square and cylindrical; and to these three:
forms, shall our inquiries be confined.

Of the Rectangular Beam when exposed to a
Transverse or Cross Strain.

The strain which most commonly acts on mate-
rials of any kind, is that which tends to break them
in a transverse direction; and the writers on the
strength of materials have shewn, that when a beam
rests horizontally on two supports, the strain is the
greatest when the force acts at the middle of the
length; our subject, therefore, divides itself into
five dlstmct cases, as follow, viz.

. When the beam is supported at the ends, and the
strammg Jorce applied at the middle of the length. ‘

2. When the beam is supported at the ends, and the
straining force applied at some intermediate point be-
tween the middle and one of the supports.
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3. When the beam is supported at the ends, and
loaded uniformly over the length. ‘

4. When the beam projects from a wall, into which
one end is fized, and a load applied at the other. '

5. When the beam projects from a wall, into
which one end is fived, and loaded tmgformly over
the length.

In framing rules for calculatmg the several con-
ditions of these five cases, we have to observe, that
since beams are seldom exposed to strains that break
them, it would be inconsistent with safety and the
maxims of practice, should our rules bring out the
absolute strength; and as there is a point beyond
which if beams be not strained, they will always
restore themselves to their natural state when the
straining force ceases to act, this ‘point is the limit
of safety ; for it has been shewn, that if beams are
strained beyond it, the ‘ﬂe'xure increases with time _
if the load be suffered to remain; and a very small
additional load will produce fracture. Hence it ap-
'pears, that rules designed to assist the mechanic in
the construction of beams, must, when safety is
aimed at, be so constituted as to give results within
the elastic powér of the material; and such are those
which we now proceed to investigate.

The fundamental principle on which the following
calculations depend is, that i in rectangular bars or
beams of any material whatever, whether they be
large or small, long or short, if they are supported
at the ends and loaded in the middle,
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- The product of the breadth drawn into the x
square of the depth both in inches, divided
by the length in feet drawn into the load
in pounds, must. be the same in all.

Now, if B represent the breadth in mches, D the
depth in inches, L the length of bearing or distance
between the- supports in feet, and W the weight in
pounds used in and determined from the experi-
ment ; then, putting b, 4, / and w for the breadth,
depth, length and weight, corresponding to the case
for which the calculation is made ; we have,

according to our fundamental principle,
BD: _bar.
‘ LW iw’
which, by clearing the equation from fractions,
becomes
lwBD'=LWbd*.. (A)

From the delicate and Judlclous experiments of
the late Mr. Thomas Tredgold, it appears, that a bar
of English oak of a medium quality, 1 inch broad,
-2 inches deep and 24 inches between the supports,
will bear 425 pounds at the middle of.its length
while the strain is just within .the elastic power of
the material ; let these numbers. be substituted for
B, D, L and W in equation (A), and it becomes,
by _takixig the length in feet and omitting the fraction,

lw=212bd" )

This equation has been obtained on the supposi-
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tion that the beam rests horizontally on its supports,
and that the strain has been exerted exactly at the
middle between them ; on this supposition there-
fore, must the calculation proceed.

By carefully examining the composition of the
preceding formula, it appears, that it consists of
one constant and four variable factors,, any three
of which with the constant factor being given, the
fourth can always be found ; the complete analysis of
the equation branches itself into four distinct parts;
but since in practical cases, the length of-the beam
must generally be limited by the circumstances of
situation, we shall in what follows, confine our in-
quiries to three parts only, always supposing that
the length is given. : :

The three combinations of data are as below.

1. Given b, d and /; to find w.
2. Given d, /and w; to find 4.
3. Given b, /and w; to find d.
 From which we derive the following problems.

ProBLEM 1. In the equation lw=212bd*, there are
given, the breadth b, the depth d, and the length l;
to find the weight w.

Here, the required term in combination with
the given length, occupies the left-hand side of the
equation, and the composition is indicated by mul-
tiplication; now, it is a prlnmple in the resolution
of equations, '



Strength of Timber. 7

That, by whatever process the composition is
effected, a process directly the contrary
must be employed to accomplish the analysis ;

but division is contrary to multiplication, and the
divisor obviously is, the quantity with which the
unknown term is combined, viz. the length of the
beam, which is here represented by the letter /; let
each side of the given equation be divided by /,

and we obtain
212bd*
7

from which the following practical rule is derived.

Rule 1. Multiply 212 times the breadth in inches
by the square of the depth in inches, and divide
the product by the length in feet, for the weight
required in pounds.

Ezrample 1. A beam of oak, of the quality de-
scribed in the experiment from which our funda-
mental data have been supplied, is 5 inches broad,
7 inches deep, and 22 feet between the supports ;
what load will it bear at the middle of its length,
supposing its position on the props to be perfectly
horizontal, and the strain within the elastic power
of the material ?

Here, by the rule, we have

212 x5x 72
22

nearly, for the load required.
It is evident that the load thus obtained, since

=2361 pounds very
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it measures the straining force, must also include
the effect produced by the weight of the beam. Now,
the writers on the resistance of solids have shewn,
that the whole weight of the beam acting as a uniform-
force, producés the same effect in augmenting the
strain, as if one half that load were collected at the
middle point; it may therefore be useful to shew,
in what manner this effect is to be estimated.

Mr. Tredgold states in the detail of his expe-
riments, that the specific gravity of oak, of the
quality we have chosen is 830, that of water being
1000 ; but 1000 ounces are exactly 624 pounds;
therefore, we have 1000: 830 :: 624 : 51}, or 52
pounds very nearly, in one cubic foot of oak ; hence,
to find the weight of the beam,

Multiply the solidity in cubic feet by 52, and the
product will be the weight in pounds.

In the present example the solidity is X %22

144
= 524 cubic feet; therefore, 524 x 52 = 278 lbs,
and, as we have already stated, thi_é load produces
the same effect in straining the beam, as if one half
of it, or 139 pounds were co]lected at the middle;
" hence we have _ '
2361 — 139 =2222 lbs.
* for the external load with which the beam ought to
be strained.

But the formula itself may be so modified as to
give the load which the beam will bear, independ-
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ently of the above operation; and as this may be
useful in allowing for the weight of the beam before
its dimensions are known, we shall here give the
modified equation. '

It has been shewn above, that a cubic foot of
oak contains 52 pounds very nearly; consequently,
a bar one inch square will contain 0°36 pounds:
hence, the area of the cross section of the beam in
inches, multiplied by 0°36 times the length in feet;
must express the weight; that is,

0-36 bd/=the whole weight of the beam ; ‘
and this is equivalent to 0°18 44l applied at the
middle of the length. Now, we have already shewn
that the load which the beém ought to sustain, in-
cluding the effect produced by its own weight, is

= 2254 pence, we have w=2122% _.1854] for

i ’ ! I
the load which it ought to sustain excluding such

effect; and the modified expression is
lw=bd (212d—-181.  (2)
Let both sides of this equatlon be divided by /,
and we obtain

_ bd(212d—-1812)
= ; ;

from which the following practical rule is derived.

Rule 2. From 212 times the depth of the beam
in inches, subtract 0-18 times the square of the
length in feet ; multiply the remainder by the breadth
drawn into the depth, both in inches, and di‘vide the
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product by the length, for the weight in pounds that
the beam will sustain with safety, excluding its
own weight.

Taking the data of the preceding example, we get

212 x 7=1484
22°x 0'18= 8712 (subtract)
1396-88 x 5x 7

o5 =2222 pounds

nearly, the same as found above.

ProsrEM II. In the equation lw = 212 bd®, there are
given the depth d, the length I, and the weight w;
to find the breadth b.

In the resolution of the preceding problem, we
stated the relation that subsists between the com-
position of an equation and its analysis, it is there-
fore unnecessary to repeat the statement. In the
present instance, the required term must be dis-
engaged by two successive divisions, by reason of
its being combined by multiplication with 212, the
constant term in the original formula, and also with
d?, one of those that are variable; but the writers
on the theory of numbers have shewn, that to divide
successively by two or more quantities, is the same
thing as to divide by their continued product ;
hence we obtain

lw
b= 212de?

from which the following practical rule is derived.
Rule 3. Multiply the length of bearing, or dis-
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tance between the supports in feet, by the load
to be supported in pounds, and divide the product
by 212 times the square of the depth in inches,
for the breadth required.

Example 2. A rectangular ‘beam of oak, 7 inches
deep and 22 feet between the supports, is found to
sustain a load of 2361 pounds at the middle of its
length, while the elastic force remains perfect ; what
is its breadth ?

Here, by the rule, we have

2361 x 22

S = 5 inches, the breadth

required.

This breadth has been obtained on the suppo-
sition that the given load includes the effect pro-
duced by the weight of the beam ; but when it is
required to determine the breadth such, that it
will make allowance for this effect, we must have
recourse to equation (2), where ‘

lw=1bd (212d~18 ).

Now, the expression for the breadth as obtained
from this equation, is

b= lw
- d (212d —"181%) )

from which the following practical rule is derived.
Rule 4. Multiply the length of bearing, or dis-
tance between the supports in feet, by the load
to be supported in pounds, and divide the product
by 212 times the square of the depth in inches,
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diminishied by °18 times the square of the length
drawn into the depth,. for the breadth required.

Taking the data of the preceding example, we get

2361-x 22 gt s
CBIe T — 18X 2T — 5'312 inches,

the breadth required.

Now, the load that a beam 5:312 inches broad,
7 inches deep, and 22 feet between the supports,
will bear at the middle of its length, calculated by
the rule to the first problem, is 2508 pounds; and
half the weight of a beam of these dimensions is 147
pounds; therefore, 2508 — 147 = 2361 pounds, the
load proposed.

Prosrem 1L In the equation lw=212 b d*, there are
given the breadth b, the length I, and the wezgkt w;
to ﬁnd the depth d.

The unknown term being disengaged from those
with which it is combined, the expression for its

lw

square in terms of the other quantities, is d*= 3125

and by extracting the square root, we get

/ lw
d= 2125 °

from whieh we derive .the following practical rule.

Rule 5. Multiply the length of bearing, or dis-
tance between the props in feet, by the. load to be
supported in pounds; divide the product by 212
times the breadth in inches, and extract the square
root of the quotient for the depth required.
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Erample 3. A rectangular beam of oak, 6 inches
broad, and 22 feet between the supports, is found
to sustain a load of 2361 pounds at the middle of
its length, while the elastic force remains perfect
what is its depth ? ‘

Here, by the rule, we have

2361 x 22 . '
/ 'zﬁ = 7 inches, the depth
required.

But, as we observed respecting the breadth in
the last problem, the above depth has been obtained
on®the supposition that the given load includes the
effect produced by the weight of the beam; now,
when it is required to determine a depth that will
make allowance for this effect, we must revert to
equation (2), where

lw=>5bd (212d—"187*%).

Here, however, we must remark, that since both
the first and second powers of the required term
enter the equation, its resolution becomes more
difficult, and can only be accomplished by the
reduction of an adfected quadratic equation; the
equation being resolved according to the rules given
for that purpose by the writers on algebra,.the
expression for the depth in terms of the other
quantities is

d_212{0919+\/(—21ﬂ -00817) }

The above expression for the value of d is very
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complicated ; it does not, however, admit of a
simpler arrangement; but the following practical
rule may nevertheless be derived from it.

Rule 6. Divide 212 times the given load by the
breadth in inches; .to the quotient add the cube of
the length in feet drawn into the decimal 0081,
and multiply the sum by the length; then, to the
square root of the product add ‘09 times the square
of the length, and divide the sum by 212 for the
depth required.

Taking the data of the foregoing example, we get

B X2® 1001064

22° x ‘0081 = 86-2488 (add)
v 1001926488 x 22 = 1484-66

148466 +228 X 09 _ .01
213 =721 inches very nearly,

the depth required.

Now, the load that a beam 5 inches broad, 7-2]
inches deep, and 22 feet between the supports, will
bear, calculated by the rule to the first problem, is
2504 pounds, and half the weight of a beam of
these dimensions is 143 pounds; therefore, 2504 —
143 = 2361 pounds, the load proposed.

Hence, it appears, that Rules 4 and 6 calculate
the dimensions of a beam that will sustain any
proposed load at the middle of its length, togéther

with the effect produced by the weight of the
beam itself.
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What has hitherto been done, applies to uniform
rectangular beams of oak, when loaded at the middle
of their length, and strained to the full extent of
their elastic power ; on many occasions however,
it may be desirable to know the greatest load that
a beam will support without. fracture. Now, Mr.
Tredgold has shewn,-that a bar of oak one inch
broad, 2 inches deep, and 24 inches between the
supports, broke with a load of 1428 pounds applied
at the middle of its length; let these numbers be
substituted for B, D, L and W, in equation (A),
and we obtain ,

lw="714bd" 3

From which we infer, that a force which merely
destroys the elasticity, is to the force that produces
fracture, as 212 to 714, or as 1 to 3:36. Mr. Tred-
gold employs the ratio of 1to 3:3. (See his Essay on
Cast Iron, Arts. 59 and 261).

The following practical rule determines the re-
sistance to fracture.

Rule 7. Multiply 714 times the breadth in inches
by the square of the depth in inches, and divide
the product by the length in feet for the weight in
~ pounds that will break the beam. Or thus,

Calculate the load that will destroy the elastic
power of the material by the first rule, and multiply
that load by 336 for the load that will produce
fracture.

Example 4. Given the length of an oak beam

| V—
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16 feet, breadth 15 inches, and depth 18 inches;

required its strength, or the weight which, being

suspended from the middle, will nearly break it ?
Here, by the rule, we get ’

714 x15x 18¢
16

load that will break the beam.
Otherwise thus,

=216878 pounds, for the

212 x 15 182
16

the same as before.

This is one of the examples proposed by Mr. John
Banks in his “ Treatise on the Power of Machines ;”
his result is 200475 pounds, whence we conclude
that he had employed oak of an inferior quality to

x 3:36=216878 pounds,

that from which our constant number has been de-
rived ; indeed, he says, in the detail of his experi-
ments, that ¢ the worst or weakest piece of dry
heart of oak, 1 inch square and 1 foot long, did
bear 660 pounds, though much bended, and 2 pounds
more broke it:” from this we infer, that the strength
of his specimen is to that of the specimen employed
by Mr. Tredgold, as 660 to 714.

We may here observe, that the rules which we
have given for beams placed horizontally, answer
also for those that are inclined, provided the heri-
zontal distance between the supports be considered
as the length of bearing, and used in the rules
accordingly. ‘




Strength of Timber. 7

" Let ¢ be the angle of inclination, and I the
distance in feet from the top of one support to
the top: of the other; then, by Trigonometry, the
reduced length, or distance: between ‘the  supports;
becomes / cos ¢ ; let- this be substituted for /in equa~
tion (1), and we have for inclined beams, ° '

: lwcosp=212bd". S 4)
Therefore, when it ig'required to determine the load’
~ that an inclined beam-will support at the ‘middle of
its length, the inclination and the dimensions of the
beam- being given, we have only to disengage the
requited term in the equation from those with' which
it is combined, and’ the expression for the weight’
becomes - o ’
_212bd8
“lcosp’

from which the followmg -practical rule is derlved

.Rule 8. Multiply 212 times the breadth in inches
by the square of the depth. in inches, and divide the
product by the length in feet drawn into the natural
cosine of the angle of inclination,‘ﬁ)r-’th‘e load. that
the beam will bear. o bLon

‘Example 5. The length: of a beam of oak “or
the distance from the top- of one siuppert-to the
top of the other is 24 feet, its hreadth 12 inches;
and' depth 20 inches;; how much will it bear sns::
pended from the middle, supposing: its-inclination to
the horizon to be 32 degrees, and: the. strain wuhm‘
the elastic power of oak ? :

c
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Here, by the rule, we get

212 x 12 x 20¢
24 % 848

=49997 pounds, the
load required ; and the load that will produce frac-
ture is 49997 x 3-36=167989 pounds. Hence it
appears, that a beam is stronger when it is supported
in an inclined position than when it is horizontal,
and the greater the inclination the greater is the
increase of strength ; for, as the angle of inclination
increases, its cosine decreases, and since this is the
element that affects the strain, it is obvious that the
strength must increase directly as the angle of incli-,
nation, till it arrives at the perpendicular, where the
inclination is a right angle, in which case it becomes
the resistance to compressnon

In the next place, we have to inquire what will
be the conditions of the strain, when the beam is
supported horizontally at the ends and the load or
straining force applied at some intermediate point.

By the principles of the maxima and minima of
quantities, it is easy to shew that the strain is the
greatest when it occurs at the middle of the beam,
it must therefore decrease as the point of application
approaches either support; and the writers on the
strength of materials have shewn, that the ratio of
decrease is as the rectangle of the segments into which
the distance between the supports is divided by the direc-
tion of the straining force. Let m and n represent
the segments, then we have
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& 212bde 53bdel ., . .
.Z M ——-l-——.w_..—’-n—-"—, that l_S,

when the beam is supported horizontally at the ends,
and the load or straining force applied at some inter-

mn

mediate point, the equation which involves the seve-
ral conditions of weight and dimensions, is
, mnw=>53bd"l. (5)
. - This equation- consists of seven factors, one con-
stant and six variable, any four of which being
given, the fifth can easily be found; we say no-
thing of the sixth, viz., the length of bearing, which
is equal to the sum of the segments  and », and
consequently is always known when they are given
separately; but when it is required to find the seg-
meats 7 and z, the length / must be one of the four
variable parts; the analysis of the equation, there--
fore, branches itself into four distinct cases, as
follows : . ‘ '

1. Given m, n, and b, to find w ;

2. Given m, n, d, and w, to find b;

3. Given m, n, b, and w, to find d;
‘ 4. Given b, d, /, and w, to find m and z.
And these cases are resolved in the following manner.

Prosrem IV. In the equation mnw=>53bd*l, there
are given the breadth b, the depth d, and' m and n
the segments of the length ; to find the weight w.

Let each side of the equation be divided by the-
rectangle of the segments of the length, viz., mn, and
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the expression for the load, in terms of the other

given quatities, becomes
' __53ba¥]
~ mn

from which the following practical rule is-derived.

Rule 9. Multiply 53 times the breadth in inches
by the sum, of the segments or. the length of bearing
in feet drawn into the square of the depth in inches,
and divide the product by the rectangle of the seg-
ments.into which the length of bearing is divided,
for the load to be supported:in pounds.

Example 6. A uniform rectangular beam of oak,
5 inches broad, 18 inches deep, and: 20 feet between
the supports, is required to sustain a load at a point
14 feet distant from one support, ‘and 6 feet from
the other;” how much' will it bear; the strain bemg
within. the elastic force of the material ?

Here, by the rule, we get

53x5xl4+6x18
——1ix8 -20443 pounds the

load required, - :

The preceding load, as calculated. by the rule in
its present form, includes the. effect produced by the-
weight of the beam, and since this weight, acting
as-a unifortn ferce, is the same as’if one half ‘of it
were applied at the middle point, it is obvious; that
half the weight of the beam must be taken from the
above result,. and the, remainder. is the load that
should be applied externally, to. make allowance.for.
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the ‘effect ‘produced by the. weight 'of ‘the 'beam,
which, in delicate :practical cases ought always to
be considered. Now, we have shewn elsewhere,
that the area of the cross section in inches, multi-
plied by *36 times the length of bearing in feet, ex-
presses the whole weight of the beam; therefore,
6 x 18 x 20 x 0°36 =648 pounds, the half of which is
324 ‘pounds; hence we have 20443 —324=20119
pounds, for the ‘external load that will destroy the
elastic force: but half the weight of the beam is
expressed by 0°185d/:(see the first problem) ; and the

~_53bdel

present problem gives w = ; therefore we have

mnw= bdl(53d— 18mn). (6)
From 'this formula the expressxon for the load
becomes ’

_ bal (58d-—18mn)
) mn

from which the following practical rule is detived,

Rule 10. From 53 times the depth.in-inches, sub-
tract 0°18 times the rectangle of the segments of the
length of bearing in feet; ‘multiply the remainder
successively by the breadth, depth, and length, and
divide the product by the rectangle of the segments,
for the load in pounds.

Taking the data of the preoedmg examp]e, we get

53x 18—14x 6 x *18==938°88 ;

938+88 x 5 x 18 x 20 :
;hen, ;1 xxs X2 =20119 pounds, the

same as .befor.e. .
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And the load that will produce fracture is 20119
x 3:36 =67600 pounds, very nearly.

Prosrrm V. In the equation mnw=>53bd’l, there
are given, the depth d, the weight w, and m and n

the segments of the length of bearing ; to find tke
breadth b.

Let each side of the eqilatibn -be divided by
53d°l, and the value of the breadth in terms of the
other quantities will be expressed as under, viz.

mnw
b_53dgl’

from which the following practical rule is derived.

Rule 11. Multiply the load to be supported in
pounds by the rectangle of the segments of the
length of bearing in feet, and divide the product by
53-times the length or sum of the segments, drawn
into the square of the depth in inches, for the breadth
required. 4

Example 7. An oak beam, 18 inches deep and
20 feet between the supports, has a load of 20443
pounds applied ata point, 14 feet from one extre-
- mity and 6 feet from the other; what is its breadth,
the elastic force remaining perfect ?

Here, by the rule, we get

20443 x 14 x 6

m= 5 inches, the breadth

sought.
The above breadth supposes the effect produced
by the weight of the beam to be incorporated with
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that produced by the given load; but to find a

breadth that will resist both effects, we must recur

to equation (6), where ‘
mnw=>bdl(53d— ‘18mn).

.Let each side of the equation be divided. by
dl (53d—18mn), and we obtain
| p mw

~dl(53d—-18mn)’
from which the following pracfical rule is derived.

" Rule 12. From 53 times the depth in inches
subtract 0°18 times the rectangle of the segments of -
the length of bearing in feet ; multiply the remain-
der by the sum of the segments drawn into the
depth in inches, and reserve the product for a di-
visor.  Again ; multiply the weight in pounds by the
rectangle of the segments of the length in feet;
then, divide the product by the reserved divisor for
the breadth sought,

* . Taking the data of the preceding example, we
get : :

: 20443 x 14x 6

18 x20(563 x 18—-18 x 14 x 6)

= 508 inches,

for the ‘breadth required.
. The load which a beam 5:08 mches broad 18
inches deep, and 20 feet long will bear, at a point
14 feet from one support and 6 feet from the other, is
20770 pounds, calculated by the rule to Problem IV. ;
and half the weight of a beam of these dimensions
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is .327 pounds; therefore, 20770-— 327 =20443
pounds, .the load -proposed. ‘

ProBLEM .VI. In the equation mnw=>53 bd*l, there
are given, the breadth b, the weight w, and m and
n the segments of the leugth to find the depth d.

