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Preface

THE

Building Industry, in its various branches, is more
closely identified than any other with the marvelous
engineering progress of the present day and the untold

To put

possibilities of the future.

all classes

of workers in

modern methods of construction and the
this great field, and to bring to them in a

familiar touch with
latest

advances in

form

easily available for practical use the best fruits of the

the service

highest technical training and achievement,

is

which the Cyclopedia of Construction aims

to render.

The work

is

pre-eminently a product of practical experi-

ence, designed for practical workers.

It is based

on the idea

that even in the larger problems of engineering construction,
it is not now necessary for the ordinary worker in concrete,

any other form of material, to attempt the
impracticable task of exploring all the highways and byways
or

steel,

or

where the trained engineer or technical expert finds himself
Tlie theories have been worked out; the tests and
at home.
calculations have been

made

observations have been recorded

;

in thousands of instances of actual construction;
results thus

information which

working
of

every

and the

accumulated form a vast treasure of labor-saving
is

now

available in the shape of practical

rules, tables, instructions, etc., covering every

construction problem

ordinary experience.
sections on

Reinforced.

This

is

likely

to

phase

met with

be

in

perhaps most apparent in the

Cement and Concrete Construction, Plain and
To this subject, on account of its supreme impor-

tance as a structural factor of the present day, three entire

volumes are devoted, embodying the cream of

all

the valuable

information which engineers have gathered up to date.
of this practical information

now presented

Much

in this Cyclopedia,

has never before been published in any form.

By

its

use.

PEEFACE
enabled to take advantage of the vast labors of

anyone

is

others,

and

to bring to bear

on any problem confronting him

the results of the widest experience

The keynote

and the highest

of the Cyclopedia

skill.

found in the emphasis

is

constantly laid on the practical as distinguished from the
theoretical

form of treatment,

in its total avoidance of the

complicated formulas of higher mathematics, and in

reduc-

its

and
Throughout the pages devoted to Steel
Construction, for example, the mathematics of the subject

tion of all technical subjects to terms of the simplest
clearest

English.

have been eliminated to such an extent that the reader will
not find a single instance where even a square root sign has

been used.

In addition to the larger problems of engineering and
building construction, one entire volume, as well as
chapters
smaller

scattered

through the work,

constructions

teacher or student

of

that

are

of

is

special

many

devoted to those
interest

to

the

manual training or the home shop

worker of a mechanical turn of mind.

Inasmuch

as a wider

knowledge and a more intelligent

fundamental principles of construction and
design will tend to greater efficiency on the part of workingmen, and to greater economy in production, the purpose of
grasp

the

of the

Cyclopedia of Construction

strongly, not only to the

architectural

reliability

one which will appeal

and engineering fraternity

The authors
Experience

men

is

themselves, but also to the

of the various sections are all

whose

and

as a whole.

recognized

standing

practical thoroughness.

is

a

men

of wide

guarantee

of
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Masonry Construction
stone Masonry
Rocks in Their Natural State. Rocks are
divided into three general classes, determined by
the manner of their formation in nature's great
laboratory. These classes are:
(1) Igneous,
(2)

Sedimentary or Aqueous, and (3) Meta-

morphic.
(1)

Igneous rock

remote geological

era,

some
has been thrown up from
is

that which, in

the earth's interior in a molten state as volcanic
lava. Such rock varies greatly in texture and
appearance, from the well-known pumice-stone,

which is porous and light in weight, to the dense
and crystalline granite, so valuable as building
material. Some of this lava has been left at or
near the siu'face of the ground, and so has cooled
quickly; while some has been covered to a great
depth and has remained warm for centuries.
The latter condition tends to the formation of
large crystals and solid masses, while the fonner
results in fine-grained and glassy stones.
Igneous rock is otherwise divided according
to chemical composition, into acid and basic
varieties.
In the acid stone, of which granite
1

2
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may be taken as

a type, silicon is always present
In the basic variety, of
which trap is typical, potassium, magnesium,
and iron are predominating features.
All exposed rock is subject to slow dis(2)

in large proportion.

integration, due to

many

causes.

The action of

water and of air are potent in causing rocks to
crumble; alternate heat and cold and impact
fi^om particles blown about by the wind, produce
similar results. The fine pieces thus formed
may be deposited, by the action of water, in
layers.

The addition

of

pressure

for

great

periods of time transforms this debris into new
rock, which is called aqueous or sedimentary.