Let each side of the equatmn be divided by 534 ¢,
and we get

t

manw

‘ ‘ d £ = *53—61.
Therefore, by extracting the square root of both sides
of this equation; the value of d, in-terms of the rest,

becomes
mnw
d= \/ 5350 5

from which the following practical rule is derived.
~ Rule 13. Multiply the weight in pounds by the
rectangle of the segments of the length in feet ; di-
vide the product by 53 times the length in feet
drawn into the breadth in inches, then the square
root of the quotient will give the depth required.
Example 8. A beam of oak, 20 feet long and 5
inches broad, has a load of 20443 pounds applied at

a point 14 feet from one support and 6 feet from the .

other; what is the depth of the beam, the elé.stic
force remaining perfect? -
Here, by the rule, we get

20443 x 14 x 6

B3xa0xs —924;
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and the square root-of: 324=18 inches, the depth
requlred

But to find a depth that will maké allowance
for the effect prodixced by the weight of the beam,
we must again recur to equatlon (6); where '

mnw= bdl(53d— 18mn)

- The -determination .of - the unknown term, in >th18
case, evidently requires the xeduction of an adfected
quadratic equation, from which we find the expres-
sion for the value of the depth in the terms of the
rest, to be

d=g409mn +  ma (B 4 -0081mn)} ;

from which the following practical rule is derived.

Rule 14. Divide 53 times the given load in
pounds by the breadth in.inches, drawn -into the
length of bearing or sum of the segments in feet ; to
the quotient add the rectangle of the segments, mul-
tiplied by the fraction *0081 ; multiply the sum by
the rectangle of the segments, and extract the square
root of the product : to the said square root add the
rectangle of the segments in feet, multiplied by the
fraction ‘09, and divide the sum by 63, for the
depth required.

Taking the data of the preceding example, we
- have ‘

20443 X 53 Tl —0R4.033
o 14x6x {558 14 6x 0081} = 954033 ;
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954:033+ 14 x 8 x 09

3 =18'143 inches, the

‘then,

depth required.

~ The load that a ‘beam 5 inches broad, 18'143
inches deep, and 20 feet long, will bear, at a point
14 feet from one support and 6 feet from the other,
is 20770 pounds, calculated by the Rule to Pro-
blem IV; and half the weight of a beam of these
dimensjons 1s 327 pounds; therefore, 20770—327
=20443 pounds, the load propbséd. '

ProsLEM VII. In the equation mnw=>53 bd"l, there

~are given; the breadth b, the depth d, the length 1,

" and the weight w; to find m and n, the segments of
the length separately.

Here, divide both sides of the equation by w, the .

gnven welght and we have
53 bdel
w b

but m +n=/, by the nature of the question ;

from which it appears that the problem resolves
' 1tse]f into the following, viz. '
,Given the sum and product of any i two quantztzes,
to ﬁnd those quantztzes separately. Now, the solution
of this problem is easily effected by the following
rule. ‘ A
From the square of the sum of the two given quan-
tities, subtract 4 times their product or rectangle ; then,
to or from half the sum, add or subtract half the square
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root of the difference, and the sum or remainder will
give the greater or lesser segment accordingly.

The expressions for the segments, as'determined
by this rule, are, in terms of the given quantities,
respectively as below, viz.

-m_—{l-i- -

and n=1 l /l’ 212bd£l

Where m is the greater, and » the lesser 'seg-
* ment, into which the length of bearmg or distance
between the supports, is divided at the point of
strain ; from which the following practlcal rule is:
derived:

Rule 15. Multiply 212 times the length in feet
by the breadth drawn into.the square of the depth,
both in inches; divide the product by the weight
in pounds, and subtract the quotient from the square
of the length in feet; then, to or from thelength,
add or subtract the square root of the remainder,
and half the sum, or half the difference, will be the
greater or lesser segment accordingly.

Ezample 9. Suppose a beam of oak to be §
inches broad, 18 inches deep, and 20 feet long be-
tween the supports, at what point of its length will
it sustain a load of 20443 pounds, its elastlc force
remaining perfect ?

Here, by the rule, we get

: 212x20x5x 182
2
20"~ 20442

212 bd%1 }
bl

=64;
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. 'then, 4 (204 v'64)= 14 feet and 6 feet for
the distances.from the supports.

The ‘point which we have :just determmed an-
swers:to the case where the proposed load includes
the effect produced by the weight of the beam ; but
to find.a point that will make allowance for this
effect, we must revert to equatxon (6) where

mnw= bdl(53d—-18mn).
Now, the expressnons for the segments m and #, as
determined from this equation, are

10+ \/ = w2-il-2lb8dbg¢lil' ;
and n=3 {l— VG- L
from which we derive the following practical rule.
Rule 16. Multiply 212 times the length of
bearing, or distance between the supperts in feet,
by the breadth drawn into the square of the depth,
poth in inches; divide the product by the weight
in pounds, added to *18 times the continued product
of the length, breadth, and depth, and subtract the
quotient from the square of the length in feet; then,
to -of from  the lemgth in feet, add or subtract the
square root of the remainder, and half the sum, or
half the difference, will be the greater or lesser
segment accordingly.
Taking the data of the preceding example, we
have :

212 x 20 x 5 x 182
20443 420 x 5x 18 x 18

=330°7555;
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then, 400 — 330°7555 =69-2444 ;. therefore, .

3 (20 + ~ 69-2444) = 14°186 feet, and 5-84
feet for the distance from the supports.

The load that a beam 5 inches broad, 18 mches
deep, and 20 feet long, will bear at a point 14 16 feet
from one support, and 584 feet from the ‘other, is
20767 pounds, calculated by the rulé to Problem IV ;
and half the weight of'a beam of these dimensions is
324 pounds ; therefore, 20767 — 324 = 20443 pounds,
the load proposed. |

It may sometimes happen, that the load which
a beam will sustain at the middle is given, to de-
termine a point in its length where it will support
any greater load, or any number of times that which
is given. This is apparently near akin to the last
problem, but it'is not precisely the same ; and since,
under particular circumstances, it may be useful,
we shall here bestow on it a separate solution.

Let w be the load that the beam will sustain at
the middle of its length, and W the load whlch it is
required to sustain at some other point : then, since
the strength of the beam, or the load which it will
bear at any point, is-inversely as the rectangle of
the segments of the length at that point, we have

mn g.: :w: W; thatis .
2w
-W’
m+n =, by, the nature of the problem ;

mn= and moreover
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therefore, by proceeding in the same manner as we
did in the preceding solution, we find that

m—n=1_J/ W—uw
— _W .

Wherefore, the expressions for the segments 7 and

‘n become
l : W—=w -
and » _?{ - ~ S

- from which we derive the folloﬁving practical rule:
. Rule 17. Divide the difference between, the
greater\and,'lesse.r Weighi_:s by the greater weight ;
then, to or from unity, add or subtract the square
root of the quotient, and multiply the sum or differ-
ence by half the length of the beam i in feet, ofor the
greater or lesser segment accordmgly -

. Ezample 10. A rectangular beam of oak 20 feet
long, is found to sustain 17172 pounds, when ap{
plied at the middle point how far distant from
each support is the pomt where it will sustain
20443 pounds ?

Here, by the rule, we get

20443 — 17172
20443

Now, the square root of *16=+4, and half the length
of the beam is 10 feet; therefore, 1+ -4 x 10=14
feet, the distance from one of the supports, and
consequently 20 — 14 =6 feet, the distance from the
other. ‘Again, let it be required to find a point

=:16;
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where the beam will sustain’ any number of times
the load that it sustains at the middle of its length.
Let ¢ be the number of times the load has to be

increased ; then,

e L
mn:Liiw:aw; therefore

2 )
mn =—, and we know

4a’
that m + n=1 ;'her‘xce,‘by reduction we have

‘ ‘m—n—l| / aa ; therefore,

the expressions -for the segments m and % are as
under, viz. '

m:%{l-ﬂ-_ a%l},

and n‘:éf{l— 5'-'—1};

a
from which the following practical rule is derived :

Rule 18. Subtract unity from the number that
denotes how often the given load has to be in-
creased, and divide the remainder by that number;
then, to or from unity, add or subtract the square
root of the quotient, and multiply the sum or re-
mainder by half the length of the beam, for the
greater or lesser segment accordingly.

Ezample 11. The length of a rectangular beam
of oak is 20 feet; at what point of its length will
it bear 4 times as great a load as ‘it is capable of ]
bearing at the middle ?

Here, by the rule, we get
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4—1_ onn.
and half the length of the beam is 10 feet ; therefore,
1+-866 x 10 = 1866 feet, from one support, and

1—-866 x 10 = 1-34 feet from the other.

We now proceed to the consideration of that
case, when the beam is supported at the ends, and
loaded uniformly throughout the length.

It is a well-established fact in the doctrine of
the strength of materials, that a bar or beam is
capable. of supporting twice the load when uni-
formly distributed throughout the length, that it
can support when applied at the middle point.
Now, we have already shewn [See Equation (1)],
that when a beain-is supported at the ends and
loaded in the middle, the several conditions of
strength and dimensions are expressed by the

following equation,
lw=2125d".

Therefore, from what we have just stated, when
the beam- is ‘supported. at the ends and loaded uni-
formly throughaut the. Jength, the several conditions
must be expressed :by

lw=425ba"

This equation- being precisely of the same form
as Equation (1), with the exception of the constant
number, it i obvious that the analysis, and the
several rules arising from the reduced equations,
must be the same also, observing to use the number
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425 instead of 212, in all the rules from the first
to the sixth, both inclusive. We give the following
example for illustration.

Ezample 12. A beam of oak 12 inches in breadth,
and 16 feet between the supports, is found to sustain
a load of 25760 pounds uniformly distributed over
the length; what must be the depth to make allow-
ance for the effect produced by the weight of the
beam, supposing the elastic force of the material to
remain perfect?

This example is evidently resolved by Rule 6,
taking care to employ 425 for 212 whenever the

latter occurs in the rule ; or take half the given load -

and proceed exactly as in the rule, retaining 212
for the constant number. We shall resolve it by
both methods, the better to shew the coincidence.

1. By using 425 instead of 212, or rather 2121,

B A = 912333-3333
16°x -0081=  33-1776 (add)

~ 912366°511 x 16 = 3820°71

382071 +162x09_ 9.4 inches, the depth

then, 195

required.

2. By using half the load and retaining the
constant 2121, - '

12880 x 212} _ 228083.'3333
12 -~ het

16°x -0081= 331776 (add)
V228116511 x 16 = 191035 ;
D
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1910-354 162 x -09
then, 313 =

9°04 inches, the same
as before.

When a beam projects horizontally from a wall,
into which one of its ends is firmly fixed, if a load
be applied at the other end, the effect of the load
so applied is four times as great as when the beam
is supported at the ends and loaded in the middle;
therefore, the several conditions of strength and
dimensions are expressed by the following equa-

tion, viz.
lw=>53bd".

Consequently, if the constant number 53 be sub-
stituted for 212, the rule above stated will apply
here also; and when the beam is fixed at one end,
and loaded uniformly over the length, the equation

becomes
lw=106bd".

Hence, if we use the constant 106 instead of 212,
the same rules will still .apply. We give the fol-
lowing example for illustration.

Example 13. A beam of oak, 9 inches broad, and
16 inches deep, has one end firmly fixed in a wall,
and a load suspended from the other end; how
much will it bear, supposing the length of projection
to be 10 feet, and the strain within the elastic
power of the material?

Here, since it is not proposed to make allowance
for the weight of the beam, the first rule is appli-
cable, and the process is as follows :
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53x9x162

—o— = 12211 pounds, the load

required.
.Let the same beam be loaded uniformly over

the length, and we have

106 x9 x 162
10

which the beam will bear umformly diﬂ'used through-
out the length.

_24422 pounds, the load

Before we dismiss the rectahg'u‘lar. form, it may
perhaps be useful to propose one or two problems
of a somewhat different nature from those which
we have chosen for illustration; such as the fol-
lowing.

Prosrem VIII. Given the breadth b, and the depth d,
of a uniform rectangular beam of oak, supported
at the ends in a horizontal position; to find its
length such that it will just break by means of its
own weight. |

We have shewn under the rule to the first pro-
blem, that the whole weight of a beam of oak when
its form is rectangular, is expressed by ‘36 4/, and,
moreover, that this weight produces the same effect
in straining the beam, as if one half of it, or *18 0 d/
were collected at the middle point; hence, by the
nature of the problem,. 18 5d/ pounds must be
sufficient to break the beam. .- —

A Now, it is shewn (Equation 3), that in the case
of fracture, the conditions of strength and dimen-
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sions are expressed by /w="714bd*; which, by
dividing both sides by /, becomes
‘ 714 bds
_ w=—]
Therefore, by the conditions of the problem, we
get

‘18 bdl = ”41“’

and division, becomes /*=3966%£d; and by ex-

tracting the squa;'e root of both sides of this last

equation, the expression for the length becomes

‘ l=63vd;

from which the following practical rule is derived. -
Rule 19. Multiply the square root of the depth

in inches by 63, and the product will be the length

in feet, of a beam that will just break by means of

its own weight.

; and this, by multiplication

Example 14. The depth of a rectangular beam

of oak is 16 inches; what must be its.length that
it may just break by means of its own weight ?

Here, by the rule, we get

63 v 16 = 252 feet, for the length
required.

Hence, we infer, that a beam of oak 252 feet
long, and 16 inches deep, will break by means of
its own weight, whatever its breadth may be: this
is evident, from the circumstance of the breadth
vanishing in the course of the investigation. Let us
suppose that the beam is 4 inches broad; then,
half the weight of a beam 4 inches broad, 16 inches

r
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deep, and 252 feet between the supports, must be
just equal to the weight that will break it, calculated
by Rule 7. Now, the weight of the beam is 5806
pounds; its half is 2903 pounds, and the weight

that will break it is

T14x4x 16
252

coincidence proves the correctness of the principle.

= 2902 pounds. The

ProBLEM IX. Given the length of a rectangular beam
of oak, that will just break by its own weight ; to
Jind the depth.

It is shewn above, that the expression for the
length in terms of the depth, is
- I=63vd.

Let both sides of the equation be divided by 63,
and we get
@
:and this, by involution, becomes

3
d= 3969 °

from which the following practical rule is derived.
Rule 20. Divide the square of the given length
in feet by the constant number 3969, and the quo-
tient will be the depth of the beam in inches.
Ezxample 15. The length of a beam of oak is 58
feet; what must be its depth to break by its own'
weight? .

~/7=
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Here, by the rule, we get

%: *847 inches, the depth
required.

Suppose the breadth to be 4 inches ; then, half
the weight of a beam 4 inches broad, *847 inches
deep and 58 feet long, should be just equal to the
load that breaks it, calculated by Rule 7. Now,
half the weight of the beam is 35 pounds, and the
weight that will break it is

714 x 4 x 847¢
58

the same as half the weight of the beam.

=35 pounds nearly,

ProBLEM X. Given, the diameter of a cylindrical tree,

to find the dimensiens of the strongest rectangular

beam that-can be cut. out of it.

In resolving this problem we must observe, that
that beam is not the strongest which contains the
greatest quantity of material, but that whose breadth
drawn into the square of the depth is the greatest;
therefore, let 4 and d represent the breadth and
depth of the cross section in inches, D the diagonal
of the section or diameter of the tree, and ¢ the
angle which the diagonal 'makes with the depth ;
then we have

b=Dsin ¢, and d=Dcos ¢;
consequently, 4d°=D%ing cos’¢; which is to be
‘a maximum; and this happens when ¢ is such,
that sin ¢ = -13-~/_§= +57735; that is, when ¢=35° 16'.
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Hence the expressions for the breadth and depth of
the beam, in terms of the diameter of the cylinder,

* are as follow, viz.
b=-57735D,

and d='81647D;
- from which the following practical rule is derived.
Rule 21. Multiply the given diameter of the cy-
linder by the natural sine and cosine of 35° 16’ sepa-
rately, and the products will give the breadth and
depth of the beam respectively.
- Example 16. The diameter of a round tree is 27
inches; what are the dimensions of the strongest
rectangular beam that can be cut from it?
Here, by the rule, we get
*67735 x 27 =156 inches nearly, the breadth
and ‘81647 x 27=22 inches nearly, the depth.
The area of the cross section of the cylindrical
tree is expressed by *7854D? and the area of the
cross section of the strongest rectangular beam that -
can be cut out of it is expressed by D* sin ¢ cos ¢;
therefore, those areas are to one another as *7854 to '
‘4714.

Of Square Beams when exposed to a Transverse or
Cross Strain.
In the case of square beams, our fundamental
principle is expressed in the following manner.
The cube of the side in inches, divided by the
length in feet drawn into the load in pounds,
ts the same in all.
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Let S represent the side of the square in inches,
L the length of bearing or distance between the
supports in feet, and W the weight in pounds that
were employed in and determined from the experi-
ment; and let s, and w be the side of the square
in inches, the length of bearing in feet, and the load
in pounds, for which the calculation is made ; then,
by our fundamental principle, we have |

S _ 2,

LW ™ lw? ,
which, by clearing the equation from fractions, be-
comes - )
lwS*=LWs¢ (B)

Now, from Mr. Tredgold’s experiments we learn,
that a bar of oak, 1 inch square and 24 inches be-
tween the supports, will just break with a load of
357 pounds applied at the middle of its length ; and
we have shewn in the third equation preceding,
that the load which merely destroys the elastic
force, is to the load which produces fracture, as 1 to
336 ; hence we infer, that the load which will de-
stroy the elastic force of a bar 1 inch square and
24 inches long, is 1063 pounds; let these numbers
be substituted for S, L and W in equation (B), and
we have, by taking the length in feet and omitting
the fraction,

_ lw=212s )
The analysis of this equation branches itself into
two distigct cases, viz., when ;he dimensions of the
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beam are given, to find the load that will destroy the
elastic force, and, when the length and the load are
given, to find the side of the square section ; these
-cases are expressed as follows:

1. Given /and s; to find w.
2. Given / and w; to find s.

And from these we deduce the following Problems.

ProsrLem XI. In the equation lw=212s, there
are given the length of the beam I, and the side of
its cross section s ; to find the weight w, that it will
bear while its elastic force remains perfect.

Let each side 'of this equation be divided by
the length /, and we have
_ 2128

=—;
from which the following practical rule is derived.

Rule 22, Divide 212 times the cube of the side
in inches, by the length of bearing or distance be-
tween the supports in feet, and the quotient will be
the weight in pounds that the beam can support
with safety. ' '

Ezample 17. What weight will a beam of oak,
7 inches square and 16 feet between the supports,
sustain at the middle of its length ; the strain being
within the elastic power of the material ?

Here, by the rule, we get -

2121 = T = 4545 poundsvery nearly,
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the weight required ; and 4545 x 3:36 = 15271 pounds,
the load that will produce fracture.

We have already shewn, that the weight of a
uniform beam of oak.is expressed by the area of its
cross section in inches multiplied by the fraction
 0°36, drawn into the length of the beam in feet;
and, moreover, we have stated, that the weight of
the beam acting as a uniform force, produces the
same effect as if one half that load were collected
at the middle point; therefore we ‘have, for the
weight of the beam, 7° x 16 x 0°36 =282 pounds, the
half of which is 141 pounds, and this gives 4545
—141=4404 pounds, for the external load that the
beam will bear with safety ; and 15271 —141=15130
‘pounds, the external load that will produce fracture.

Put 0°18/s*=half the weight of the beam ; then,
Equation (7) modified to make allowance for the effect
of this weight, is

lw=s5(2125—0°187%). ©)

Divide each side of this equation bj the length ¢,
and the expression for the weight which the beam
will bear, becomes

w:_se(zmsl—o-lste);
from which the following practical rule is derived.

Rule 23. From 212 times the side of the square
in inches, subtract 0-18 times the square of the length
in feet ; multiply the remainder by the square of the
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»

side, and divide the product by the length, for the
load required. L
Taking the data of the preceding example, we get

725212 x7—0-18¢ 162
16

the same as before. ‘

= 4404 pounds nearly,

ProsrLEM XII. In the equation lw=2125% there are
given the length 1, and the weight w; to find s, the
side of the square.

Let both sides of this equation be divided by 212, |
and we get

83_212’

and this, by extractmg the cube root of both sides

becomes
w
212°

from which the following practical rule is derived.

s=

Rule 24. Divide the weight in pounds drawn into
the length of bearing in feet by 212, and extract the
cube root of the quotient for the side of the square in
inches.

Example 18. A square beam of oak, 16 feet be-
tween the supports, is found to sustain a load of 4545
pounds at the middle of its length while the elastic
force remains perfect: what is the side of its cross -
section ?

Here, by the rule, we get

4545x 16
a1z - 043
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and the cube root of 343 is 7 ; therefore, the side of
the required square is 7 inches. Now, this process
has been conducted on the supposition that the given
load includes the effect produced by the weight of the
‘beam ; therefore, to find the side of a square that will
make allowance for this effect, we must revert to
equation (8), where, |
lw=s"(212s~"185);

from which we derive the following cubic equation,
involving the value of the side s, viz.

1
8B e lw

$— 212 212°

If in this equation, we substitute the data of the
foregoing example, we shall have
5*—-217358*=343.

In this instance it would be difficult to give a rule
in words at length, by which to determine the value
iof the required term directly from the data; it would
be too operose to be understood, and we are convinced
that none but those who are acquainted with the re-
duction of the several orders of algebraic equations
could apply it; we are therefore compelled, although
reluctantly, to omit the rule, and refer our readers to
Nicholson’s or Bonnycastle's Algebra, where the differ-
ent methods of reducing cubic equations, are pointed
out and exemplified. The value of s, as found from the
preceding equation, is 7°074 inches very nearly; but
the load which a beam 7:074 inches square, and 16
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feet between the supports, will sustain at the middle
of its length, is 4691 pounds, calculated by Rule 22,
and half the weight of the beam is 146 pounds;
therefore, 4691 —146= 4545 pounds, the very same
as the load proposed.

We now proceed to the case where the beam is
supported horizontally at the ends, and the load ap-
plied at some intermediate point. It was stated in the
solution of the same case for the rectangular beam,
that the strain is proportional to the rectangle of the
segments into which the length of bearmg, or distance
between the supports, is divided at the point where
the load acts; and this principle being applied to the
. square form gives ,
’ mnw=>531s". (©))

And the several cases of analysis that arise from this.
equation are as below, viz. ,

1. Given m, » and s; to ﬁnd w., \

2. Given m, n» and w; to find s.

3. Given /, s and w; to find m and ».
From which arise the following problems.

Prosrem XIIL. In the equation mnw=>531s*, there
are given the side of the square s, and m and n
the segments of the length of bearing ; to find w,
the load that the beam will support at the point of
" section.

Divide both sides of the equation by the rectangle
of the segments, and we get
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_53s8(m+4n)
-7 mn ’
where m+n=1;
from which the following practical rule is derived.

Rule 25. Divide 53 times the cube of the side
in inches, drawn into the sum of the segments of the
length by the rectangle of the segments, and the
Quotient will be the load required.

Exrample 19. What load will be sustained by a
beam of oak 7 inches square and 16 feet between the
supports, when the load acts at the distance of 12
feet from one support and 4 feet from the other?

Here, by the rule, we get

53x T3 (12+4)

Toxi — —0060 pounds, the

load required.

And 6060 x 3:36=20362 pounds, the load that
will produce fracture. But we have shewn in the
example to the eleventh problem, that the weight of a
beam of oak 7 inches square and 16 feet long, is 282
pounds, and its half 141 pounds; therefore 6060 —
141=5919, and 20362~ 141=20221 pounds for the
load that will respectively destroy elasticity, and
produce fracture. )

Let 0°1875" represent half the weight of the beam,
then 'Equation (9) becomes ,

mnw = s*(m+n) §63s— 18 mn}. (10)
And the expression for the load is
_8%m+n){53s—18mn}

mn ’

from which the following practical rule is derived.
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Rule 26. From 53 times the side of the square in
inches, subtract *18 times the rectangle of the seg-
ments of the length of bearing in feet ; multiply the
remainder by the sum of the segments drawn into the
square of the side, and divide the product by the
rectangle of the given segments, for the load required.

Taking the data of the preceding example, we get

72(124+4){53x T—"18x 12 x 4 :
12+4)¢ 1;)(4 X2 }=5919p0unds,

the same as found above.

ProsLEM XIV. In the equation mnw=>531s*, there
are given m and n, the segments of the length of
bearing, and w the load to be supported ; to find s .
the side of the square.

Let both sides of the equation be divided by 53/,
and we obtain

mnw
"3"53(m+n)~’

therefore, by evolution, we have

S"/ mnw
- 53(m+n)’

from which we derive the following practical rule.

Rule 27. Multiply the rectangle of the segments
of the lengih by the given load; divide the product
by 53 times the sum of the segments, and the cube
root of the quotient will be the side of the square
required.

Ezample 20. A square beam of oak 16 feet in
length, is found to support a load of 6060 pounds,
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when applied at a point 12 feet from one support,
and 4 feet from the other; what is the side of its
cross section ?

Here by the rule, we get

12 x 4 x 6060
53(12+4)

and the cube root of 343 is 7 ; therefore the side of
the square beam is 7 inches. But to determine the
side that will be sufficient to support a load of 6060
pounds, and also to resist the effect produced by.

=343,

the weight of the beam, we must have recourse to
Equation (10), where

: mnw = s*(m+n) {63s—18mn}.
But this reduces to the form

‘18mn , mnw
= = Beny

and by substituting the data of the last example,
we obtain

£ —-163 =343,

which being reduced by the rules for cubic equations,
gives 7°054 inches very nearly, for the side of the
square required. Now the load which a beam 7-054
inches square, and 16 feet long, will support under
the specified conditions, as calculated by Rule 25,

is 6204 pounds, and half the weight of a beam of these
~ dimensions, is 144 pounds; therefore 6204 —144=
6060 pounds, the same as the load proposed.
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ProsLEm XV. In the equation mnw=>531s", there
are given, the length of bearing 1, the side of the
square s, and the load w; to find m and n the
segments of the length separately.

If both sides of the equation be divided by the

given load, we have .

mn=

w )

and m+n= /, by the nature of the question.
Hence, by the rule at Problem VII., we obtain

) - 212183
m=3{l+,/ F~ = },
. — 212153
andn-%{l—\/l’— —

where m is.the greater and n the lesser segment, and
from which expressions we derive €¢he following prac-
tical rule. )

Rule 28, Multiply 212 times the length in feet,
by the cube of the side in inches ; divide the product -
by the given load, and suhtract the quotient from
the square of the length ; then, to or from the length,
add or subtract the square root of the remainder,
and half the sum or half the difference will give the
greater or lesser segment accordingly.

Ezample 21. A beam of oak 7 inches square, and
16 feet between the supports, is found to sustain a
load of 6060 pounds at some point of its length
while the elastic force remains perfect ; how far is
the point distant. from each support? '

E
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Here, by the rule, we get
162 212x16x73

——eoe0 ——64; :
then 4 (16 + v 64)=12 and 4 feet, for- the
resbective distances.

But the point which we have just determined
will not answer for a load of 6060 pounds applied
externally ; it is obvious that the effect produced by
the weight of the beam must be taken from the given
load, and the remainder 5919 pounds is the external
load that the beam will bear at that point; it is,
however, required to determine the point where the
beam will be capable of sustaining 6060 pounds, and

 for this purpose we must refer to Equation (10), where

mnw=s* (m+n) {53 s—~°18 mn}.
And the expressions for the segments m and 7, as
determined from this equation, are

212153
m=3 0+ Py
/ 21215°
and n=§{l— l’—m’z} H

from which expressions the following practical rule
is derived.

Rule 29. Multiply the length of bearing in feet
by the cube of the side in inches, and again by the
constant number 212; divide the product by ‘the
given load, increased by ‘18 times the length of
bearing drawn into the square of the side, and sub-
tract the quotient from the square of the length ;
then, to or from the length, add or subtract the
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square root of the remainder, and half the sum, or

half the difference, will give the greater or lesser

segment accordingly. .
Taking the data of the precedmg example, we

get
169 212x16x73
T 6060 +-18x 16 x 7¢

then, 1 (16 + v 68.38) =12'13 and 387 feet,
the distances from each support.
~ The load that a beam 7 inches square, and 16
feet long, will sustain at a point, 12-13 feet from one
support, and 3'87 feet from the . other, is 6201
pounds, calculated by the rule to Problem XIII. .
And half the weight of the beam is 141 pounds;
therefore 6201 — 141 = 6060 pounds, the same as
the load proposed.

In the case where the beam is supported horizon-
tally at the ends, and the load uniformly dzﬂ'used over
the length, the formula that involves the conditions
of strength and dimensions, is as follows, viz.

- lw=425s%;

-an equation of the same form as Equation (7), having
425 instead of 212; thereforé, if 425 be substituted
in Rules 22, 23, and 24 for 212, the rules in every
other respect will remain the same.

When the beam is fived at one end and a load ap-
plied at the other, the formula that expresses the
conditions is

=68 38

lw =5383;



52 ~ Strength of Tignber.

an equation which differs only in the constant
number from the preceding; and wéhen the beam
is fixved at one end and loaded uniformly over the length,
the formula is
- lw=106s"

If, therefore, the numbers 53 and 106 be employed
in the three rules above specified instead of 212,
the rules will not otherwise require to be altered.

Square beams are sometimes strained in the
direction of their vertical diagonal, in which case
they are considerably weaker than when the direc-
tion of the straining force is parallel to the side;
this is contrary to the opinion of some eminent
authors, but it has been found both from theory
and experiment to be the case : the ratio of strength
in the two positions is as 1 to :};, or as radius to
the sine of 45 degrees.

Hence, we have 1 : *7071 : : 212 : 150 very nearly;
therefore, the formula for a square beam, supported
horizontally at the ends, and loaded in the middle,
when strained in the direction of the vertical dxa-
" gonal, is

{w=150s*
expressed in terms of the side, but when expresséd
in terms of the diagonal it is

ly=53D°; ,
where D is the diagonal of the square. We now
proceed to the consideration -
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- OF cylindrical beams when éxposed to a transverse or
cross strain.

The transverse strength of a cylindrical beam, is
to the strength of its circumscribing square prism, in
the ratio of 471 to 800 very nearly ; hence we have

800:471::212:126;
where 212 is the constant for a square beam placed
under the same circumstances as the cylindrical one
is supposed to be. Therefore, if d represent the dia-
meter of the cylinder, we have ’
lw=1254" (11)
And the several cases of the analysis are as below,
viz. ‘ ‘
1. Given / and d, to find w,
2. Given / and w, to find d.
And from these cases wé deduce the following
problems. '

ProBrLEM XVI. In the equation lw= 125 d*, there are
given the diameter d, and the length of bearing |,
to find the load w.
Let each side of the equation be divided by /,
and we obtain ‘
w1250

i ] l 9

from which equation the following practical rule is

derived. ‘

Rule 30. Divide 125 times the cube of the dia-
mieter in inches by the length of bearing in feet, and
the quotient will be the load required in pounds.
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Ezxample 22. What load will a beam of oak 7
inches diameter, and 20 feet long, sustain at the
middle of its length; supposing 1ts elastic force to
remain perfect ? _

Here, by the rule, we get,

125;(7 =2144 pounds the load

requlred

But the weight of a beam 7 1nches diameter, and
20 feet long, is 277 pounds, calculated by the rule
given under the first problem, and its half is 139
pounds; therefore, 2144 — 139 = 2005 pounds, the
whole external load that ought to be applied. |

To modify the formula for the effect produced
by the weight of the beam, we have for the weight
of a cylindrical beam 0-36 x *7854 /d®=282744 14",
and its half is -141372/d%, or for practice *147d*

will be sufficiently near the truth; therefore,

l2il‘i— 14 1d°;

~ or by clearing the equation of fractions, and simpli-
fying the arrangement, it becomes
lw=d*(125d—"141%). (12) .
And the expression for the load is
o= d9(l25dl—']412) :

from which the following practical rule is derived.

Rule 31. From 125 times the diameter in inches,
subtract ‘14 times the square of the length in feet; -
multiply the remainder by the square of the diameter,
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and divide the product by the length for the load
required. :
Taking the data of the preceding example, we

have
72 x (125 x 7—"14 x 202)
20

=2005 pounds,

the same as before.

PkopLEM XVIL. In the equation lw = l25d‘f‘, there
are given the length I, and the load w; to find the
diameter d.

Let both 81des of the equatlon be divided by

125, and we get

lw
S
@*= 1257

and by extracting the cube root of both sides, the
expression for.the diameter is ~

lw
1
a=_. 125° ord=1¥Tw;

from which the following practical rule is derived.

Rule 32. Multiply the length of bearing in feet
by the load to be supported in pounds; then, one-
fifth the cube ropt of the product will be. the dia-
meter requnred

Example 23. A beam of oak 20 feet long, is found
to sustain a load of 2144 pounds at the mjddle of its
length while the elastic force remains perfect; what
is its diameter ?

Here, by the rule, we get

_ d=1y20x 2144=7 inches, the diameter
sought.
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But a beam of 7 inches diameter, and 20 feet
long, was found from Example 22, to be. capable
of supporting only 2005 pounds applied externally,
while the elastic force remained unimpaired ; the
difference is 2144 — 2005 =139 pounds, which arises
from the effect produced by the weight of the beam
itself. Hence, to find the diameter such, that it
will support any proposed external load, we must
recur to Equation (12), where

lw=d*(125d—"1470°). -
And this reduces to

polal g, w

125 125’
or, by substituting the numbers in the precedmg
example, we obtain
a’— 448d’...343
which being reduced by the rules for cubic equa-
tions, gives
d=7°153 inches very nearly, for
the diameter required. .

Now, the load which a beam 7°153 inches in
diameter, and 20 feet long, will bear, is 2287 pounds,
calculated by Rule 30; and half the weight of a
beam of these dimensions is 143 pounds; therefore,

2287 — 143 = 2144 pounds, the same as the load
proposed.

"In the next place, when the beam is supported
honzontally at the ends and loaded at some inter-’
mediate point, we. have, from the principle already
stated,
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mnw=311d° (13)
From which the following cases of analysis are de-
rived, viz.
1. Given m, n and d; to find w. -
2. Given m, n and w; to find d.
3. Givend, 7and w; to find m and z.
And from these arise the following problems.

ProsrEM XVIIL. In the equation mnw=311d°, there
are given the diameter d, and mn the segments of
the length of bearing ; to find the load-w.

Let both sides of the equation be divided by the
rectangle of the segments of the length, and it
becomes.

3
w:ﬂi’%"'—")-; where m +n=1;

from which we derive the following practical rule.

Rule 33. Divide 31 times the cube of the dia-
meter in inches drawn into the sum of the segments
of the length, by the rectangle of the segments, and
the quotient will be the load required.

Ezample 24. A beam of oak 7 inches diameter
and 20 feet between the supports, is required to
sustain a load at the distance of 16 feet from one
support, and 4 feet from the other; how much will
it bear, the strain being within the elastic power
of oak ? ' :

Here, by the rule, we get

31x73x (16+4) __

T6%1 =3323 poundé, the

load required.
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But it has been shewn, that half the weight of a
beam of these dimensions is 139 pounds ; therefore,
3323 — 139=23184 pounds for the external load.

Now, to modify the formula so as to determine

the external load directly by the operation, we have

3llds_.l41d‘g; :
mn

and this, by clearing it from fractions and simpli-
fying the expression, becomes
' munw=d*(m+n) {31d—14mn}. (14)
Where, as we have shewn above, m +n=1/,. Hence,
the expression for the load is

w=d¢(m+u) {31d —-14mn} ;

mn

from which the following practical rule is derived.
Rule 34. From 31 times the diameter of the beam
in inches, subtract ‘14 times the rectangle of the
segments of the length; multiply the remainder by
the sum of the segments drawn into the square of
the diameter, and divide the product by the rec-
tangle of the given segments, for the load required.

Taking the data of the preceding example, we get

72(16+4){31 x 7—-14x 16 x 4 '
T } - 3184 pounds,

the same as before.

Prosrem XIX. In the equation mnw=311d°, there
are given, the load w, and m and'n, the segments of
the length ; to find the diameter d. '

Let both sides of the equaﬁon be divided by 31/;
or, since /=m + n, divide by 31 (m + ), and we get
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= "
. 31(m+n) g
and by extracting the cube root of both sides, the
expression for the diameter becomes
e 3
=/ siguin’
from which the following practical rule is derived.
Rule 35. Multiply the rectangle of the segments
of the length by the given load; divide the product

by 31 times the sum of the segments, and extract the

cube root of the quotient for the diameter required.
Ezample 25. A cylindrical beam of oak 20 feet

in the length of bearing, is found to support a load

" of 3323 pounds, when applied at a point 16 feet

from one support and 4 feet from the other; what

is its diameter, the strain being within the elastic

force of the material ? -
Here, by the rule, we have

d=_/ % =17 inches, the
diameter required.

But, in order to find the dian_xeter that will make
allowance for the effect produced by the weight of
the beam itself, we must refer to Equation (14), where

hmw:d’(m+n) {31d—-14mn};
which reduces to the following form, viz.

‘14mn mnw
s_ g .
d 31 d ~31(m+n)’

and by substituting the data of the foregomg ex-
ample, we get .
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d*—-2894°=343;

which being reduced by the rules for the reduction
of cubic equations, gives
' d=17-098 inches very nearly, for
the diameter required. )

Now, a cylindrical beam of oak 7:098 inches in
diameter, and 20 feet long, will bear 3464 pounds,
at a point 16 feet from one support, and 4 feet from
the other; and half the weight of a beam of these
dimensions is 141 pounds ; "therefore 3464 —141=
3323 pounds, the same as the load proposed.

ProBrLEM XX. In the equation mnw=311d* there
are given the diameter d, the length of bearing |,
and the load w; to find m and n, the segments of
the length separately. |

Divide both sides of the equation by the given

load, and we get
31143
mn= ;
w
but m + n=1Ibythe nature ofthe question.
Hence, by the rule at Problem VII., we obtain
for the segments of the length, the following ex-

pressions, viz.

/1251
m=3{l+ 1¢_‘w },
andn:%;l_\/;:m"}; \

w

where m is the greater and » the lesser segment;
from which the following practical rule is derived. -
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Rule 36. Multiply 125 times the length of bear-
ing in feet, by the cube of the diameter in inches;
divide the product by the given load, and subtract
the quotient from ‘the square of the length; then,
to or from the length, add or subtract the square
root of the remainder, and half the sum, or half the
difference, will give the greater or lesser segment
accordingly. .

Ezample 26. A cylindrical beam of oak 7 inches
in diameter, and 20 feet in length, is found to sustain
a load of 3323 pounds, including the effect produced
by its own weight ; at what point of the length is
the load applied ?

Here, by the rule, we get
125 x 20 x 78
3323

then & (20+ v 144) =16, or4, the distances
from the points of support.

The poini just determined answers to the case,
when the proposed load includes the effect produced
by the weight of the beam ; but to find the point
where the beam will be able to sustain the proposed
load externally, together with the effect produced
by its own weight, we must recur to Equation (14),
where ‘

20°— =144;

mnw=d*(m+x){31d—"14mn}.
And the expressions fqr the segments of the length,

" "as determined from this equation, are . .+
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/. 1261d3
i+ -t l4ld9}

1251d3
| — 2 .
andn 1{! /l +14ld2 ;

from which the following practical rule is derived.

Rule 37. Multiply the length of bearing in feet,
by the cube of the diameter in inches, and again
by .the constant number 125; divide the product
by the given load, increased by ‘14 times the length
of bearing drawn into the square of the diameter,
and subtract the quotient from the square of the
length ; then, to or from the length, add or subtract
the square root of the remainder, and half the sum,
or half the difference, will give the greater or lesser
segment accordingly.

Taking the data of the preceding example, we get

125 x20x 73 _1p.
L{2Oi\/202 3323+014x20x72}—16 16

and 3-84 feet, the distances required.

In the case when the beam is supported hori-
zontally at the ends, and loaded uniformly over the
length, the equation that involves the conditions of
strength aud dimensions, is
‘ lw=250d>.

When the beam is fixed at one end and loaded at
the other, the equation is

lw=314d*;
and when fixed at one end, and loaded umformly
over the length, it is '

m=

o)
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lw=62d?
Hence it appears, that if 250, 31, and 62 be sub-

stituted for 125 in Rules 30, 31, and 32, the same
rules will apply to the cases above specified without
further alteration.

Of hollow cylindrical or tubular beams. ‘
Cylindrical beams are sometimes made hollow,
in which case they are both stronger and stiffer
than solid beams containing the same quantity of
material ; the expense of boring, however, renders
the use of hollow beams less extensive than it other-
" wise would be; but whenever it is desirable to
combine strength and lightness, the tubular form
should be resorted to. \ .

Let d be the greater diameter of the tube, and D
the lesser diameter, or the diameter of the hollow
part: then it is evident, that the strength of the -
tube, or the strength’ of the fistular column, must
be equal to the difference of the strengths of two
cylinders, having the diameters d and D. - Now, the
strength of a cylinder having the diameter d, is as
1254°, and the strength of another cylinder having
-the diameter D, is as 125 D?, (See. Equation 11);
therefore, the strength of the tube must be as the
difference of these two; that is, as 125 (@°—D°);

but d:D ::125D° :'125‘11}t

creased resistancé of the inner fibres in the tubular
form ; therefore, when the beam is supported hori-

, allowing for the in-
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zontally at the ends, and loaded in the middle, the
equation which involves the conditions of strength
and magnitude, becomes

o D4
lw=125d°(1-2,). (15)

And the several combinations of data, or cases of
analysis, are as under, viz.
1. Givend, D and /; to find w.
2. Given d, / and w; to find D.
3. Given D, /and w; to find d.
And from these cases we deduce the following
problems.

ProsrLem XXI. In the eguatiod {w=1254°(1 —‘%);
there are given the diameters d and D, and the
length of bearing I; to find the load w.
Let both sides of the equation be divided by /,
and we get ' '
125d3(1—2,
E—T"
from which the following practical rule is derived.
Rule 38. Divide the lesser diameter by the
greater, and from unity subtract the fourth power
of the quotient ; then multiply the remainder by 126
times the cube of the greater diameter, and divide
the product by the length of bearing, for the load
required.
. Ezample 27. A cylindrical tube, or hollow beam
-of oak, has its greater diameter 8 inches, its lesser
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diameter 5 inches, and the length of bearing 18 feet ;
how much will it bear at the middle of its length,
including its own weight, while the elastic force
remains perfect ?

Here by the rule, we get

125 x 83(1—-625%) _
is =

. 3013 pounds, the
load required. -

We have hitherto shewn in what manner the
~ weight of the beam itself is to be estimated, and its
effect on the strain allowed for; but in the present
instance, on account of the complex fraction that
occurs in the equation, it will be better to pass over
the effect produced by the weight of the beam, as
some of the results would be very complicated; and
enough has been done in that way to enable the
attentive reader to estimate the effect in- any case
that may occur in the course of his practice; we
therefore pass on to

ProBrEM XXII. In the equation lw= l25d’(l —EDT‘) ,
there are given the greater diameter d, the length
of bearing 1, and the load w; to find D the lesser

diameter.

" Here, by transposing, and performing the proper
reductions, we get

De=d{ -z

and by extracting the fourth root of both sides, it
becomes’
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4
p=_a{e-2};

from which the following practical rule is derived :

Rule 39. Multiply the given length of bearing by
the load in pounds, and divide the product by 125;
subtract the quatient from the cube of the greater
diameter, then niultiply the remainder by the said
diameter, and the fourth root of the product will
give the diameter sought. :

Ezample 28. A cylindrical tube, or hollow beam
of oak, has its greater diameter 8 inches, the length
of bearing, or distance between the supports, 18
feet, and it is found, while the elastic force remains
perfect, to support 3013 pounds at the middle of its
length ; what is the lesser diameter, or the diameter
of the hollow part ?