The most notable example of rock
tion is the sandstone in such

of such forma-

common use.

Most of the limestones have been formed in
life of a very low order. These
structures are either in the form of coral reefs or
masses of shells, both composed of carbonate of
lime extracted from the water of the ocean.
Rock that lies deep in the earth's crust
(3)
may be subjected to enormous pressure, which,
in some cases, is sufficient to alter materially its
structure and appearance without changing its
composition.
Thus the beautiful marbles are
formed from ordinary limestone; deposits of
peat may become anthracite; and deposits of
clay may be changed into slate. This change of
water by animal

character gives rise to the name metamorphic.
Characteristics of Building Stones. Any
variety of stone is valuable according as its char-
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acter suits the requirements of the occasion; and
the following brief statements regarding the
qualities of some of the more common stones
should prove of value in choosing building material.
In a general way, the requirements of a
good building stone are: (1) Durability; (2)
Strength; (3) Beauty; and (4) Cheapness.
Sometimes more than one of these requirements
are necessary, and all are desirable. Usually a
compromise is effected between the best, regardless of cost, and the cheapest, if nothing else
be considered.
Durability. Many agencies are constantly
active in destroying the integrity of building
stone. The air in the vicinity of large cities and
manufacturing plants is laden with fumes, both
acid and alkaline, which attack stone of all kinds.
Stones which contain large proportions of lime
are especially susceptible to the sulphuric and
Ammonia and nitric
carbonic acid of smoke.
acid of rain water have marked effects upon the
surface of exposed stone. All stone absorbs more
or less moisture, which changes volume with
each change of temperatui'e and so sets up
strains between the particles. When the range
of temperatm*e is from above to below freezing,
the change of volume of the moisture is very
marked, and the resulting strains are correspondingly large.
Other destructive or disintegrating agents
are fire, friction, and pressure. Fire is especially

damaging

to granite,

which

is

otherwise, per-
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kaps, the most desirable stone. Friction is serious on stairways and on door-sills. The pres-

sure of superimposed loads is seldom sufficient
to crush stone unless it be applied so as to cause
bending. This result is usually unavoidable and
many vertical cracks are seen, even in expensive
;

buildings.

All these destroying agencies are resisted in

by the various kinds of building stones. Granite, being composed largely of
hard quartz, is but slightly acted upon by the
different degrees

acids present in the atmosphere. Its density also
prevents the absorption of much water, and so
it is not greatly affected by small changes of
temperature. On the other hand, intense heat
causes granite to disintegrate rapidly. On account of its hardness and strength, this stone
may be used in all places where friction and
pressure are expected; and by the stonecutter's
art it becomes one of the most beautiful stones
as well.

A

sandstone may or may not be durable. This
stone yields to destroying agents, principally on
account of the disintegration of the material that

cements the particles of sand together. Under
the best conditions this cementing material is
silica, and the sand is quartz; and when this
composition is well consolidated, the resulting
stone is comparable with granite in ability to
resist the action of the air,

in the case of

fire.

and

is

more durable

On the other hand,

are often cemented

sandstones

by material containing

sol-
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A

uble matter, such as clay and iron.
notable
example of such stone is the Portland brown

sandstone used in the construction of many
handsome residences in New York. Added to
the tendency to disintegrate through chemical
action, is the fact that most sandstones are porous, and are consequently much affected by
frost.

Limestones embrace widely different variecoral, ckslk, and marble marking the extremes. Except as they absorb moisture, they
are fairly durable; and other qualities such as
ease of working, and remarkable beauty when
polished make the best of this material very

ties

—

—

highly prized.
Slate is a clayey stone that is valuable where
transvei-se strength is imperative. Under friction it does not become excessively smooth, and
so has been much used for the paving of walks
and for steps. To a greater extent, slate is used
as a covering for roofs; and as such, its wellknown quality of splitting easily along one axis,
while retaining abnormal strength transversely,
makes it very well adapted for this purpose.
Slate absorbs but

little

moistm-e, and

is

not over-

sensitive to the attacks of the gases in the air.