Here, by the rule, we get

\/8{8’— 19x 3931 =5 inches, the

125
diameter required.

ProsrLem XXIII. In the equation lw= l25d’(l -%),

there are given, the lesser diameter D, the length of
bearing 1, and the load w; to find d, the greater
diameter.

Here, by trausposition and reduction, we’get

lw
@ — 2d=D*".

.. Now, it is evident, that in ’this' case the diameter
cannot be determined, but by the reduction of an
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adfected biquadratic equation; and consequently a
rule in words at length would be unintelligible to
any but algebraists, for which reason we omit it,
and refer our readers, as on a former occasion, to
Nicholson’s, or Bonnycastle’s Algebra, where the
rules of reduction are exemplified.

If we substitute the numbers of the 28th example
in the above equation, it becomes

© d'—433-875d=625.

In which the value -of d is 8 inches, the diameter
required. , A

When the beam is supported horizontally at the ends,
and loaded at some intermediate point, the principle
employed in deriving Equation (5), of the rectan-
gular beam, gives

mnw=311(1-27).  (16)

And the several combinations of data, or cases of
the analysis, are as under, viz..

1. Given d, D, m and », to find w ;

2. Given d, w, m and 7, to find D;

3. Given D, w, m and n, to find d;

4. Given D, / and w, to find m and 7.
And from these arise the following problems.
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PROBLLM XXIV. 1In the equation mnw = 311d‘
) there are given the diameters d and D, tlze

Iength of bearing I, and m, n, the segments of the
length ; to find w, the load that the beam will sustain.

Divide both sides of the equation by mmn, the
rectangle of the given segments, and we get

3113121
WE—————
from which the following-practicalvrule is derived -
Rule 40. Divide the lesser diameter by the
greater, and 'from unity subtract the fourth power
of the quotient ; then, multiply the remainder by 31
times the length of béaring, drawn into the cube of
the exterior diameter, and divide the product by the
rectangle of theASegme‘nts of the length of bearing,
-and the quotient will give the load that the beam
will sustain at the point of section, including its
- own weight, .
 Ezample 29. A cylmdrncal tube, or hollow beam
of oak, has its exterior diameter 8 inches, the interior
diameter 5 inches, and the length of bearing, or the
distance between the supports, 18 feet; what load
will it sustain at a point 12 feet from one support,
and 6 feet from the other?

Here, by the rule, we get

31x 18 x 83(1—-625%) _
12x6

= 3362 pounds, the

load required.
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ProsLeM XXV. In the equation mnw=31ld*
(1 —7;), there are given, the diameter d, the

segments of the length m, n, and the load w; to
Jind the diameter D. -

Here, by transposition and reduction, we have

D'=d{ -7}

and by extracting the fourth root of both sides, it

" becomes

D=/ =7 |

from which the following practical rule is derived :
Rule 41. Multiply the rectangle of the segments
of the length by the given load, and divide the pro-

duct by 31 times the length or sum of the segments; '

subtract the quotient from the cube of the given
diameter, and multiply the remainder by the said
diameter ; then, the fourth root of the product will
give the diameter required.

Ezxample 30. A cylindrical tube, or hollow beam
of oak, whose greater diameter is 8 inches, and length
of bearing, or distance between the supports, 18 feet,
is found to sustain a load of 3362 pounds, including
its own weight, applied at a point 12 feet from one
support, and 6 feet from the other; what is the lesser
diameter, the elastic force remaining perfect?

Here, by the rule, we get

\/8 83 .12XGX3362} 5 inches, the

diameter required.
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ProBrEM XXVI. In the equation mnw = 31l/d*
(l _Tl;)’ there are given, the diameter D, the

segments of the length m, n, and the load w; to
JSind the diameter d.

By transposition and reduction, our equation
becomes

manw
d*— 31 =7 4=D*;

and by substituting the numbers in the preceding
example, we get

d*—433'875d=625,
which being reduced by the rules for biquadratic
equations, gives d=8 inches, the diameter required.

PROBLEM XXVIIL. In the equation mnw=31ld*

( 1—-— ) there are given, the diameters d and D,
the length !, and the load w; to find m and n, the
segments of the length separately.

Here, by transposition and reduction, according
" to the rule at Problem VII. we find the expressions
for the segments m and n, to be respectively as

below, viz.
l+/l" 1251(.14 D*)},

and n=] {1_/z= __125'<d*—v*>} :

from which expressions the following practical rule

is derived : ]
Rule 42. From the fourth power of the greater

diameter, subtract the fourth power. of the lesser;
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multiply the remainder by 125 times the length

of bearing, and divide the product by the greater
diameter drawn into the given load, and subtract
the quotient from the square of the given length ;
then, to or from the length, add or subtract the

square root of the remainder, and half the sum, or

half the difference, will be the greater or lesser
segment accordingly. B

Ezample 31. A cylindrical tube, or hollow beam
of oak, whose greater diameter is 8 inches, lesser
diameter 5 inches, and length of bearing, or distance
between the supports, 18 feet, is found to sustain a
load of 3362 pounds, including its own weight and

the elastic force remaining perfect; at what point of '

the length is the load applied ?
~ Here, by the rule, we get

125X 18(8*—5%) | _ |
lei\/lsg T 8x3362 }—12 or

6 feet, the dxstances' from the supports required.
When the beam is supported horizontally at the

ends, and loaded uniformly over the length, the

equation that involves the conditions of strength

and magmtude, is

tw=250a°(1-27).
But when the beam is fixed at one end and loaded
at the other, the equation becomes

1w=31a°(1-2;).
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. And when it is fixed at one end and loaded uni-
formly over the length, we get
tw=62a°(1-27).

What has hitherto been done applies only to oak
timber; but we may here remark, that whatever
may be the species of the material, formule of the
same form and composition will apply to it, if placed
under the same conditions as those which we have
considered for oak, the only variation being in the
constant numbers or co-efficients, which must o
course vary according to the cohesive force and
extensibility of the material under consideration.
Now, since the formula undergo no change but in
the constant numbers, it is also evident, that the
rules derived from them will be the same as those
which we have applied to oak, if the respective
number for each material be substituted in the rules
according to the case in question. ‘

The following tables contain the formule with
their appropriate constants, for several kinds of
wood, corresponding to the several cases of the
forms of beams which we have investigated ; and
from the simple nature of the arrangement, it is
presumed, that to practical persons they will be
found of considerable utility.
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The cases, as numbered at the top of the columns,
correspond to the five cases of the strain mentioned
in a former part of the work, and which, for the
sake of clearness and convenience, we here repeat.

1. When the beam is supported horizontally at the
£nds, and loaded in the middle.

. 2, When the beam is supported horizontally at the
ends, and loaded at some intermediate point.

3. When the beam is supported horizontally at the
ends, and loaded uniformly over the length.

4. When the beam projects horizontally - from a
wall, into which one end is fived, and a load applied at
the other end.

5. When the beam projects horizontally from a
wall, into which one end is Sfixed, and loaded uniformly
‘over the length.

If the method of calculating these several cases
be thoroughly considered, it will be found sufficient
for all practical purposes, as every variety that
can occur must be an application of one or other
of them. - : ,

~ The following general rule will serve for the re-
duction of the formule.

GENERAL RULE. (43)°
Substitute the given dimensions of the beam, and
their powers, together with the load to be sustained, for
the representatives of each in the respective equations,
and another equation will arise, involving only ome
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unknown term, which must be disengaged by multipli-
cation, division, or the extraction of roots, according
40 the nature of its involution.

Exrample 32. A cylindrical beam of beech timber
10 feet in length between the supports, is found to
sustain a load of 5640 pounds at the middle of its
length including its own weight; what is its dia-
meter, admitting the strain-to be within the elastic
force of beech ? '

Here the beam is cylindrical and loaded in the
middle ; this agrees with the first case of the fourth
table, where the formula for beech is

lw=75d

Let the given length of bearing and the load
be substituted for / and w in this equation, and it
becomes

. 75 d°=56400;

let each side be divided by 75, the member with
which the required diameter is combined, and we get

56400 ‘
d3 —_ —_75— - 752.

Here, then, we have got the required term to
occupy individually one side of the equation, and
its cube or third power is known, it being equal to
752 ; consequently, the diameter itself will become
known by .extracting the cube root; now, the cube
root of 752 is 9:094 ; therefore, the beam is 9:094
inches in diameter.
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‘And exactly affer the same manner may any
other case be resolved.

STIFFNESS OF TIMBER. :

The formule that have hitherto baen investi-
gated, and the practical rules deduced from them,
are applicable only to the consideration of strength,
or when the flexure produced by the load is as great
as it-can be, without destroying a part of the elastic
force ; but, since in carpentry and other departments
of practical science, the comparative stiffness is of
greater importance than the comparative strength,
we shall, in-what-follows, endeavour to investigate
rules for calculating the "ditnensions of beams, to
bear a given load with a given ‘degree of deflexion.
~ Now, the principle of deflexion is, that in all
similar beams placed under the same .cenditions,
and subjected to a similar strain, whatever may be
the form of the Beam; the square of the length- in feet,
divided by the depth in inches, drawn into the deﬂe.mon
is @ constant quantity.

Therefore, if the deﬂexion for a beam of given
dimensions, and anyhow circumstanced, be accu-
rately determined from experiment, the deflexion
for a similar beam of any other dimensions and
similarly circumstanced, can easily be calculated.

Now, in the experiment that we have chosen as
our standard, the deflexion in the middle of the bar,
produced by a load of 425 pounds, was 0112 inches;
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when the bar was just able to recover itself on the
removal of the straining force; therefore, from the
above principle, we have the following equations
for the deflexion in the several cases of the strain,
for the different forms of beams.

1. When the beam is supported horizontally at the
ends, and loaded in the middle,

dd="056 /%

2. When the beam is supported horizontally at the
ends, and loaded at some intermediate point,

dd¥="224 mn.

3. When the beam is supported horizontally at the
ends, and loaded uniformly over the length,

dd=-07 I*.

. 4. When the beam projects horizontally from a
wall, into which one end is fived, and a load applied
at the other,

: dd=-224 1"

5. When the beam projects horizontally from a
wall, into which one end is fived, and loaded uniformly
over the length,

ds="281". )

. The preceding equations apply to oak beams of
any form of section, provided they are uniform
throughout the length; it only now remains to adapt
them to the different kinds of wood specified in the
foregoing tables of formule ; and this is effected by
merely multiplying the constant of each case by
the fraction, which expresses the' comparative ex-
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tensibility of the several woods, that of oak being
unity. ‘

The following table exhibits the comparative
extensibilities, computed by the third principle of
comparison mentioned at the outset of the work.

TABLE VII.
Table of the comparative extensibility of woods,
that of oak being unity.
13
. . n
3
Beech ......cocviveiiennnnns vy
29
Elm «ooeeeeeninieieiennnasens -gi
. 13
Fir,redor yellow ............ 1
Firywhite ...ccoveveiennanns %
Oak, English .......ccccuu... 1
. . 29
Pzne, American .........cn... T

And from the numbers in the above table, the
formulee in that which follows are derived.
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Where we have to observe, that in each of the

hes.

xion in inc

above formule, 3 is the defle

The rule for calculating the deflexion of beams

the several cases, may be expressed in the fol-

mn

lowing general terms.
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Rule 44. Multiply the square of the length, or
the rectangle of the segments at the point of strain,
in feet, by the constant number for the particular
case, and divide the product' by the depth of the
beam-in inches, for the deflexion sought.

Example 33. The depth of a beech plank is 16
inches, and its length 24 feet; what is'the deflexion
when’ strained to the extent of its elastic force,
supposing the load to be applied at a point 18 feet
from one support, and 6 feet from the other ?’

- . The fermule far the second case of beech is
dd="168 mn. (Sée Tab. VIIL)
Now, m=18 feet, n—=6 feet, and d=16 inches;
henoe, by substxtutxon, we get
-166="168x 18x6;
that is 8=1" 134, mches, the deflexion
required. -

..Example 34. A square beam of whlte ﬁr, whose
mde- is 8 inches, and length of bearing 18 feet, is
loaded uniformly over.the length, and strained to:
the extent of its elastic forte ; what is the deflexion ?

The formula for the third case of white fir is

dd="061".  (Sée Tab. VIIL.)
Now, d=8 mches, and /=18 feet ; hence, by
) substltutlon, we get
. 83="06 x 18%;
that.is =243 mches, the deﬂexnon ‘
required. ’ -
A cylindrical beam of 8 inches dlameter, would
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be deflected to the same extent, and the same rode
of calculation applies to the tubular and other forms.

The deflexions calculated above are those due
to the load, when it is the greatest that the beam
will bear, without destroying a part of the elastic
force; but in practice, when the mechanic is desirous
of obtaining uniformity and stiffness to his work, it
becomes necessary to limit the deflexion; and it is
obvious that this can only be done by increasing the
dimensions of the body strained, for in every case
it is not possible to diminish the effects or mag-
nitude of the straining. force.

- Now, the writers on the resistance of solids have
shewn, that within certain limits, the deflexion is
directly proportional to the strain that produces it,
and the deflexions in the foregoing table are those
that indicate the extreme limit, being produced by
the greatest load that the beams can sustain with-
out injury ; taking, therefore, the formulee that apply
to English oak, that being the material which we
have chosen as a standard, we shall have, from the

first case of Tables I. and VIII.,
05612 212bds o 212bd*D
d "1 Tt T0s6

that will produce the deflexion D, thai;.bei'ng. ‘the.
deflexion beyond which the beam is not to be
strained ; therefore,

= tl_le load

1. When the beam is rectangular, supported hori-
zontally at the ends, and loaded in the middle,
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Pw=3786b64d°D. 17)

Here, then, as in the case of strength, we shall
consider-the length of bearing always as known, and
in addition, we shall assume the load to be borne
and the deflexion to be resisted also as given, for in
practice this will almost always be the case; the
analysis of Equation 17 will therefore divide itself
into two parts, as follows:

1. Given d, D, /and w; to find b.

2. Given 4, D, l and w; to find d.
And from these cases we derive the following Pro-
blems.

ProsrEM XXVIIL. In the equation I*w=378654°D,

. there are given, the depth d, the deflexion D, the

length of bearing I, and the load w; to find the
breadth b.

« . Let both sides of the equation be divided by
37864°D, and we get
b=

3w

37864°D
“from which expression the following practlcal rule
is derived.

Rule 45. Multiply the given load by-the cube,
“or third power of the length, and divide the product
by 3786 times the deflexion, drawn into the cube of
the depth in inches, and. the quotient will be the
breadth required.

Ezumple 35. What must be the breadth of a
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rectangular beam of oak, so that it shall no; be de-
flected more than § of an inch, by a load of 6632
pounds applied at the middle of its length, the
depth being 12 inches, and the length of bearing
18 feet ?

Here, by the rule, we get

18" x 6632
3786 x 12°x ‘75
breadth required.

=7'883 inches, the

Prosrem XXIX. In the equation I*w=3786bd°D,
there are given, the breadth b, the deflexion D,
the length of bearing 1, and the load w; to find
the depth d.

Divide both sides of the equation by '3786bD,
and we get ,
Pw

3 .
&= 378646D°

and this, by extracting the cube root, becomes, for,

the depth
d= 371866 D’
from: which the following practical rule is derived.
Rule 46. Multiply the given load by the cube;
or third power of the length, apd divide the product
by 3786 times the breadth drawn intp the deflexion;
then, the cube root of the quotient will give the
depth in inches. i
Example 36. What must be the depth of a rect-
angular beam of oak, that will not be deflected more
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than 4 of an inch, by a load of 6632 pounds applied
at.the middle of its length, the breadth being 7-883
inches, and the length 18 feet? '
Here, by the rule, we get
o smeraasm= 12 inches,
the depth required.
From the second case of Tables I. and VIII. we

have for English oak

224mn 531bd? 5316d°D
———d — '_mn e o D . .224mgnz— the load

that will produce the deflexion D ; hence we have

2. When the beam is rectangular, supported hori-
zontally at the ends, and loaded at some intermediate
point,

m*n*w=2371bd*D. (18)
In which expression the cases of anéﬂysis are as
under. '
1. Given d, D, I, m,n and w; to find &,
2. Given 4, D, /; m, n and w; to find d.
From these we derive the following problems.

ProsLEM XXX. Inthe equation m*n*w =2371bd*D,
there are given, the depth d, the deflexion D, the
length of bearing 1, the segments of the length m, n
and the load w ;-to find the breadtb b.

Divide both sides of the equation by 237!4d°D,
and the expression for the breadth becomes,

- minfw
=72371a°D’ ,
from which the following practical rule is derived.
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Rule 47. Multiply the given load by the square
of the rectangle of the segments of the length, and
divide the product by 237 times the given length,
multiplied by the cube of the depth drawn into the
deflexion, and the quotient will be the" breadth
required.

Example 37. The depth of a réctangular beam of
oak is 12 inches, and its length 18 feet; what must
be its breadth, so that it shall not be deflected more
than £ of an inch, by a load of 6640 pounds, applied
at a point 12 feet from one support, and 6 feet from
the other?

Here, by the rule, we get

(12 x 6)2 x 6640
237x18x12°x°75

breadth required.

= 6} inches nearly, the

Pnom.r:ivr XXXI. In the equation m*n*w=2371bd*D,
there are given, the breadth b, the deflexion D, the
length of bearing 1, the segments of the length m,n
and the load w; to find the depth d.

Let both sides of the equation be divided by
23716D, and we obtain

d’= m2niw
— 23716D°

which, by extracting the cube root of both sides,

_ s/ m*ntw
d= 23716D °

from which we derive the following practical rule.

becomes
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Rule 48. Multiply the given load by the square
of the rectangle of the segments of the length, and
divide the product by 237 times the length multi-
plied by the breadth and deflexion; then, the cube
root of the quotient will be the depth required.

Example 38. The breadth of a' rectangular beam
of oak is 61 inches, and its length 18 feet; what
must be its depth, so that it shall not be deflected
more than § of an inch, by a load of 6640 pdunds
applied 12 feet from one support, and 6 feet from
the other? '

Here, by the rule, we get

s (12x6)2x6640 _ ., .
\/ 237X 18625 %75 — 12 inches nearly,

the depth required. 7
~ From the third case of Tables I. and VIII. we
have for English oak,

-0719_425bd2._D 425bd°D
A e 7

that will produce the deflexion D ; hence we have

=the load

3. When the beam is rectangular, supported hori-
2ontally at the ends, and loaded ungforml_y over the

length,
PBPw=6071b64°D.
From the fourth case of Tables I. and VIII. we

have for English oak,

22412 53bd2 53bd'D_
—T.—I--..D.W-—th load

that will produce the deflexion D ; hence we have
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4. When the beam is rectangulag'; Jived at one end,
and loaded at the other,
Pw=237bd°D.
From the fifth case of Tables I. and VIII. we

have for English oak

-281¢ 106bd* 10656d*D
T.—T—-—..D. ——.2—87—_.theload

that will produce the deflexion D ; hence we have

5. When the beam is rectangular, fived at one end,

and loaded uniformly over the length,
Pw=379b4d*D.

Hence it appears, that by substituting the con-
stant numbers 6071, 237, and 379 respectively, for
3786 in Rules 45 and 46, the same rules apply to
the determination of the breadth and depth in each
- of the three foregoing cases; and when 4 becomes
equal to d, or the beam is a square, b4* becomes 4*,
or putting s for the side of the square, we have
s*=d*; let s* therefore, be substituted for 4d® in
each of the foregoing cases, and the corresponding
expressions for a square beam, when the strain is
parallel to the side, will be as follows, viz.

1. Pw=3786s'D.

2. m*rfw= 2371s*D.

3. Pw=6071s*D.  (19)
4. Pw= 237s*D.

5. Pw= 379s*D.

And when the strain is in the direction of the
vertical diagonal, the formule become
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1. PPw=2678s*D.

2. m*n*fw= 170/s*D.

3. Pw=4285s*D.  (20)

4, Pw= 170s*D.

5. [IPw= 268s*D.
From which we infer, that if the propér constants
be employed, the same rules will answer for the
several cases in both these classes of formule; we
shall therefore omit the rules here, and pass on to
the consideration of the cylindrical beam, where we
have, from the first case of Tables IV. and VIII.
for English oak

05612 125d3 D . 12644D

a - ] .. H -.—6'5—67;- = the load

that will produce the deflexion D ; hence we have

1. When the beam is cylindrical, supported hori-
zontally at the ends, and loaded in the middle.

Pw=22324*D.  (21) .
Which expression affords the following problem.

ProBrEM XXXII. In the equation I*w=2232d*D,
there are given, the deflexion D, the Iength i, and
the load w; to find the diameter d.

Let both sides of the equation be divided by
2232 D, and we obtain

d4

_ Bw
—2232D’
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and by extractmg the fourth root of both s1des, it
becomes

'd— . Tw -
- 2232D’

from which we derlve the following practlcal rule.

" Rule 49. Multiply the given load by the cube,
or third power of the length of bearing; divide the
product by 2232 times the deflexion, and extract the
fourth root of the quotient for the diameter required.v

Example 39. In a cylindrical column of oak,
there are given, the deflexion ‘6 inches, the length
of bearing 12 feet, and the load 3360 pounds; what
is the diameter ?

Here, by the rule, we get

. /12°x3360 __ . .
R 8:114 inches, for
the diameter required. '

From "the second case of Tables IV. and VIIL.

we have for English oak
224mn 311d* o 311d*D
d “mn "7 T T +224ment
that will produce the deflexion D; hence we have

= the load

2. When the beam is cylindrical, supported hori-
zontally at the ends, and loaded at some intermediate
point, ' ' -

min*w=1381d*D; (22)

from which arises the following problem.
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ProBrEM XXXIIL. I the equation m*n*w=13814*D,
there are given, the deflexion D, the length I, m and
n the segments of the length, and the load w; to
JSind the diameter. :

Let both sides of the equatlon be divided by
1381 D, and we have
d4

menw
1381D’

and by extracting the fourth root of both sides, it

Ln2
| =i
from which the following practical rule is derived.