Strength of Stone. It may be said that stone
never used in direct tension. So the strength
depends upon the ability to resist flexm'e and
compression. Stones are subjected to bending
stresses when used as lintels over doors and winis

6
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dows, as covers to drains and culverts, as sidewalks, and in a few other instances.
The breaking stresses per square inch in
stone beams subjected to bending, crushing, and
shearing, are given in Tables II and III. These
values should be divided by four or more, in determining the proper sizes to be used in building.
Stone in the mass, as that under foundations,
seldom fails by compression under any loads in
use in engineering or architectural construction.
The values given in tables of compressive
strength of stone, are usually derived by breaking cubes measuring two or four inches on a side.
When somewhat larger cubes are tested, the
breaking load per square inch is greater, and the
natural inference is that the unit-strength increases with the cross-section. Nothing, however, is definitely known of the compressive
strength of large blocks of stone, as no testing
machines are capable of breaking such specimens. When it is remembered that the weight
of all the iron of a railroad track from New York
to Chicago could be safely borne by a block of
granite twentj^ feet square, it may cause wonder
that stone structures ever fail. In nearly every
case of such failure, a close examination reveals
other than direct compression. Occasionally an
eccentric loading may bring an enormous weight
upon a small area, as on the sharp edge of a
block, and cause failure by compression; but
faulty foundation bed, flexure, or disintegration
through the action of natural or artificial, chem-

MASONRY CONSTEUCTION

7

nearly always are responsible for failures that occur in stonework.
Table III gives the strength per square inch
of cubes of stone of various kinds. The results
are of value, as strength usually indicates density and ability to resist frosts and acids of the
air.
It is of course understood that the values
in such tables are not to take the place of tests
made for a particular stone, when it is possible
to have this done. As the table covers quite a
range of quarries, it gives a good indication of
what may be expected of stone of different kinds
ical or physical agencies,

found anywhere.

The strength of stone masonry differs mafrom that of the stone of which it is
fonned. The strength of the mortar and the

terially

thickness of the joints used are large factors in
determining what a structure will support. For
the reason mentioned in a paragraph above, no

have been made on full-sized masonry
and so the strength of small cubes of
stone and that of the mortar are to be taken as
tests

sti-uctures

;

indicating the probable relative strength of the
built-up

masonry rather than the absolute

strength.

Beauty and Cost of Stone. Beauty is a relaand a comparison of stones in this respect must usually be a matter of personal preference. Fitness in the choice of stone and of its
finish, is the main thing to be sought. A tunnel
portal of polished marble in the mountains would
tive term;

MASONRY CONSTRUCTION
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be as lacking in beauty as a rough stone interior
might be in a city building.

The

cost of stone is subject to so

many

changes and to so many local conditions, that
nothing more than a very general statement can
be made concerning it.
A large part of the total cost of stone as used
in building, is the expense incurred in cutting
the stone. Within the past few years, the following prices for sawing stone have been quoted:
Sandstone, 8 to 10 cents; limestone, 15 to 18
cents; marble and granite, 25 to 35 cents all
per square foot. It costs nearly $5.00 to quarry a
cubic yard of granite, split to three dimensions.
If split in random sizes, the cost is perhaps $4.00.
Granite broken out by very heavy blasts, to be
afterwards used in this form or to be split into
regular shapes, is sometimes quarried as cheaply
as 50 cents or less per cubic yard. Bedford limestone costs from $1.50 up per cubic foot, ready

—

for the wall.

TESTS OF STONE
Many

of the characteristics of stone are ap-

parent to the practiced eye of the workman.
Others are easily seen with the aid of a magnifying glass while some are determined only after
thorough tests by approved methods of physical,
microscopical, and chemical examination.
Simple Tests. Some of the simple methods of
judging of the fitness of stone for a certain pur;
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and the

pose will be described

first;

some of the more exact

tests will

results of

then be shown.
practicable, a visit

When such a course is
should be made to the quarry, where the first examinations should be directed to the surface of
the rock that has been exposed longest to the atmosphere. It is a good sign if this surface shows
originally sharp edges still in that condition. If
the rock at the bottom and near the top of a
vertical face presents a like appearance, the inference is that the upper surface has not yielded
readily to atmospheric action. The presence of
a deep layer of soft, almost disintegrated rock at
the top, indicates that the opposite

A

is true.