Rule 50. Multiply the given load by the square
of the rectangle of the segménts of the length;
divide the product by 138 times the len‘gth:. drq.wn
into the deflexion, and the fourth root of the quo-
tient will be the diameter required.

Example 40. A cylindrical beam of oak, 14 feet
long, is deflected 0'8 of an inch, by a load of 4480
pounds, applied 9 feet from one support, and 5 feet
from the other ; what is its diameter?

becomes

" Here, by the rule, we get

(9% 5)2x4480 __ . .
Tosxiaes =766 mches,-fmi

the diameter required.
From the third case of Tables IV. and VIII.
we have, for English oak '
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071t 250d* o 250d4D
- d- " l ° . N 0712
that will produce the deflexien D; hence we have
‘3. When the beam is cylindrical, supported hori-
zontally at the ends, and loaded- uniformly over the

length,

= the load

Pw=3571d*D. N
From the fourth case of Tables IV. and VIII.

we have for English oak
22412 314 o 31d4D
d_ ‘TT Vo

will produce the deflexion D; hence we have
4. When the beam is tylindrical, fived at one end,
and loaded at the other.
Pw=1384d*D.
From the fifth case of Tables IV. and VIII. we

have for English oak
: ' 2812 62d°  p, 62d*D
d "1 TP

" will produce the deflexion D; hence we have

8. When the beam is cylindrical, fixed at one end
and loaded uniformly over the length,

o Pw=2214*D.

Therefore, if 3571, 138, and 221, be respectivgly
gubstituted for 2232 in Rule 49, the rule for the
diameter in the three preceding cases will otherwise
remain unchanged. A

The following are the formule for tubular beams,
~when the greater diameter i9 to the lesser in the

=the load that

= the load that
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The formule which we have just tabulated are
of the greatest utility in practical cases, and it is
presumed that the following general rule for their
reduction will be found sufficient.

A general rule for reducing the formule in Tables
IX. X. XI. XII. XIII. and XIV.

RuLk 51. Substitute the given quantities and their
powers for the representatives of each in the‘appropriate
Sormula, and an equation will arise involving only one
unknown term ; then, divide both sides of this new
-equation by the co-efficient of the unknown term, and
extract such a root of the quotient as is denoted by its
index, and the result will be the answer.

One example will suffice. :

Ezamplé 41. A square beam of ash, whose length
is 8 feet, is fixed in a wall at one end, and deflected
‘9 of an inch by a load of 928 pounds applied at the
other end; what is the side of the square, supposing
the direction of the straining force to be parallel
to the side ?

The formula for the fourth case of square beams,
corresponding to ash in Table X.,is

Pw=235s*D.
Now /=8 feet, w=928 pounds, and D="9 inches;
let these numbers be substituted for /, w and D,

and we get
211'554=275136;
that is, $*=1300-88,

_ or s =\/ 1300-88 = 6 inches,
the side of the square required.
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Thus much for beams strained transversely; and
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The two cases for which the formulee are given
in the foregoing table, are

Y. When the direction of the straining force coin-
~ cides with the axis of the beam.

2. When the direction of the straining force coin-
cides with the surface of the beam.

And it appears, that while the strain is within the
elastic power of the material, the strength to resist
compression or tension is directly as the area of
the cross section; therefore, if the area of the cross
section be multiplied by the cohesive force of the
substance, the-product will be the number of pounds
it will bear, when drawn or compressed in the direc-
tion of the axis, and in this maaner was the fore-
going table eomputed.

It only now remains to draw up an abstract of
the problems and rules which have been delivered,
in order to suit the convenience of those who are
unacquainted with the rules of Algebra.



AN ABSTRACT

OF THE

PROBLEMS AND RULES

DELIVERED IN THE FOREGOING PART OF THIS WORK. -

OF RECTANGULAR BEAMS.

ProBrLEM 1. In a rectangular beam of oak, supported
horizontally at the ends, and loaded in the middle
of its length; there are given, the breadth and
depth, both in inches, and the length of bearing,
or the distance between the supports in feet ; to find
what load the beam will sustain including its own ,

- weight, admitting its elastic force to remain un-
ynpaired.

Rule 1. Multiply 212 times the breadth in inches,
by the square of the depth in inches, and divide the
product by the length of bearing, or the distance
" between the supports in feet, for the load in pounds
that the beam will support at the middle of its
length. .

Nore. To this is added a subsidiary rule for
calculating the weight of the beam, as follows.

Multiply the solidity in cubic feet by 52, and
the product will be the weight in pounds, whatever
may be the form of the beam. '
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When the beam is of the same form as in the
last problem, and placed under like circumstances ;
to find what load it will sustain, excluding its own
weight, the elastic force remaining perfect.

Rule 2. From 212 times the depth of the beam
in inches, 'subtract 018 times the square of the
length, or distance between the supports in feet;
multiply the remainder by the breadth drawn into
the depth, both in inches, and divide the product
by the length of bearing for the load in pounds that
the beamn will sustain at the middle of its length,
excluding the effect produced by means of its own
weight.

ProsLEM 1. In a rectangular beam of oak, supported
horizontally at the ends, and loaded in the middle
of its length ; there are given, the depth in inches,
the length of bearing, or the distance between the
supports in feet, and the load which it sustains
including its own weight ; to find the breadth.

Rule 3. Multiply the length of bearing, or the
distance between the supports in feet, by the number
of pounds that the beam has to sustain, and divide
the product by 212 times the square of the depth
in inches, for the breadth required.

When the beam is of the same form, and placed
under like circumstances; to find the breadth such
as to allow for the effect produced by means of its
own weight. . '
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"Rule 4. Multiply the length of bearing, or the
distance between the supports in feet, by the load
to be sustained, and divide the product by 212 times
the square of the depth in: inches diminished. by .
0-18 times the depth drawn into the square of
the length and the quotient will be the breadth
required.

PROBLEM 1. In a rectangular beam of aak, sup‘-'
ported horizontally at the ends, and loaded in the
middle of its length ; there are given, the breadth of
the beam in inches, the ,lengtkA of bearing, or the

- distance between the supports in feet, and the load
which it sustains, including its own weight ; to find
the deptk

Rule 5. Multiply the length of bearmg, or dis-
tance between the supports in feet, by the load to
be sustained ; divide the product by 212 times the
breadth of the beam in inches, and extract the
square root of the quotient for the depth required.

- When the beam is of the same form, and placed

under like circumstances ; to find the depth such as

to allow for the effect produced by its own weight.

Rule 6. Divide 212 times the given load by the
breadth of the beam in inches; to the quotient
add the cube of the length of bearing in feet drawn
into the fraction 0081, and multiply the sum by

- the length then, to the square root of the pro-

duct add 0'09 times the square of the length of
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bearing, and divide the sum by 212, for the depth
required.

Again, when the beam is of the: same form, and
placed under like circumstances; to determine the
load that will produce fracture,

Rule 7. Multiply 714 times the breadth of the
beam in inches by the square of the depth in inches,
and divide the product by the length of bearing in
feet, for the load in pounds that will break the
beam, including the effect produced by means of
its own weight. Or thus,

Calculate the load that will destroy the elastic
force, by the first rule, and multiply that load by
336 for the load that will produce fracture.

‘When the beam is of the same form, but instead
of being placed horizontally, it is inclined to the
horizon at a given angle; to find how much it will
sustain including its own weight, the elastic force
remaining perfect. _

Rule 8. Multiply 212 times the breadth by the
square of the depth, both in inches, and divide the
product by the distance between the tops of the
supports in feet, drawn into the natural cosine of
the given inclination, for the number of pounds that
the beam will sustain.

Prosrem IV. In a rectangular beam of oak, sup-
ported horizontally at the ends, and loaded at some
intermediate point; there are given, the breadth
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and depth, both in inches, and the respective dis-

tances of the point where the force acts from each

support ; to find what load the beam will sustain at
that point, including its own weight, and the elastic

Jorce remaining pérfect. ‘

Rule 9. Multiply 53 times the breadth drawn
into the square of the depth, both in inches, by the
length of bearing in feet, and divide the product by
the rectangle of the segments, into which the length
is divided at the point where the load is applied,
and the quotient will be the number of pounds that
the beam will sustain at that point.

‘When the beam is of the same form, and placed
under the like circumstances; to find how much it
will bear, excluding its own weight.

" Rule 10. From 53 times the depth of the beam
in inches, subtract 0-18 times the rectangle of the
segments of the length of bearing, or distance be-
tween the supports in feet; multiply the remainder
successively by the breadth, depth, and length of
the beam, and divide the product by the rectangle
of the segments, for the load in pounds that the
beam will support.

ProereM V. In a rectangular beam of oak, sup-
poried horizontally at the ends, and loaded at some
intermediate point; there are given, the depth of
the beam in inches, the respective distances of the
load from each support, and the lead which the
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“ beam sustains, including its own weight; to find
the breadth.

Rule 11. Multiply the load to be supported in
pounds, by the rectangle of the segments of the
length of bearing in feet, and divide the product by
53 times the length or the sum of the ‘segments,
drawn into the square of the depth in inches, and
the quotient will be the breadth required.

_ When the beam is of the same form, and placed
under the same circumstances; to determine the
breadth such that the effect produced by the weight
of the beam itself ‘may be taken into the account.

. Rule 12. From 53 times the depth in inches,
subtract 0-18 -times the rectangle of the segments
of the Iength‘of bearing in feet; multiply the re-
mainder- by the sum of the segments drawn into
the depth in 'inches, and reserve the product for a
divisor.

Multiply the given load by the rectangle of the
segments of the length, then divide the product by the
reserved divisor, and the quotient will be the breadth
required.

. ProBLEM V1. In a rectangular beam of oak, -sup-

ported horizontally at the ends, and loaded at some
intermediate point ; there are given, the breadth of
the beam in inches, the respective distances.qf the
load from each -shpport, and the load which .the

- beam sustains at_that point, including its own
weight ; to find the depth.
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"Rule 13. Multiply the given load by the rec-
tangle of the segments of the length of bearing ;
divide the product by 53 timeés the sum of the
segments, drawn into the breadth in inches; then,
the square root of the quotient will give the depth
required.

When the beam is of the same form, and placed
under the same circumstances; to determine the
depth such, that the effect produced by the Welght
of the beam may be taken into the account.

Rule 14. Divide 53 times the given load by the
breadth of the beam in inches, drawn into the length’
of bearing or the sum of the given segments; to the
quotient add the rectangle -of the segments, multi-
plied by the fraction 0°0081 ; multiply the sum by
the .said rectangle, and extract the square root of
the product; to the square root just found, add the
rectangle of the segments of the length multiplied ‘
by the fraction 0°09, and divide the sum by 53 for
the required depth.

ProsrEM VIL. In a rectangular beam of oak, sup-
ported horizontally at the ends,-and loaded at some
intermediate point; there are given, the breadth.
and depth, both in-inches, the length of bearing, or
‘the distance between the supports in feet, and the

 load, including the weight of the beam ; to find the

- point, or the distance from each support where the
load 1s applied.
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Rule 15. Multiply 212 times the length of bearing
in feet, by the breadth drawn into the square of the
depth, both in inches; divide the product by the
given load, and subtract the quotient from the square
of the length; then, to or from the length, add or
subtract the square root of the remainder, and half
the sum, or half the difference, will give the greater
or lesser éegment accordingly.

When the beam is of the same form, and placed
under the same circumstances; to determine the
point where the load must be .applied, so that the
effect produced .by the weight of the beam may be
taken into account.

Rule 16. Multiply 212 times the length of bear-
ing, or distance between the sypports in feet, by
the breadth drawn into the square of the depth,
both in inches; divide the product by the load in
+ pounds, added to 0°18 times the continued product
of the breadth, depth, and length of bearing, and
subtract the quotient from the square of the length ;
then, to or from the length, add or subtract the
square root of the remainder, and half the sum, or
half the difference, will give the greater or lesser
segment accordingly.

Notk. It sometimes happens, that the load which
a.beam will suppert at the middle is given; to find
the point where it will support any greater load,
or any number of times the given load.” The two
following rules apply to this case.
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Rule 17. Divide the difference between the
greater and lesser load by the greater load ; then,
to or from unity, add or subtract the square roat of
the quotient, and multiply the sum or difference by
half the given length of bearing, for the greater or
lesser segment accordingly. :

Rule 18. Subtract unity from the number that
denotes how often the given load has to be increased,
. and divide the remainder by that number; then,
to or from unity, add or subtract the square root
of the quotient, .and multiply the -sum or remainder
by half the length of bearing, for the greater or
lesser segmient accordingly.

ProBrLEm VIII. In a uniform rectangular beam of
oak, supported horizontally at the ends; there are
- given, the breadth and depth, both in inches ; to
find the length such, that it will just break by
means of its own weight.

Rule 19. Multiply the square .of the given depth
by 63, and the product will be the length required.

ProsLEM IX. Given the length of a rectangular beam
of oak that will just break by means of its own
weight ; to determine the depth.

Rule 20. Divide the square of the given length
in feat by the constant number 3969, and the quo-
tient will be the depth requlred
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ProsreM X. Given the diameter of a cylindrical tree ;
to find the dimensions of the strongest rectangular
beam that can be cut out of it. '

Rule 21. Multiply the diameter of.the tree by
the natural sine and cosine of 35 degrees 16 minutes
separately, and the products will be the breadth
and depth respectively.

OF SQUARE BEAMS. -

ProsreM XI. In a square beam of oak, supported

" horizontally at the ends, and loaded in the middle,
there are given, the length of bearing in feet, and
the side of its cross section in inches; to find what
load it will bear, including its ‘own weight, the
elastic force remaining perfect.

'Rule 22. Divide 212 times the cube of the side
in inches, by the length of bearing, or distance
between the supports in Teet, and the quotient will
be the load required.

When the beam is of the same form, and placed
under like circumstances; to determine the load
‘that the beam will bear, excluding its own weight.

* Rule 23. From 212 times the side of the square
in inches, subtract 0°18 times the square of the
length in feet; multiply the remainder by the
square of the side, and divide the product by the
length of bearing for the load required.
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Prosrem XII. In a square beam of oak, supported
horizontally at the ends, and loaded in the middle,
there are given, the length of bearing, or distance
between the supports in feet, and the load which the
beam will bear, including its own weight; to JSind
the side of its cross section, the elastic force re-
maining perfect.

Rule 24. Divide the given load drawn into the
length of bearing, by 212, and the cube root of the’
quotient will be the side required.

ProsreM XIII. In a square beam of oak, supported
horizontally at the ends, and loaded at some inter-
mediate point, there are given, the side of the cross

" section in 'inches, and the respective distances of the
load from each support ; to find how much the beam
will bear, including its own weight, while the elastic

Jorce remains perfect.

Rule 25. Divide 53 times the side of the cross
section in inches, drawn into the sum of the distances
of the load from each support, by the rectangle of
the said distances, and the quotient will be the load
required.

When the beam is of the same form, and placed
under like circumstances; to determine the Joad
" that the beam will bear, excluding its own weight.

Rule 26. From 53 times the side of the cross
section in inches, subtract 0°18 times the rectangle

I
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‘of the distances of the load from each support;
multiply the remainder by the sum of the distances
drawn, into the square of the side of the cross
section, and divide the product by the rectangle of
the given distances, or segmeénts of the length, for
the load required.’

ProsrLEM XIV. In a square beam of oak, supported
horizontally at the ends, and loaded at some inter-
mediate point, there are given, the segments of the
length of bearing, or the distances of the load from
each support, and the load which the beam can
sustain, including its own weight ; to find the side
of its cross section.

. Rule 27. Multiply the rectangle of the segments,

or distances of the load from the supports, by the

given load ; divide the product by 53 times the sum
of the segments, and the cube root of the quotient
will be the side of the square required.

ProsrLem XV. In a square beam of oak, supported
horizontally at the ends, and loaded at some inter-
mediate point, there are given, the length of bearing,
or distance between the supports in feet, the side
Q/‘ti)e cross section in inches, and the load that the
beam will sustain, including its own weight ; to find

- the point where the load is applied, the elastic force
remaining perfect.

Rule 28. Multiply 212 times the length of bearing
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in feet, by the cube of the side in inches ; divide the
product by the given load, and subtract the quotient
from the square of the length ; then, to or from the
length, add or subtract the square root of the re-
mainder, and half the sum or half the difference will
give the greater or lesser segment accordingly.

When the beam is of the same form, and placed
under like circumstances ; to find the point where.
the load is applie& when the effect produced by the
weight of the beam is taken into the account.

Rule 29. Multiply 212 times the length of bearing
in feet, by the cube of the side in inches; divide
the product by the given load, added to 0-18 times
the length of bearing drawn into the square of the
side, and subtract the quotient from the square of
.the length; then, to or.from the length, add or
subtract the square root of the remainder, and half
the sum, or half the difference, will give the greater‘
or lesser segment accordingly.

OF CYLINDRICAL BEAMS. .

ProsrLeM XVI. In a cylindrical beam of oak, sup-
ported horizontally at the ends, and loaded in the
middle, there are given, the diameter in inches, and
the length of bearing in feet ; to find how much the
beam will bear, including its own weight, the elastic
JSorce remaining perfect.

Rule 30. Divide 125 times the cube of the dia-
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meter in inches by the length of bearing, of distance
between the supports in féét, and the quotient will

be the load that the beam will bear, including its

own weight.

When the beam is of thé same form, and placed
under like circumstances; to find the load that the
beam will bear, excluding its own weight.

Rule 31. From 125 times the diametér in inches,
subtract 0°14 times the square of the length in
feet ; multiply the remainder by the square of the
diameter, and divide the product by the length for
the load requifed.

ProBLem XVII. In a cylindrical beam of oak, sup-
" ported horizontally at the ends, and loaded in the
middle, there are given, the length of bearing, or
distance between the supports in feet, and the number
of pounds that the beam can sustain, including its
own weight ; to find the diameter of the beam, its
elastic force remaining perfect.
Rule 32. Multiply the length ef bearing by the
given load, and divide the cube root of the product
by 5, for the diameter required.

Prosreu XVIIL. In a cylindrical beam of oak, sup-
ported horizontally at the ends, and loaded at some

intermediate point, there are given, the diameter of
the beam in inches, and the segments of the length,
or the distances of the point where the load is applied
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Jrom each support; to find lzqzé much the beam will
sustain at that point, including its own weight, the
elastic forge remaining perfect.

" ‘Rule 38. Divide 31 times .the cube of the dia-
meter.in inches drawn into the sum of the segments
of the length, by the rectangle of the segments, and
the quotient will be the load required.

When the beam is of the same form, and placed
ynder like circumstances; to find the load that the
beam will bear, excluding its own weight.

Rule 34. From 31 times the diameter of the beam
in inches, subtract 0°14 times the rectangle of the
segments of the length; multiply the remainder by
the sym of the segments drawn into the square of

the diameter, and divide the product by the rectangle

of the given segments, for the load which the beam
will sustain.

PROBLEM XIX. In a cylindrical beam of oak, there
are given, the distances of the point where the. load
is_applied from each support, and the number of

pounds that the beam sustains, including its own

weight ; to find the diameter, the elastic force re-
maining perfect. -

. Rule 35. Multiply the rectangle of the given
distances of the load from the points of support, by
the load which the beam sustains ; divide the product
by 31 times the sum of the segments, and the cube

- root of the quotient will be the diameter required. -
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Prosrex XX. In a cylindrical beam of oak, sup-
ported horizontally at the ends, and loaded at some

intermediate point ; there are given, the diameter of

the beam in inches, the length of bearing in feet,
.and the load to be supported in pounds, including
its own weight ; to find the distance of the stramed
point from each support.

Rule 36. Multiply 125 times the length of bear-
ing in feet, by the cube of the diameter in inches;
divide the product by the given load, and subtract
the quotient from the square of the length; then,
to or from the length, add or subtract the square
root of the remainder, and half the sum, or half the
difference, will give the greater or lesser distance
accordingly.

When the beam is of the same form, and placed
under like circumstances, to find the - distances,
when the weight of the beam is not included in
the given load.

Rule 37. Multiply the length of bearing in feet
"by the cube of the diameter in inches, and again by
the constant number 125; divide the product by
the given load, increased by 0°14 times the length
of bearing drawn into the square of the diameter,
and subtract the quotient from the square of.the
length ; then, to or from the length, add or subtract
the square root of the remainder, and half the sum,
or half the difference, will give the greater or lesser
distance accordingly.

—————
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ProBLEM XXI. In a hollow, cylindrical, or tubular
beam of oak, supported horizontally at the ends, and
loaded at the middle of its lengtlz there are given,
the interior and exterior diameters of the tube, and
the length of bearing, or distance between the sup-
ports; to find how much it will bear, including its
own weight, supposing the elastic for'ce to remain
unimpaired. o |
Rule 38. Divide the lesser diameter by the

greater, and from unity subtract the fourth power

of the quotient ; then multiply the remainder by 125

times the cube of the greater diameter, and divide

the product by the length of bearing, for the load

in pounds that the beam will sustain. .

ProBrEM XXII. In a hollow cylindrical, or tubular
beam of oak, supported horizontally at the ends,

" and loaded at the middle of its length, there are
given, the exterior or greater diameter in inches,
the length of bearing, or distance between the sup-
ports in feet, and the number of pounds that the
beam can sustain, including its own wezght to find
the interior or lesser diameter. :

Rule 39. Multiply the length of bearing by the
load to be supported in pounds, and divide the
product by 125; then, subtract the quotient from the
cube of the given diameter, and multiply the said
diameter by the remainder ; then, the fourth root of
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the product being extracted will give the lesser
diameter required.

Prosrem XXIII. In a kollow cylindrical, or tubular
beam of oak, supported horizontally at the ends and
loaded at the middle ; there are given, the interior
or lesser diameter in inches, the length of bearing,
or distance between the supports in feet, and the
number of pounds that the beam can sustain, in-
cluding its own weight; to find the greater diameter.

We have stated that the rule for resolving this
problem depends on the solution of an equation
of the fourth degree, and therefore cannot easily be
expressed in ‘words. (See the solution of Problem
XXIII. page 66).

ProsLEM XXIV. In a hollow cylindrical, or tubular
beam of oak, supported horizontally at the ends and
loaded at some intermediate point, there are given,
the greater and lesser diameters, and the respective
distances from each support of the point where the
load is applied ; to find how much the beam will
dear, including its own weight, the elastic force
remaining perfect.

Rule 40. Divide the lesser diameter by the
greater, and from utity subtract the fourth power
of the quotient; then, multiply the remainder by
31 times the length of bearing drawn into the cube
of the ‘exterior diameter, and divide the product by
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the rectangle of the given distance, and the quotient
will give the load that the beam will support at the
point of section, including its own weight.

ProsrEM XXV. In a hollow cylindrical, or tubular
beam of oak, supported horizontally at the ends,
and loaded at some intermediate point, there are
given, the greater diameter, the distances of the load
Jrom each support, and the number of pounds that
the beam con sustain ; to find the lesser diameter.

Rule 41. Multiply the rectangle of the given
distances, or segments of the length, by the load to
be supported in pounds, and divide the product by
31 times the sum of the distances; subtract the
quotient from the cube of the given diameter, and
multiply the said diameter by the remainder ; then,
the fourth root of the product will give the diameter
required. '

ProBrLEM XXVI. In a hollow cylindrical, or tubular
beam of oak, supported horizomtally ot the -ends,
and loaded at some intermediate point, there are
given, the lesser diameler, the distances of the load
Jrom each support, and the magnitude of that load ;
to find the greater diameter. ;

‘We have already stated, that the rule for re-
golving this Problem depends on the solution of an
adfected :biquadratic equation. (Se¢ the solution of
Prob. XXVI).
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ProsrLEM XXVIIL. Ina hollow cylindrical, or tubular

beam of oak, there are given, the greater and lesser
diameters, the length of bearing, and the load to be
sustained ; to find the distances of the point where
the load is applied from the supports.

Rule 42. From the fourth power of the greater
diameter "subtract the fourth power of the lesser;
multiply the remainder by 125 times the length of
bearing, and divide the product by the greater dia-
meter drawn into the given load, and subtract the
quotient from the square of the length; then, to or
from the length, add or subtract the square root
of the remainder, and half the sum, or half the
difference, will give the greater or lesser distance
accordingly.

Note. The following is a general rule for re-
ducing the formulee in Tables I. II. III. IV, V. and
VI. when applied to calculate the strength and
magnitude of beams constructed of those timbers
specified in the margin.

Rule 43. Substitute the given dimensions of the
beam and their powers, together with the load to be
sustained, for the representatives of each in the
respective equation, and another equation will arise,
involving only one unknown term, which must be
disengaged by multiplication, division, or extraction
of roots, according to the nature. of its involution.
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GENERAL RULE FOR THE DEFLEXION.

Rule 44. Multiply the square of the length, or the
rectangle of the segments into which the length is
divided at the point of strain, by the constant num-
ber for the particular case, and divide the product
by the depth, or diameter of the beam in inches,
for the deflexion required.

ProsLEM XXVIIL. In a rectangular beam of oak,
supported horizontally at the ends, and loaded in
the middle, there are given, the depth of the beam
and the deflexion in inches, the length of bearing in
JSeet, and the load in pounds that produces the given
deflexion ; to find the breadth.

Rule 45. Multiply the given load by the cube, or
third power of the length, and divide the product by
3786 times the given deflexion drawn into the cube
of the depth in inches; then, the _product will be
the breadth required.

ProsrEM XXIX. In a rectangular beam of oak,
supported horizontally at the ends, and loaded in the
middle, there are given, the breadth of the beam
and the deflexion in inches, the length of bearing in
Jeet, and the load in pounds that produces the given
deflexion ; to find the depth. '

Rule. 46. Multiply the given load by the cube,
or third power of the length, and divide the product
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by 3786 times the breadth drawn into the deflexion ;
then, the cube root of the quotient will give the
depth required in inches.

ProBLEM XXX. In a rectangular beam of oak, sup-
ported horizontally at the ends, and loaded at some
intermediate point, there are given, the depth of
the beam and the deflexion in inckes, the distances
of the point where the load is applied from each
support, and the load in pounds that produces the
given deflexion ; to find the breadth.

Rule 47. ‘Multiply the given load by the square
of the rectangle of the segments of the length, and
divide the product by 236 times the sum of the
segments, multiplied by the cube of the depth
drawn into the given deflexion, and the quotient
will be the breadth required.

ProsrLEM XXXI. In a rectangular beam of oak, sup-
ported horizontally at the ends, and loaded at some
intermediate point, there are given, the breadth of
the beam and the deflexion in inches, the distances
of the point where the load is applied from each
support, and the load in pounds that produces the
given deflexion ; to find the depth. -

Rule 48. Multiply the given load by the square
of the rectangle of the segments of the length, and
divide the product by 236 times the sum of the
segments multiplied by the breadth and deflexion ;
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then, the cube root of the quotient will give the
depth required.

ProsLEM XXXII. Inn a cylindricat beam of oak, sup-
ported horizontally at the ends, and loaded at the
middle, there are given, the deflexion in inches,
the length of bearing in feet, and the load in
pounds ; to find the diameter.

Rule 49. Multiply the given load by the cube;
or third power of the length, and divide the product
by 2232 times the deflexion ; then, extraot the fourth
root of the quotient for the diameter required.

ProsrLEm XXXIII. In a cylz;ndrical -beam of oak,
supported horizontally at the ends, and loaded at
some intermediate peint, there are given, the de-
Slexion in inches, the distances of the load from
each support, and the load in pounds; to find the
diameter.

Rule 50. Multiply the given load by the square
of the rectangle of the given distances; divide the
product by 138 times the sum of the distances
drawn into the deflexion, and the fourth root of the
quotient will be the diameter required. '



TABLES

FOR ESTIMATING, BY INSPECTION,
THE

STRENGTH, MAGNITUDE, AND FLEXURE

OF

CAST IRON AND TIMBER BEAMS,

DESIGNED AS BEARERS AND SUPPORTS IN BUILDINGS
AND OTHER MECHANICAL CONSTRUCTIONS.

Tue following Tables have been computed from
formulee investigated by the late Mr. Tuos. TrED-
GoLD: they are intended to facilitate the process
of estimating the strength, magnitude, and deflexion
of cast iron and timber beams, when employed as
bearers or supports in buildings and other mecha-
nical constructions. They were originally computed
for the author’s own immediate use, and have been
employed by him for the above purpose several
years: the aid thus afforded is very great, and a
desire to promote, as far as lies in his power, the
interest of the mechanic and engineer, has induced
the author to revise his operations and submit them
to the public. The explanation and use of the
tables will appear from what follows.

TaBLE A exhibits the greatest weight that a
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beam of cast iron will bear in the middle of its
length, when it is just able to restore itself if the
load be removed ; if loaded beyond that point, its
elastic force is destroyed, and it takes a perma-
nent set. B

The numbers at the top of the columns denote
the depth of the beam in‘inches, and those in the
left-hand marginal column denote the length of
bearing, or distance between the supports in feet;
" the other columns contain the weight in tons that
the beam will bear with safety, the breadth being
one inch; consequently the numbers found-in the
table must always be multiplied by the given breadth,
to obtain the entire load.

TasLE B contains the deflexion in inches pro-
duced in the middle of the beam by the load in
Tahle A, the arguments being the same.- The black
lines that run across the pages, mark the point where
the depth has arrived at that proportion -of the
length, when the beam becomes too rigid for-beaﬁng
purposes, if exposed to any degree of impulsive force.

TasrLes C, D, and E contain data that are ex-
ceedingly useful on many occasions: they have been
compiled and arranged from Mr. Tredgold’s Alpha-
betical Table, given at the end of his valuable Essay
on Cast Iron. '

TaBLE F is useful for adapting the numbers in

"Table A to the several sorts of timber specified in .
the margin, the column marked & applies to the
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breadth of the beam, column d to the depth and
column s to the strength.

A few examples will render the use of the tables
manifest.

Ezample 1. A cast iron beam, 2 inches broad,
18 inches deep, and 42 feet long, is placed herizon-
tally on two supports exactly 40 feet asunder; how
much will it bear suspended from the middle of its
length, the elastic force remaining perfect ?

In Table A, under 18 inches at top, and opposite
40 feet in the left hand column, stands-3'07 tons:
this is the load that a beam one ineh broad of the
given dimensions will bear with safety; but the pro-
posed beam is two inches broad, and the strength'
increases directly as the breadth; therefore, 3:07 x 2
=614 tons, the entire load.

Example 2. A cast iron beam, 18 inches broad
and 40 feet between the supports, is found to
bear 6:14 tons at the middle of its length, while
the elastic force remains perfect; what is the
breadth ?

In TaBiLE A, under 18 inches at top and oppo-
site 40 feet in the left hand column, stands 3:07
tons for the load that a beam one inch broad will

bear ; therefore
614 . .
_ To7 = 2 inches, the required
breadth.
Example 3. A cast iron beam, 2 inches broad and

40 feet between the supports, is found to bear 6-14
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tons at the middle of its length, while the elastic
force remains perfect; what is the depth?

Divide 6°14 by 2, then opposite 40 feet in the
left-hand column look for the quotient 3:07 in the
body of the page, and above it, at the top of the
column, will be found 18 inches, the required depth.

So much then, for the application to cast iron;
we shall next proceed to shew how the numbers
are to be adapted to beams of timber.

Ezample 4. A beam of yellow fir, 5 inches broad,
22 inches deep and 38 feet long, is placed horizon-
tally on two supports exactly 36 feet asunder; how |
much will it bear at the middle of its length, the
elastic force remaining perfect?

In Table A, under 22 inches at the top of the
columns and opposite 36 feet in the margin, stands
51 tons for a beam one inch broad, and the strength
is directly as the breadth; therefore 51 x 6 =255
tons for the strength of a cast iron beam of the given
dimensions; but the proposed- beam is yellow fir,
therefore in Table C, opposite yellow fir, in the column
entitled comparative strength, or in Table F, in the
column marked s, we get 03 ; then, 25:5 x 0:3=765
tons for the load required.

Example 5. A beam of yellow fir, 22 inches deep
and 36 feet between the supports, is found to bear
7-65 tons at the middle of its length, while the
elastic force remains perfect; what is its breadth?

In Table A, under 22 inches at the top of the

K
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columns, and opposite 36 feet in the margin, stands
51 tons for the strength of a beam one inch broad ;
therefore, 7°65 <+ 5°1 = 1'5 inches for the breadth
of a cast iron beam of equal strength; then, in
Table F, opposite yellow fir in the column marked b,
we find 34; hence 1'5 x 3L =5 inches for the breadth
required.

Erample 6. A beam of yellow fir, 5 inches broad
and 36 feet between the supports, is found to bear
7:65 tons at the middle of its length, while the
elastic force remains perfect; what is its depth ?

Divide 7:65 by 5, then, in Table A, opposite 36
feet the given length, the nearest number to 1-53
is found under 12 inches at the top of the columns,
which is the depth of a cast iron beam of equal
strength ; then, in Table F, opposite yellow fir in
the column marked d, we have 1'825; therefore,
1-825 x 12 =219, or 22 inches nearly, for the
depth required. |

"And exactly after the same manner is Table B
to be applied for the deflexions. ’




TaBLE A.—The strength of cast tron beams —.sreadth one inch.

3 2

:{i Depth in inches. w =%.

g o

E 1 2 3 4 5 6 7 819
W | Tons | Tons | Tons | Tons | Tons | Tons | Tons | Tons | Tons
71| 0-38 | 1'61| 3-41| 6:07 | 9-48[13-6618-59 24'28 30-74
oI"5To] 076 | 1:70| 3-03| 4-74| 6:83| 929 12:14'15:37
3ll 0-13(050| 1'13 | 2:02| 3:16| 455 6:19| 8:09:10-25
4l 0-00| 0-38| 085 |_1-51 | 2:37| 341 4:64| 6:07 | 7-68
5| 0-07| 0-30| 0-68| 1-21 1-89| 2:73| 3-71| 4'85]| 6'14
6| 0-05| 0-25| 0-57| 1-01| 158 2:27| 3:10| 404 512
7l 0-05| 0-22| 0-49| 0-86] 1-35| 1:95 | 2-65 | 347 | 4-39
8l 0-04| 0-18| 0-42| 0-76| 1-18| 1-70| 2:32|°3:03 | 3-84
oll 0-04| 017 0-38| 0:67 1-05| 1-51 | 2:06| 2:69 | 3-41
10| 0 03| 0:15] 0-34| 0:61| 095} 1-36| 1-85| 2-42| 3-07
11l 0-03 0-14] 0-31] 0-55| 0-86| 1-24{ 1-69| 2-20| 279}
12| 0-03| 0-13| 0-28| 0-50| 0-79| 1-13| 1-55| 2-02| 2-56
13! 0-03| 0-12| 026 0-46| 0-73| 1-05| 1-43! 1-86| 2-36
14! 0-03| 0:11| 0-24| 0-43| 0-68| 0-97| 1-32| 1-73| 2-19
15| 0-02{ 0:10| 0-23| 0-40| 0-63| 0-91| 1-24| 162 | 2-05
16/ 0-021 0-09| 0-21| 0-38| 0-59| 0-85| 1-16| 1-51| 192
171 0-02| 0:09| 0-20| 0-36| 0-55| 0-80| 1-09| 1-42]| 1:81
18!| 0-02| 0-08| 0-19| 0-33| 0-53| 0-75| 1-03| 1-35{ 1-71
19!| 0-02| 0-08| 0-18] 0-32| 0:50| 0-72| 0-98| 1-27| 1-62
20/ 0-02| 0-07| 0:17| 0-30| 0-47 | 0-68| 0:93| 1-21| 1-54
21/l 0-02| 0:07| 0-16| 0-29| 0°45| 0-65| 0-88| 1-15| 1:46
29| 0-02 | 0°07| 0-15| 0-27| 0-43| 0-62| 0-84| 1-10| 1-39
23|l 0-01| 0°06| 0-15| 0-26| 0-41| 0-59| 0-81| 1-05| 1-33
24 0:06| 0-14| 0-25| 0°39| 0-57| 0-77| 101 1-28
25 0:06| 0-14| 0-24| 0-38| 0-54| 0-74! 0-97| 1-23
26 0-06| 013| 0-23| 0-36| 0-52| 0-71| 0-93| 118
971l 0-05| 0:12] 0-22| 0:35| 0-:50| 0:69| 0:90| 1-14
28 0-05! 0:12| 0-21! 0-34| 0-49| 0-66| 0-86| 1-09
29 0:05| 0-11| 0-21| 0-33| 0-47| 0-64| 0-84| 1-06
30 0:05{ 0-11| 0-20| 0-31| 0-45| 0-62| 0-81] 1 02
31 0:05| 0-11| 0-19| 0-30| 0-44| 0:60| 0-78| 0-99
32 0-05| 0-10| 0-19| 0-29| 0-43| 0-58| 0-76| 0-96
33 0-10| 0-18| 0-29] 0-411 0-56| 0-73| 0-93
34 0-10| 0-18| 0-28| 0-40| 0-55| 0-71| 0-90
35 0:10| 0-17| 0-27| 0-39 0-:53| 0-69| 0-88
36l 0-09| 0-17| 0-26| 0-38( 0-51| 0-67| 0-85
37 0:09| 0-16| 0-25| 0-37| 0-50| 0'65| 0-83
38 0-09| 0-16| 025| 0-36| 0-49| 0-64| 0-81
39 0-08| 0-15] 0-24| 0-35] 0-48| 0:62| 0-79
40 0-08| 0-15| 0'24| 0:34| 0-46| 0-60| 0-77
41 . 015] 0-23] 0-33| 045| 0-59| 0:75
49 0-14| 0-22| 0-:32| 0-44| 0-58| 0-73
43 0-14| 0-22| 0-32| 0-43| 0-56| 0-71
44 0-14| 0-21| 0-31| 0-42| 0-55| 0-69
45 0-13| 0-21| 0-30| 0-41| 6:54| 068
46 0-13] 0-20| 0-29| 0-40| 0-53| 066
47 0-20| 0:29( 0:39| 0-51| 0-65
48 0-19| 0-28| 0:39| 0-50| 0-64
49 0:19| 0-28| 0-38| 0-49 0-63] .
50 0-19] 0-27} 0:37| 0-48| 0-61




TaBLE A.— The strength of castiron beams—Breadth one inch.

—_850b4”
W= g5101°
10 | 11 12 | 13 14 15 16 | 17 18

Tons | Tons | Tons | Tons | Tons | Tons | Tons | Tons Tons

37-95 [45-91 |54-64 |64-13 74-38 |85-38 [97-14 [109-67 |122-04
18:97 |22-96 [27-32 (3207 :37-19 [42-69 |48-57 | 54-83 | 61:47
12:65 |15:31 |18-22 |21-37 '24-79 (2846 |32-38 | 36-55| 4098
9-49(11-48(13-6616:03|18:59(21:34 [24:29 | 27-42| 30-73
7-59| 9-18(10-93(12-83 14-87 |17-07 [19-48 | 21-93| 24-59
6:32| 7:65| 9'1110-68,12:39(14-23 11619 | 18-28| 20-49
5-42| 6:56| 7-81| 9:1610-62|12-20{13-88 | 15:66| 17:56
4-74| 574| 6-83| 8-:02| 9-29(10-67 1214 13-71| 15:37
T31| 510 6:07| 712 826 9-48(10-79| 12-18| 13-66
10l 3-79| 4-50"536 ~BaT| 7-44| 8-54| 9-71| 10:96| 12-30

11|| 3-45| 4'17{ 4-97! 5-83| 6-76| 7-76| 8:83| 9:97| 11-18

Depth in inches.

© 1S b w0 =]l Len. in feet

12| 3-16| 3-82| 4:55| 534 | 6-19| 7-11 8:09| 9-14| 10-25
13| 2°92| 3-53| 4'20| 4:93| 572| 6:57| 7-47| 843| 946
14} 2-71| 3-28} 3-90| 4-58| 5'31| 6:10| 6-94| 7-83| 8-78
15|| 2-53| 3-:06| 3-64| 427 | 4-96| 5:69| 6-47| 7-31| 819

16| 2:37]| 2-87| 3-41| 4-01| 465| 5-33| 6:07| 6-85| 7-68
17| 2:23| 2:70| 3-21| 3-77| 4:37| 5°02| 5:71| 6-45| 7-23
18| 2-11| 2:55| 3-04| 3:56 | 4-13| 4-74| 5-39| 6-09| 6-83
19|| 1-99| 2-42| 2-88| 3-37| 3-91| 4'49| 511| 577( 6-47
20|| 1-89| 2-29| 2:73| 3-20| 3-72| 426| 4'85| 548( 6'14

21|| 1-80| 218 2:60| 3:05| 3-54| 406 462| 522| 585
22| 172 2:08| 2-48| 2-91| 3-38| 3-88| 441 | 498 658
23|| 1:65( 199 | 2:37| 2-78| 3-23| 3-71| 4-22| 4'76| 534
24( 1-58| 191 | 2-27| 2:67| 3-09| 3:55| 4:04| 4-57| 512
25| 1-52| 1-83| 2-18| 2:56| 297 3-41| 3-88| 4-38| 492
26| 1:46| 1-76| 2-10| 2-46| 2-86| 3:28| 3-73| 4'21| 473
27|| 1-40| 1-70| 2-02| 2:37| 2:75| 3°16| 3:59| 4:06| 455
28| 1-35| 1-64| 1-95| 229 2:65| 3-05| 3:47| 391 439
29| 1-31| 1-58| 1-88) 2:21| 256 2-94| 3:35| 3-78| 4-24
30| 1-26| 1-53| 1-82| 2-13| 2:48| 2'84| 3-23| 3:65| 4-09

31y 1-22| 1-48 1-76| 2:07| 2-:39| 2:75| 3-13| 3'53| 3-96
32| 1'18} 1-43| 1-71| 2-00| 2-32| 2:66| 3-03| 3:42| 3-84
33| 1'15) 1-39| 1-66| 1-94| 2-25| 2:58} 2:94| 3-32| 372
34 1-11| 1-35] 1-61| 1-88| 2-18| 2'51| 2:85| 3-22| 3+61
35| 1-08f 1:31| 1-56| 1-83| 2-12| 2-44] 2:77| 3-13| 3-51
36|f 1-05( 1-27| 1-52( 1-78 | 2:06| 2:37| 2:69| 3:04| 3:41
37() 1-02{ 1-24] 1-48| 1-73| 2°01{ 2-31| 2:62| 2:96| 3:32
38|l 0-99| 1-21| 1-44| 1-68| 1-95| 2:24| 2:55| 288 3-23
39| 097) 1:17| 1-40| 1-64| 1-91| 2:19| 2:49| 281} 315
40 0-95| 1'15} 1-36| 1-60| 1-86{ 2:13| 2:42| 2:74| 307

41 0-92| 1-12| 1-33| 1-56| 1-81| 2-08| 2:37| 2:67| 299
42{ 0-90| 1-09f 1-30| 1-52| 1-77| 2-03| 2:31| 2:61| 292
43| 0-88| 1-07| 1-27| 149 1-73| 1-98| 2-26| 2-55| 2°86
44/ 0:86] 1-04| 1-24| 1-45| 1-69| 1-94| 2:21| 2-49| 279
45| 0-84| 1-02| 1-21| 1-42| 1-65| 1-89( 2-15| 2-43| 2-73
46/ 0-82] 099} 1-19| 1-39| 1:61| 185 2:11| 2-38]| 2-67
47| 0-81} 0-98} 1-16| 1-36| 1-58| 1-81| 2:06| 2:33| 261
48/ 0-79( 0-96) 1-14( 1-33| 1-55| 1-78| 2:02| 2-28] 2-56
49| 0-77| 0°94| 1-11{ 1°31( 1-51| 1:74| 1-98] 2:24| 2:51
501l 0-761 0-92| 1-09| 1-28| 1-48| 1-71| 1-94] 219| 246




TABLE A.— The strength of cast iron beams—Breadth one inch,

- 3
8 Depth in inches. w= %.
e
019 | 20 21 22 23 24 25 26 27
i§. Tons | Tons Tons Tons Tons Tons Tons Tons Tons
1{1136-98 [151-78 [167:34 {18366 |200°74 218:58 |237:18 |1256:53 [276°63
2|l 68:49| 75-89| 83:67 | 91-83{100-37 {109-29(118:59|128:26 {138-31
3|| 45-66| 50-60| 55-78| 61-:22| 66-91| 72:86| 79-06| 8551 | 92-21
4|| 34-25| 37°95| 41-83| 4591 | 50-18| 54'64| 5929 64-13| 69-16
5{| 27-40| 30:36| 3347 | 36-73| 40°15| 43:71| 47-43| 51:30| 5533
6|l 22-83| 25°30| 27-89| 3061 | 33:46| 36°43| 39:53| 42:75| 46-11
711 19-57| 21°68| 23:91| 26-24| 28-68| 31-22| 33:88| 36:65| 39:52
8|| 17-12| 18:97| 20-92| 22:96| 2509 | 27:32| 29:65| 32:06| 34:58
9|l 1522| 1686 1859 20-41| 22:30| 24:28| 26-35| 28-50| 30-74
10)f 13-70| 15-18| 16-73| 18-36| 20:07 | 21:85| 23-72| 25'65| 27°66
11){ 12-45| 13-80| 1521 | 16-70| 18-25| 1987 | 21-56| 23:32| 25°15
12{| 11-42| 12:65| 13-95| 1531 | 16-73| 1821 | 19:76| 21-37| 2305
13["70°54| 1167 | 1287 14-12] 1544 | 16-81| 18-24| 19-73| 21-28
14| 9-78| 10-84| 11-95| 13-12 | 14-34| 15-61|_1694| 18-32| 19-76
15| 9-13| 10-12| 11-16| 12-24| 13-38| 14-57| 1581 | 17-10| 1844
16| 8-56| 948} 10-46| 11-48| 12-55| 13-66| 14-82| 1603} 17-29
17| 8-05| 893| 9:84] 10-80| 11-81 12:86| 13:95| 15:09| 16-27
18)f 7-61 8:43| 9-29] 10-:20| 11-15]| 12-14} 13°17| 14:25| 15:37
19 7-21] 7-99| 8-81| 9-66| 1056 11:50| 12-48| 13:50| 14:56
20| 6-85| 7-59| 8'36| 9°18| 10-04| 10-93| 11-86| 12:83| 13-83
21| 6:52| 7-22| 7-96| 8-74| .9°56| 10°41| 11-29{ 12:22| 1317
22|l 6-22| 6°90| 7-60f 835 9-12| 9-93| 10-78| 11-66| 1257
23| 595| 6°60( 7-27( 7-98| 872| 9:50| 10-31| 11-15| 12:03
24\ 571 6-32| 697 7-65| 8:36{ 9:10| 9-88| 10:69| 1153
25| 548 6°07| 6'69| 7-34| 8:03| 874| 9-48| 10:26| 11:06
26| 527 585| 6:43| 7-06| 7-72| 840| 9:12| 9:86| 1064
27| 507 562| 6:19| 680 7-43| 809| 878| 9:50| 10-25
28| 4-89| 542 597| 656 7-17| 780 847| 9:16| 9-88
29| 4-72| 523| ,577| 633 6'92| 7-54| 817 8:84| 954
30| 4-56| 506| 557 612 669 7-28| 7:90| 855| 922
31|| 4-42| 4-89| 539] 592 647 705 7-65| 827| 892
32|| 4-28| 474 523| 574 6-27| 6-83| 7-41| 801 864
33|| 4-15| 460| 507| 556| 668 6:62| 7-18] 7-77| 838
34| 403| 4-46| 4-92{ 540| 590 6:43] 697} 7-54|( 8-13
35| 3-91| 4-33]. 4'78] 524 573 624 6-77| 7-33| 7-90
36|| 3-80| 421 4-65| 510| 557| 6:07| 6-58| 7-12| 768
37| 3-70| 4-01| 4-52] 4'96| 542 590( 6:41| 693 7-47
38| 3:60f 399| 4:40| 4:83| 528| 575| 6:24| 675 17-28
39 3-51 3-89 4-29| 471 514 560 6-08| 657 7-09
40| 3-42| 3:79| 4-18| 4:59| 501 546 593| 6441 6-91
41|} 3-34| 3'70| 4-08| 4-48| 4-89; 533| 578 625| 6-74
42| 3-26| 3-61| 3-98| 4-37| 478| 5°20| 564 6:10] 6-58
43| 3-18{ 3:53| 3-89| 4-27| 4-66| 508| 5:51| 596| 6-43
44/ 3-11| 3-45| 3:80| 4-17| 4-56| 496| 539| 583 628
45/ 3:04| 3:37| 371 4-08] 4-46| 4'85| 527| 570| 6°14
46 2:97| 3-30( 363| 399| 4-36| 4'75| 515| 557 6:01
47/ 291| 3-23| 3:56| 391 4-27| 4'65| 504| 545| 588
48| 2:85| 3:16( 3-48| 3:82| 4-18| 4'55| 494 5'34| 576
49{ 2:79| 309{ 3-41| 3-74| 4:09| 4'46| 4-84| 523| 564
50l 2741 3-03} 3-34! 3-67| 4-01| 437 4741 5'13| 553




TaBLE A.— The strength of cast iron beams— Breadth one inch.

Depth in inches. ———w =

850 bd?
22401

28

29

30

31

52 | 33

|
|

Tons

Tons

Tons

Tons

Tons Tons

34

| Tons

35

Tons

36

Tons

29751
14875
£ 9917
74-38
I 59-50
49-58
42+50
3719
33:05
10}l 2975

114 27-05
12| 24-79
13 22-88
14]' 21-25
15 19-83

© G0 ~3 O O i 0o 20 | Len. in feet

319-12
159-56
106:-37
7978
63-82
5319
4559
39-89
3546
31-91

29-01
26-59
24-55
2279
21-28

341-52
170-76
113-84
8538
6830
56-92
48-79
4269
37-95
34-15

31-05
28-46
26:27
24-39
2277

16| 1859
17| 17:50
1653
19| 1566
1487

211 14-17
22| 13-52
23] 12:93
24] 12:40
25| 1190
26( 11-44
27| 11-02
28| 10-62
29| 10°26
30| 991

31} 9:59
321 929
33| 9-01
34| 875
35l 850
36| 8-26
37| 804
38| 7:83
39|| 7+63
40| 7-43

41| 7-25

DO b bt
S © 0

19-95
18-77
17-73
16-80
15°96

1520
14-51
13-88
13-:30
12-77
12-27
11-82
11-40
11-:00
10-64

10-29
9-97
9:67
9-38
912
8:86
8:62
8-39
8-18
7-97
7-78
7-59
7-42

21-34
20-09
18-97
17-97
17:08

16:26
1552
14-85
14-23
13 66
13-14
12:65
12-20
11-78
11-38

11-02
10-67
10-35
10-04
975
9-48
9:23
8-98
875
853

364-68
182-34
121-56
91-17
72:93
60-78
52:09
4558
40-57
36-47

3315
30-39
28-05
26-05
24-31
2279
21-45
20-26
19-19
18-23

17-36
16:58
15-86
15:19
14-58
14-03
13-51
13:02
12-57
1216

11-76
11-40
11-05
10-73
10-42
10-13
985
9-59
9-35
911

8:89
8:68
8-48
8:29
810
7-92
775
7-59
7-44

7-29

38856 41325
19428 '206-62
129-52 137-75
97-14'103-31
77-71 | 82-65
6476 | 68-87
5551 59-03
48-57| 5165
43-17| 45-92
38-86 | 41-32

35:32| 37-57
32-38| 34:44
29-89| 31-79
27-76| 2952
2591 | 27-55
24:29| 2583

438-65
219-32
146-22
109-66
87-73
73-11
62:67
54-83
4874
43-87

3988
36-56
33-74
31-33
29-24
27-42

46485
23243
154-95
116-21
92-97
77-47
66-41
5811
5165
46-48

4226
38:74
3576
33-20
30-99
29-05

491-80
245-90
163-93
122:95
98-36
81-96
7025
61-47
54-64
49-18

4471
40-98
37-83
35°13
3279
30:74

22:86| 2431
21-59| 2295
20-45| 21-75
19-43| 2066

18:50 | 19-68
1766 | 18-78
16:89| 17-97
16:19| 17-22
15:54| 1653
14-94| 15-90
14:39| 15:31
13-88| 14:76
13-40| 14:25
1295 1377

12-53] 13-33
12:14| 12:92
1177 12-52
11-43| 12:15
11-10} 11-81
10-79| 11-48
10-50| 11-17
10-23| 10-87

9:96| 10°59

9-71] 10-33

9:47| 1008
9-25| 984
9:03| 961
883 9-39
8:63| 9-18
844 8-98
826 879
8:09| 861
7-93| 843
777 826

2580
24-37
23:09
21-93

20-89
19-94
19-07
18-28
17-55
16-87
16-25
15:67
15-13
14 62

14:15
13-71
13-29
12:90
12-53
12-18
11-86
11-54
11-25
10-96

10-70
10-45
10-20
9-97
9-74
9:53
9:33
913
8-95
877

27-34
25-82
24-46
23-24

2214
21-13
20-21
19-37
18-59
17-88
17-22
16:60
16-03
15:50

14-99
1453
14-09
13-67
13-28
1291
12-56
12-23
11-92
11-62

11-34
11-07
10-81
10-56
10-33
10-11
9-89
9:68
9-48
9-29

28-93
27:32
25'88
2459

23-42
22:35
21-38
20:49
19-67
18-92
18-21
17-56
16-96
16-39

15-86
15:37
14-90
14-46
14-05
13-66
13-29
12:94
12-61
12-29

1199
1171
11-44
11-18
10-93
10-69
10-46
10-25}
10-04

9-83




- TasLe B.— Deflexion of cast iron beams.

b~ o 2
S Depth in inches. 3= 02dl .
o
M 21 3 | 4 5167 8910|1112
| In. In. In. | In. In. | In. | In. | In. | In. | In. | In. | In.
" 1|| 0:02{ 0-01
o||70-08| 0-04| 0-03| 0-02| 0-01|0-01
3|l 0-18{70709] 006 | 0-04 | 0-03|0-03/0-02 |0-02 0-02 [0-02 |0-02 [0-01
4|l 0-32] 0-16[70-1T| 0°C8| 0-06|0-05/0-04 |0-04 0-04 [0-03 |0-03 |0-03
5|l 0-50] 0-25| 0-17 [ 0-12 | 0:10|0-08,0-07 |0-06 -0:06 0°05 |0-04 [0-04
6!l 072| 0-36| 0-24| 0:18{0-140°120-10 0-09 0-08 (0-07 |0-06 |0-06
7/ 098] 0-49| 0-33| 0-24| 0-19/0-16|0-14 19:12 0-11 0-09 0-09 0-08
8l| 1-28| 0-64| 0-43| 0-32| 0-25|0-21(0-18 [0-16 0-14%:13 |0-11|0-10
9 162| 081| 0-54 | 0-40| 0-32/0-27 (0-23 (020 0-18 [0-16 [0-14 |0'13
10/ 2:00| 1-00| 0-67 | 0-50| 0-40/0-33 /028 |0-25 0-22 [0-20 |0-18 |0-16
11| 2:42| 1-21| 0-81| 0-60| 0-48 |0-40 [0-34 [0-30 /0-27 |0-24 [0-22 |0-20
12| 2:88| 1:44| 0-96| 0-72| 0-57 |0-48 [0-41 [0-36 '0-32 |0-29 [0-26 |0-24
13|| 3-38| 1-69| 1:13| 0-84| 0-67 |0-56 |0-48 [0-42 '0-38 |0-34 |0-31 |0-28
14| 3-92| 1:96| 1-31| 0-98| 0-78(0-65|0:56 |0°49 0-44 [0-39 |0-35 [0-33
15| 4°50| 2:25| 1:50| 1:12| 0-90|0-75|0-64 [0-56 0-50 |0-45 |0-41 |0-37
16| 512 256 1-71| 1-28| 1-020-85,0-73 |0-64 0-57 |0-51 |0-46 [0-43
17| 6:78| 2:89| 1-93| 1:44| 1-15|0-96 {0-82 |0-72 0-64 |0-58 |0-52 |0-48
18|| 6-48| 3-24| 2:16| 1-62| 1-29|1-08 [0-92 [0-81 |0-72 |6:65 |0-59 |0-54
19|| 7-22| 3-61| 241 1-80| 1-44(1-20(1-03 0-90 [0-800-72 [0-65 [0-60
20|| 8-00| 4-00| 2-67| 2:00| 1-60|1-33 |1-14 (1-00 |0-89 ;0-80 |0-73 [0:66
o1|| 8:82| 4:41| 294 2:20| 1-76|1-47 {126 (110{0-98 ;0-88 [0-80 [0-74
29|l 968 | 4-84| 2-23| 2-42| 193|161 |1:38 {1-21|1-08 |0-97 [0-88 {0-80
23|{10-58 | 5:29| 3-53| 264 2-11|1-76 |1:51 [1-32|1-18 (1-06 |0-96 |0-88
- 5'76| 3-84| 2-88] 2-30(1-92(1-64 |1-44|1-28 {1-15 [1-04 [0-96
6:25| 4-17| 3-13| 2:50(2-08(1-78 |1-571-39 {1-25 (1-13 [1-04
676 4-51| 3:38| 2-70(2-25[1-93 {1:69|1-50 [1-35 [1-23 [1-13
729 4-86| 3-64| 2-90(2-43 [2-08 [1-82 {162 [1-45 |1-32 |1-21
7-84| 5-23| 3-92| 3-12[2-61[2-24 [1-96 174 1-57 |1-42 |1:30
8:41| 561 | 4:20| 3-36(2-80(2:40 [2:10|1-87 [1-68 |1-53 |1-40
9:00| 6:00| 4:50| 360300 (257 [2:25|2:00 |1-80 [1-63 |1-50
1 9-61| 6-41| 4-80| 3-84/3-20|2-74 [2-40(2-131-92 (1-75 |1-60
1024 | 6-83| 5:12| 4-10|3-41 [2-92 [2:56 |2-27 [2-05 [1-86 |1-70
7-26| 5-44| 4-36(3:633-11 [2:72|2-42 (218 [1-98 |1-81
7-71| 5-78| 4-62|3:85/3:30 (2:89(2-57 2-31 (2:10 |1-92
8:17| 6:13( 4-90[4-08 [3:50 (3:07 [2-72 [2-45 |2-22 [2:04
8-64| 6-48| 5-18|4-32[3:70 [3-24 {2-88 [2:59 (235 [2:16
7 9:13| 6:85| 5°48|4:56(3:91(3:43(3:04 [2:74 (2:49 |2:28
9-63| 7-22| 5-784'81 (4-12(3-61[3-21 [2-89 [2-62 |2:40
10-14| 7-60| 6-08 |5:07|4-34 |3-803-38 [3-04 [2-76 (2:53
10-67 | 8-00| 6:40 |5:33 |4-57 |4:00 [3-55 |3-20 [2-91 [2:66
1 8:40| 672 |5+604-80 |4-20(3-73|3:36 [3-05 |2-80
8:82| 7-06 |5-88 |5:04 [4:41 |3-92 [3-53 [3-21 |2:94
3 9-25| 7-38|6°16(5°28 |463 [4-11 (369 [3-36 |3-08
9-93| 774 |6-45|5°53 |4:97 [4-30 |3-87 |3-52 |3-22
10-13| 8:10(6-75|5-78 |5+06 |4-50 |4-05 |3-68 |3:37
10-58 | 8:467-05(6-04 [5+29 |4-70 |4-23 |3-84|3:52
8:847-366-31 |5-52 |4-91 |4-42 [4-01 [3-68
9-22|7-68 |6-58 |5-76 [5°12 |4-61 |4-19 [3-84
[y 9-60 (8-00 /686 {6:00 |5-33 [4-80 |4-36 |4:00
- . 10-00 (8-33 714 16:25(5°55 |5:00 |4:54 14-16.| A




TaBLe B.— Deflexion of cast iron beams.

s coooqcscn.hww-—[le-‘ﬂfaat

.. 02p
Depth in inches. 3= ——.

1314|1516 21 | 22
Tn | In. | In. | In. In. | In.
0-01 [0-01

0-02 [0-02 ,0-02 |0-02 0-01
0-04 003 0-03 |0-03 0-02 |0-02
0-05 {005,005 |0-04 003 |0-03
0-07 |0-07 :0-06 |0-06 0-04 [0-04
0-10 {009 ,0-08 0-08 0-06 [0-05
Q12 1011 }0-11 lo-10 0-07 |0-07
10-15 |0°14 10-13 [0-12 0-09 {0-09
0-18 0-17 {0-16 [0°15 011 [0-11
0-22 0-20 [0-19 [0-18 0-13 1013
0-26 1024 |0-22 {0-21 0-16 015
0-30 10-28 [0-26 {0-24 0-18 [0-17
0-35 [0-32 |0-30 |0-28 0-21 |0-20
0-39 |0-36 [0-34 {0-32 0-24 |0-23
0-44 0-21 {0-38 |0-36 0-27 |0-26
0-49 046 |0-43 0-40 0-31 [0-29
0-55 051 |0-48 |0-45 0-34 [0-32
0-61 |0-57 0-53 {050 0-38 |0-36
0-68 0-63 0-59 [0-55 0-42 (040
0-74 0-69 |0-64 0-60 046 |0-44
0-81 075 0-70 (066 0-50 0-48
0-88 0-82 |0-76 072 0-54 0-52
0-96 ,0-89 0-83 [0-78 0-59 '056
1-04 10-96 |0-90 {0-84 067 0-64 |0-61
1-12 |1-04 |0-96 [0-91 0-72 0-69 |0-66
1:20 [1-12 {1-05 {0-98 0-74 (0-71
1-29 |1-20 |1-12 |105 0-80 0-76
1-38 |1-28 [1-20 |1-12 0-90 '0-86 |0-81
148 (1-37 |1-28 {1-20 l0-91 |o-87
157 [1-46 |1-36 [1-28 0-97 [0-93
167 |1-55 |1-45 |1-36 1-03 |0-99
1478 |165 |1-54 |1-44 1-10 |1-05
1-88 |1-75 {1-63 {153 122 {116 [1-11
1-99 |1-85 (1-73 |1:62 1-29 |1-23 |1-17
2:10 [1-95 [1-83 [1-72 1-37 {130 |1-24
2:22 (2-06 {193 |1-80 1-44 |1-37 |1-81
2:34 [2-17 [2-02 |1-90 152 |1-45 (1-38
2:46 |2:28 [2-13 [2:00 160 1-52 |1-45
2 58 (2-40 [2:24 |2:10 1-68 160 |1-52
ll2+71 |2-52 |2:35 2:20 1-76 |1-68 |1:60

R12:R4 19 >+ 17~ 212 0

17241 7811 2R




TasLe B.—Deflexion of cast iron beams.

::; Depth in inches. 3='0§p'
'é2526’272829303l3233343536
S In. | In. |In. |In, {In. | In. | In. | In. | In. | In. | In. | In.
1

2

3

4

5(|0-02 ]0:02 |0-02

6/[0-030-03 |0-03 |0:02 |0-02 {0-02 (0-02 |0-02 {0-02 |0-02 {0-02 [0-02
7}/0-04 |0-03 |0-03 |0-03 {0-03 |0-03 |0-03 |0-03 |0-03 |0-03 |0-03 [0-02

.1 8//0-05 {005 {0-04 {0-04 |0-04 |0-04 |0-04 |0-04 [0-03 |0-03 [0-03 [0-03

9](0-06 [0-06 |0-06 [0-05 {0-05 [0+05 |0+05 |0-05 |0-04 |0-04 |0-04 [0-04
10{{0-08 |0-07 |0-07 [0-07 |0-07 {0-06 |0-06 [0-06 [0-06 {0-06 {0-05 [0-05
11{/0-09 [0-10 |0-09 |0-08 [0-08 |0-08 |0-07 |0-07 |0-07 |0-07 |0-06 |0-06

12}0-11 {0-11 [0-10 [0-10 {0-10|0-09 |0-09 [0-09 {0-08 [0-08 |0-08 [0-08
13({0-130-13 {0-12 (0-12{0-11{0-11 |0-11 |0*10 {0-10 |0-10 {0-09 [0-09
14{0-16 (0°15 [0°15 [0°1410-13 {0°13 |0-12|0-12 {0-11 [0-11 [0-110-11
15/(0-1810°17 [0°16 {0°16 [0-15 |[0-15 |0-14 |0 14 [0-13 {0-13 [0-13[0°12
16/(0-20 |0-19 [0-19 [0°18 (017 {0-17 |0-16 |0+ 16 {0-15 [0-15 [0-14[0-14
17/0-23 {0-22 [0-21 {0-20{0-20 [0-19 [0-18 {0-18 |0-17 |0°17 {0'16 [0 16
185{{0-26 [0-24 |0-24 |0-23{0-22 |0-21 |0-21 |0-20 [0+19 |0-19 [0°18]0-18
19{|0-29 [0-27 10-26 |0:25|0-25 |0-24 |0-23 {0-22 [0-21 [0-21 {0-20 [0-20
20({0-32 {0-30 |0-29 [0-28 [0-27 [0-26 |0-26 [0+25 |0-24 |0-23 |0-23 |0-22

21{(0-35|0-34 {0-32 {0-31 |0-30 {0-29 {0-28 [0-27 [0-26 [0-26 [0-25|0-24
22(|0-38 [0-37 |0-36 |0:34 |0-33 {0-32 [0-31 {0-30 [0-29 |0-28 |0-27 [0-27
23{|0-42 [0-41{0-39 |0°37 |0-36 [0-350-34 [0-33|0-32 [0-31 [0-30 |0-29
24({046 |0-44 |0-42 |0-41 {0-39 |0-38 10-37 |0°36 [0-34 [0-33 |0°32 [0-32
25(0-50 {0-48 |0°46 |0°44 |0-43 [0-41 |0°40 |0°39 [0-37 |0-36 |0-35 [0-34

26(|0°54 [0-52 10-50 |0:48 |0-46 [0-450°43 |0-42 [0-41 |0-39 |0:38 [0-37
27(|0-58 [0-56 [0-54 |0-52 |0-50 [0-48 |0-47 |0°45 (0-44 [0-42 |0-41 |0-40

28|(0-63 {060 1058

[=}
(o
[+

0-54{0-52(0-50 {0-49 |0-47 |0-46 [0-45 |0-43

29|/0-67 [0-64 |10-62 |0-60 IO 58 10°56 10°54 [0-52 {051 {0-49 [0-48 |0-46
301{|0-72 |0-69 {066 |0-64 '0 6210-60(0-58 [0°56 [0-54 |0-53 |0°51 {0-50
31{0-77 [0-74 071 |0-68 0-66 |0-640+62 |0-60 |0-58 |0-56 |0:550-53
320-82{0-78 10:75/0-73,0-71 10-68 |0-66 |0-64 [0-62 |0-60 [0-58 |0-56
33||0-87/0-830-80(0-77 0-75]0-72(0-70 {0-68 |0-66 |0°64 |0-62 [0-60
34{/0-9210-890°85 0‘82!0’79 0-7710-7410-72 1070 {0-67 [0-66 |0-64
|35(10-98 {0-9410-91 10-87 0-84 0-81 079 |0-76 |0-74 |0-71 {0-70 (0-68
36(/1-04 {0-99 10196 10-92 .0-89 |0-86 |0-83 |0-81 {0-78 |076 {0:74 {0-72
37){1-09(1-05(1-010-97 0-94 10-91 10-88 |0-86 {083 |0-80 /078 |0-76
38(|1-16(1-11|1-07 {1-03 0-99 |0-96 {0-93 {0-9010-87 [0-84 |0-82 |0-80
39||1-22 (117 |1-12 [1-08 1-05 [1-01 [0-98 {0-95 |0-92 |0-89 |0-87 |0-84
40111-281-23 (1-18 l'l4|l'10 1:06{1-03 {1-00 {0-97 |0-94 [0-91 |0-88
41}|1-341-291-24(1-20,1-16|1-121-08 [1-05 |1-:02 |0-98 [0°96 |0-93
42|/1-41/1-35)1-311-26 1-221-17/1-13|1-101-07 |1:03 {1:01 |0-98
43|(1-47|1-42 {1-37 1'32'1'27 1-23{1-19{1-16 {1-12|1-08{1-05{1-02
44//1-55(1-49/1-431-38  1-33(1-29(1-251-21 {117 |1-13|1-10}1-07
45|(1-62 |1:55(1-16 (144 1-40(1-35(|1-30(1°26 |]1-221-18|1-16 {1-12
46(/1°69(1-621-56 [1-51 [1-46(1-41|1-36,1-32 ({1-28 (1-24{1-21 [1-17
47,177 1°69 |1°63 (157 |152 {147 |1-42 |1-38[1°:34 [1:29 [1-26 |1-22
48|(1-841-77|1'71 1'64-’1'59 1:531-48|1-44|1-39 {1-34 11-31 {1-28
49|11-921-84(1-77 {1-71 ,1-65|1-60|1-55 |1:50 {1:45 {140 |1:37 |1-33
50(12-001-9211-5511-78 1-72{1:66|1-61 | 1:56 151 |1-46|1-43|1:38




TasLe C.—The properties of Timber.

g (3% (38| 3 $ 1%
H - i3 = 8 ]
£ |e, [s85 §§ R ERE
AR R Y N
S I D R L aE’ SE| §u
& |¥ [R¥R&d '§§ £f [ 53| £
g R B & 32 | S ] S
Name of the wood. @ Ibs. | Ibs. | lbs ] Cast iron being unity
Ash.. . oo 1076 [47-5 [0-33 [3540(0-00215[0-23 | 2-6]0-089
Beech...oocouunn. 0'696 | 45-3 |0-315| 2360 (0-00175 | 0-15 | 2:1|0:073
Ebn o.ccovunene. 0.544  34-0 | 0-236| 3240 [0-00241|0-21 | 2:9|0-073
Fir, red or yellow .. (|0-557 | 34-8 |0-242| 4290 (0-00217 |03 | 2'6|0-1154
Fir, white ........ 0-47 |29-3 |0-204| 3630 [0-00198 [ 0-23 | 2:4|0-1
Larch . 0-56 |35-0 |0-243|2065(0-00192 | 0-136] 2-3|0-058
Mahogany, Honduras||0:56 |35-0 |0-243| 3800 [0-00238 | 0-24 | 2:9 | 0-087
Oak, English. .. ... 0-83 {52:0 |0-36 | 3960 [0-00232|0-25 | 2:8|0-093
Pine, Amer. yellow ||046 | 2675 0-186| 3900 |0-00241 | 0-25 | 2:9|0-087

TaBLe D.—The properties of Metals.

Y w0 [] 1
§ (3233 £
EY .§§ © § 3 8 ‘é © .
b3 L] 38 = ) * ® ® :
g Y e § . § ) B |2 E i
3 < (S8 s £ |82 8 i
I I Rl P E §| §% |§8F 8% 8= !
S | & |DLEFEF| 3% | £% |gF| £ ’
g LS & 2 (8IS S !
Name of the metal. “ Tbs. | lbs. | Ibs. | & Cast iron being unity
Brass, cast . .|| 8:37 1523 3-63 | 6700/0-00075(0°435| 0-9| 0-49
Bronze,or gun-metal)| 8:153|509-5 |3-54 [10000/0-00104 0-65 |1:25 0-535
Copper «.vees.....|| 8756 549 3-81
Iron,cast........ 7207 |450 3-2 |15300{0-00083 |1 1 |1
Iron, malleable ..|| 76 475 3-3 |[17800{0-0007111-12 |0'86;1-3
Lead, cast........||11:352|709:5 1494 | 1500/0-00208 |0-096 | 2-5 | 0-0385
Steel .....c......|| 784 490 34
Tin, cast ........ 7-291 (4557 |3-165) 2880/0:00063/0-182 | 0-75| 0-25
Zinc, cast ....... || 7-028(439:25|3-05 | 5700[{0:00024/0:365|0-5 | 0-76




TasLe E.— The properties of Brick, Clay, Earth, Slate,

and Stone.
=2 N o 2 k)
g :::.-< § < § g‘
s K
£l §'§ fg : s | G
3 - o> 3 3 :
£ |38|38|3%) 38| £8
£ RIS |S 25 2
o | lbs. | Ibs. | lbs. »V R
Brick............ 1841|115 275| 562|0°0666
— work ...... 117 )
Clay vevvvevennns 2:000| 125
Earth, common .... ||1'76 |'110
Granite, Aberdeen 2:625| 164 10910
Marble, white .... ||2:706|169 | 1811| 6060 000-0717
Porphyry, red .... |[2:871{179 35568
Slate, Welsh ...... 2:752 (172 (11500 0-00073
Westmoreland 7870 " [0-00061
Scotch .. .... 9600 0-0C. ...
Stone, Portland .. [2°113|132 857| 3729(0:06250-0( .. __
Bath ...... 1:975|123+4| 478 0-0769
Craigleith .. ||2-362|147-6] 772| 5490/n0-0159
Dundee .... ||2°621|163°8] 2661| 6630{0:0196
work ...... 160

Several other particulars necessary to be known
may be stated as follows :— ‘

Bridges. The greatest extraneous load on a square foot is about
120 pounds.

Floors. The least load on a square foot is about 160 pounds.

Roofs. If covered with slate, on a square foot, 51}lbs. ; if tiled,
56% pounds. ,

TasLe F.—For adapting the numbers in TABLE A to the
calculation of Timber.

Name of the wood. b | d s
Ash oiviveninnnnnnn. 4-35 |2:085 | 0-23
Beech «.vvvvnninnnns 6-66 [2:582 | 015
Elm.....cccoovevvnn.. 4:76 {2:182 | 0-21
Fir,redoryellow .... | 3-33 |1-825 | 0-3
Fir, white .......... 4-35 [2:085 | 0-23
Larch .............. 7:35 12712 | 0°136
Mahogany, Honduras .. | 4-17 |2:041 | 024
Oak, English ........ 4-00 |{2:000 | 025
Pine, American, yellow | 4-00 |2:000 | 0-25




140 _ Explanation of the Tables.

The numbers in Table G have been obtained at
the expense of much labour; they were computed
independently from the equation given with the
argument at the top of the page, the form of which
renders it inconvenient for differential sum mation,—
hence the necessity of an independent process for
each number. Great attention has been paid to the
accuracy of the results, and. this will insure a very
near approximation to the real strength of the co-
lumns in question; the formula is that which con-
siders the direction of the straining force to coincide
with the surface of the column, which limit has been
taken to secure sufficient strength; for if the direc-
tion of the force should fall within the column nearer
to the axis, the strength will be augmented in pro-
portion as it approaches the centre; therefore, co-
lumns constructed from the numbers given in the
Table will always be sufficiently strong.

The Table is adapted for oak and fir only, but as
these are the only timbers used in supporting heavy
loads, its application is sufficiently extensive ; it may
be applied to other timbers, but the results will not
be so accurate.

To use this Table.

Enter with the diameter in inches at the top, and
the length in feet in the left-hand margin ; then in
the body of the Table, under the diameter and op-
posite the length, is the load in cwts. that the column
will support with safety.




TaBLE G.—The strength of oak and fir columns.

‘- o 4
,f:; Diameter in inches. w= :gg,’_%;.
~ 1 2 3 4 5 6 7 8
.§ Cwt. | Cwt. | Cwt. | Cwt. Cuwt. Cwit. Cwt.” | Cuwt.
"1{{19-60 (21:38|48-94 |87-53 |137:15 {19780 [269°46 |352-17
2//14:70{19:60 {47-01 {85°54 |135:13 |{195°76 [267:43 |350-12
3((10-38 11721 [44°11|82-42 {13190 |192:47 [264-09 |346°76
4|l 7-351{14°7040°60 7841 |127-63 [188-04 |259:56 |342°16
5l 5°34|12:38136-83|73-80 {122°52 |182:63 {25396 {336°43
6|| 4:01110-38(33-08 {6885 {11681 |176°43 [247-43 |329-68
71 3-09| 871 {2952 6380 {110°71 [169-62 [240-14 [322:04
8|| 2:45| 7-35(26-27 |58-31 |104°42 (16239 [232°24 |313-65
9|l 1-98{ 6-24|23:35 (54-03 | 98:10|154-91 [223:90 |304-66
10f 1-63| 5:35(20-77 |49-52 | 91:89/147:33 |215°25|395°20
11 4-61 (1851 [45°35| 8588 {139:76 [206°44 [285:41
12 4:01 |16-54 |41-51 | 80-14 {132-32 ({19840 (275:40
13 3:51(14-82138:02 | 74*71|125-08 {18877 [265-29
14 3:09(13:3334:85| 69-61(118°11{180°10 (255-17
15 2:75(12:03{31-99| 64:86{111-43|171:64 |245°14
16 2:45(10°89|29:41| 60°45{105:08 |163:43 [235-24
17 2:20| 9:89(27-08| 56:37| 99:07 |155-51 {22555
18 1-98 | 9-02{24-98| 52:61| 93-40|147-91 |216-10
19 1791 82512309 49:14| 88-08 {14064 {206-95
20 1-63| 757 |21-38| 45-95| 83-09 |133:71{198-10
21 1'49| 6:9619:84 | 43:01| 78-41(127-13{189-57
22 1:37 | 6:43]18-45] 40-30| 74:05|120-89(181-39
23 1-25| 5.94(17-19| 37-81| 69:97]114:98{173:55
24 1:16} 5-51]16:04] 35°53| 66°16(109°40 {166:05
25 1:07 | 5-12]15°00| 33:41| 6261 |104:13 {158:90
26 1:00| 4-77|14-04| 31:47| 59:30| 99:16 |152:07
27 4+46(13:18 | 2967 | 56-21| 94°47 |145-58
28 4-17)12-38 | 28:01| 53:32| 90°05{139:40
29 391{11-65| 26-48| 50-63| 85:89{133-53
30, 3'67110-98| 2506 | 48:12| 8197 ({127-95
31 3:4510-37 | 23-74| 45:77| 78:27|122:65
32 3:26| 9:80| 22:52| 4357 74:'79|117-62
33 3:07| 9-28| 21-39| 41-51| 71-50|112:84
34 2:91| 879 20-33| 39:59| 68:41/108-31
35 2:75| 8:34| 19-34| 37°78| 65:49(104:01
36, 2:61| 7-93| 18:43| 36:09| 62:74| 99-92
37 2:48( 7-64| 17-57| 34-50| 60-14| 96:05
38 2:35| 7-18| 16:77| 33:00| 57:68| 92:36
39 2:24| 6-85| 1602 31:60| 55:36| 88:86
40 2:13| 6:53| 15:31| 3028 53:16| 85:54
41 2:03| 624 1466 29-03| 51-09| 82:38
42 1-94| 597 | 14:04| 27-86| 4912 79:37
43 1:86| 5°71| 13-46| 26:75| 47°26| 76-52
44 1:78| 5-47| 12:91| 25°70| 45°49| 73:80
45 1:70| 5-24| 12:39| 24-71| 43-82| 7121
46 1-63| 503 11-90| 23-78| 42-23| 68:74
47 1:56| 483 | 11-44| 22-89| 40:72| 66°39
48 1-50| 464 11-01 | 22:05| 39-28| 64:15
49 1-44] 4-46| 10-60| 21-26| 37-92| 62:02
50 1:39| 4-29| 10-21| 20-50| 3662 | 59-98




TaBLE G.— The strength of oak and fir columns.

Diameter in inches.

w

_ s065sa"
— 5643471

S © 0 <1 B Ok 0o w0 w|| Len. in feet

b
o

— bt bt et Pt
DO W

17

DO pmt
O © ®

RSS2

25
26
27
28
29
30

9

10 | 11

12

Cuwt.

Cut. | Cuwt.

Cwt.

15

Cuwt.

14

15

16

Cuwt.

Cwt.

Cwt.

44590
443-85
44047
43583
430-00
423-08
41519

550-65 66643
548-60 |664-38
54521 66098
540-53 65628
53463 65033
1527-60 '643-20
519-52 '634-98

79324
791-18
78777
783:05
777-06
769-87
761-54

4064551050
396-97 50065
38688 [490-08

376:32 47891
365+39 '467-24
35421 :455-18
342-88 442-85
33149 430-31
320-12 41768
308-85,405-03
290-95 392+41
286-81.379-91

276-13 [367-56

l625-75
615-61
60466

593-00
58073
567-97
55479 |

752:04
741-77
730°51

718-46
70571
69236
678-49
541-30 i664'20
527-60 i649.58
513-74 634°70

499-83 '619-65
604-50

48591
l472'06 58931

26574
255°64
24027
236-43
227-33
21857
21016
20209
194-35
186-94

35542 45832
34351 44475
331-88 431-38
32055 41825
309-52 40538
29883 392-81
288-41 380+54
27845 '368-59
26878 356-98
259-45 34570

574:14
559-05
54408
529-28
514-69
500-33
48623
472-42
45891
44571

179-86
173-08
166-60
160-41
154-51
148-86
143-47
138-33
133-42
128-73

124-25

25047
24182
23350
225:50
217-81
210-44
203-35
196-56
190-04
183:78

177-78

1115-89

[101-29
1 9803
| 94-91

119-98 {172-02
166-50
161-21
156-11
151-26
146-58
14210
137-79
133-66

111-99
108-26
104-70

- 91°93

33477
324-18
313-94
304-04
294-47
28524
276-33
267-74
259-45
25147 |332-34

243-78 1322-84
23637 313-65
22924 130477
222-37 29618
21576 287-88
209-40 (279-87
203-27 272:12
197-36,264-64
19168 257-42
18621 (250-44

43285
42032
417°63
396-24
38477
37361
36279
352-31
342-16

931-07
929-01
925-60
920-86
914-84
907-68
899-17
889-65
879-09
867-59

85522
842-07
828-23
81379
798-82
783-42
767-67
751-64
73540
719-03

70259
686°13
669-72
65339
637:20
62117
605-35
589-77
574-44
559-39

54464
530-20
516-08
502-29
48884
47573
462-97
45055
43848
42674

415-35
404-28
39355
38313
373:04
36325
35376
344-57
335-48

1079-9
1077-9
1074-3
1069-7
10637
1056-4
1047-9
1038-3
1027-8
10158

1003-2
989-73
975-49
96055
945-02
928-96
912-45
895-57
878-39
860-99

843-42
82574
-808-02
790-31
772:65
75509
737-67
720°42
703-37
686-56

670-00
65371
637-72
622-03
606-67
591-63
576-92
56256
54853
55485

521-52
50853
495-88
481-35
471-59
45994
448-62
437-61
42691

327-04

416-52

1239-8
1237-8
1234-3
1229-6
12335
1216-2
1207-6
1197-9
1187-1
11752

1162-4
1148-6
1134-0
11187
1102-7
1086-1
1068-9
1051-3
1033-3
1015-0

996-40
977-64
95875
939-78
920-79
901-83
882-93
86413
84548
82701

808-74
790-69
772°11
755:39
73816
721-23
704-61
688-32
672-36
656-74

641-46
626-52
611-93
597-68
58377
570-20
556-98
544-08
531-52

1410-7
1408-7
1405-3
1400-5
1394-4
1387-0
13785
1368-7
1357-7
13457

1332-7
13187
13039
12881
1271-7
1254-6
12369
12186
1199-9
1180-8

1161-4
1141-6
112]-7
1101-6
1081-4
1061-2
1040-9
1020-7
1000-5
98053

960-65
940-95
921-46
90219
88317
864-42
84595
827-78
809-92
792-38

775°17
75829
74175
725°56
709-70
694-19
67903
664-21
649-72

519-28

63558




TaBLE G.— Tke strength of oak and fir columns.

SOOI 0D W ,_,HL_qg-infeet

[umrpre
D =

Diameter in inches.

308-75d*

=56dT+ 7T

17
Cwt.

18
T Cwt.

19
" Cuwt.

20
“Cwt.

o1

22 23

Cwt.

Cwt. Cwt.

A4
Cwt.

13

L
O >

15927
1590-6
1587-2
15824
1576-3
1568-9
1560-3
1550-5
1539-4
1527-3

15141
1499-9
1484-8
1468-9
1452-1
14345
1416-3
1397-5
1378-2
1358-4

13381
1317-6
1296-7
12756

11254-3

1232-9
1211-4
1189-9
1168-4
1146-9

11255
1104-3
1083-2
1062-2
10415
1021-0
1000-8
980-80
961°10
941-69

92259
903-80
885-34
867-20
849-41
831-95
814-84
798-07
781-64
765-56

1785-7 .
1783-6
17802
1775-4
17693
1761-9
1753-2
1743-3
1732-2
1720-0

17067
1692-3
1677-0
1660-8
16437
16258
1607-2
1587-9
1568-0
1547-5

15266
1505°3-
1483-6
14616
14393
1416-8
1394-2
13716
1348-7
13260

1303-2
128056
1257-9
12354
1213-1
1190-9
1168-9
1147-2
11258
11045 -

1083-6
1062-9
10426
1022-6
1002-9
983:48
964-43
94571
027-34

909-31

1989-7
1987-6
1084-2
1979-4
1973-3
1965-8
1956-7
1947-2
1936-0
1923-9

1910-3
1895-8
1880-3
1863-9
18465
18283
1809-3
1789-6
1769-2
17482

17267
17047
1682-2
16594
1636-2
1612-8
1589-2
1565-4
1541-5
1517°5

1493-4
1469-4
1445°3
1421-4
1397-5
1373-8
1350-3
1326-9
13037
1280-8

12581
12356
12135
1191-6
1170-0
1148-7
1127-7
1107-1
1086-8

1066-8

22047
2202°6
21992
2194-4
2188-3
21808
21721
2162-1
2150-9
21385

21250
21104
2094-8
20781
2060°5
2042-0
2022-7
20026
1981-8
1960-3

1938-3
19156
1892-5
1868-9
18450
18207
17962
1771-4
1746-4
1721-3

1696-0
1670-7
16454
1620°1
1594-8
1569-7
1544-6
15196
1494-8
1470-2

14458
14217
1397-7
1374-1
13507
1327-5
1304-7
12822
1260-0
12381

2430-7
2428-6
24252
24204
24143
2406-8
2398-0
23880
23768
23043

23508
23360
2320-3
23034
22856
22669
22479
2226°9
2205°7
21838

21612
21381
2114-3
2090-1
20655
2040-4
20150
1989-3
1963:1
1937-2

1910-9
1884:4
1857-9
1831-3
1804-7
17782
1751-7
1725-2
16989
1672-8

1646-7
1620-9
15953
1569-9
1544-8
1519-9
1495-2
1470-9
1446-8
1423-0

2667-8 |2915-9
26651 [2913-8
26623 [2910-4
26575 (29056
2651-4 (28995
26439 (2892:0
26352 28832
2625°1 128731
2613-8 128618
26013 (28493

2587-6 128355
25728 (2820-6
25569 (2804:6
25399 (2787+5
25219 27694
25030127502
24832 27302
2462-42709-2
24409 |2687-4
241846 {2664-7

2395+6 |2641-3
2372°0|2617-3
23477 12592+5
23229 25672
2297-6|2541-3
2271-9 |2514-9
22457 [2488-0
2219-2 [2461-0
2192:32433-1
21652 12405°1

2137-9 |2376-9
21104 (2348-4
20827 (23197
20550 (2290-8
20272 [2261-9
1999-32232-8
19715 {22037
19436 [2174+6
1915-9 21455
18882 12116-4

18607 [2087-4
18333 |2058:5
1806020298
1779:0 {20011
1748119727
1725:5|1944-4
1699°11916-3
1673-01885'5
1647-111860-8
1621:5}1833-5

31750
3173-0
31695
3164-7
31586
31511
3142-3
31322
3120-9
3108-3

30945
3079-5
3063-4
3046-1
30279
30086
29883
29671
2945-0
2922-1

2898-2
28739
28487
2822-9
27964
2769-4
27419
2714:0
26856
2656-8

2627-7
2598-3
25687
25388
25088
24786
24483
24180
23876
23572

23269
22966
2266-3 |-
2236-2
2206-2
2176-3
2146-6
21171
2087-8
2058-8
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