comparison of a freshly cut block with a similar
one that has seasoned for some months, will
often show a marked increase in hardness, with
the lapse of even this short time, which will be
beneficial. This result is occasioned by the fact
that the water which the rock has absorbed
sometimes holds in solution some of the cementing constituents of the stone, such as silica.
An examination of some actual example of
construction work in which the stone from
the quarry in question has been utilized
as

building

material,

may

also

show

the

weathering qualities and other characteristics.
Tool marks and chippings should show plainly
for many years, and should feel sharp to the
touch. Small, well-defined, dark spots appear
in stone containing iron pyrites (iron

and

sul-

phur) upon long exposure to rain and to the
,

at-
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mosphere. These spots are unsightly, and do not
show in new stone. Any change of color from
that of the stone when newly split should be
noted. Sometimes the change is for the better,
sometimes the reverse.
In some surfaces there will be noticed dis-

seams or veins of different color and texture. The small magnifying glass and the knife
blade will aid in determining whether these irregularities are harder or softer than the other
parts of the stone. If the appearance is of little relative importance, these hard seams may
not be an objection, while seams of disintegration would be. Again, small cavities, of, say, an
inch or two in longest dimension, are blemishes;
but if the glass and blade show that they are surrounded by a hard, flinty substance, the stone is
not of necessity made materially weaker by their
tinct

however, such cavities show the
existence of a seam of softer material, it is a

presence.

If,

more serious matter, and the

specifications will

determine whether or not the stone

is still ac-

ceptable.

If a thin slab of stone be struck with a hammer, it should produce a clear, ringing sound,
the resonance being closely proportional to its
elasticity.

The color of stone is mainly dependent upon
amount and condition of the iron it contains.
The bluish tints indicate that the oxidation of
the iron is incomplete, and some further change
the

may be

expected before the red or rusty color

is
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shown. Hence, in general, the reddish stones are
the most durable.

Chemical Tests. Such tests can be made only
by an expert in a well-equipped laboratory, and
an interpretation of the results is important.
The value of a stone as a building material depends fully as much upon the physical characteristics as upon the composition. Thus, granite
and gneiss are identical chemically; but the latter stone is in layers which cause it to be split
readily in one direction and with difficulty otherwise. This characteristic is of course unfavorable if the stone is to be worked, but gneiss is
considered to be as durable as any stone. Comparing the granites and sandstones in Table I, it
is seen that either may have the larger percentage of quartz, iron, alumina, lime, magnesia, or
potash.
Carbonic acid is usually present in
sandstone in considerable quantities, and is frequently found in minute cavities of the quartz
of granite.
For the same general locality, a
sandstone containing 2 per cent of alumina is apt
to be stronger than one having 10 per cent or
more, and as a rule the strongest sandstones
have a low percentage of this material. The specific gravity and the ability to absorb water furnish no certain criterion of the strength of
stones, although, in general, the stronger are the
A sandstone
heavier and the less absorptive.
should not contain so much lime as to cause violent effervescence upon contact with muriatic
acid.

MASONRY CONSTRUCTION
TABLE

I

Chemical Analysis of Building Stanes

Name

op Stone
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TABLE

II

Transverse Strength and Elasticity of Building Stones

Transverse
Strengthi

Names of Stones
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TABI*E

III

Compression and Shearing Strength of Building Stones
Strength
Pounds per Square Ikcr
DSSCRIPTION

Compression

Shiak

QRANITESFrom Braddock Quarries, near

Little Rock,

j^l^

From

19,599

Milbridge, Me.,

"White Rock Moun-

tain"
From Rockville, Steams Co. Minn
Drake's Granite, from Sioux Falls, Minn
From Concord. N. H, (3.08 in. x 3.07 in. x
,

2,820
1,948
2.086

30,830

3.08 in.)

From

19.917
18,121
18,175

Concord. N. H. (3.07 in. x 3.06

in.

x

8.03 in.)

23.860

MARBLESRutland, Vt., White
Rutland, \t.. Blue
Mountain, Dark, from Vermont
Sutherland Falls, Vt

From Tacoma, Wash.

11,892
13,864
12,833
16,156

(2.03 in.

x

2.03 in.

x

(2.03 in.

x

2.03 in.

x

1.023
1,216
1.453
1.564

8.910

2.04 in.)

From Tacoma, Wash.

9,240

2.04 in.)

LIMESTONESFrom
"

La Motte, Vermont.
Beaver, Carroll Co., Ark.
Bowling Green, Ky
Bedford. Ind.. Buff

"

Blue
Roosevelt Dam, Ariz.

"
'

Isle

(2.0 in. cubes).
(2.0 in.
(2

cubes).

14,622
20.581
6,042
9,012
10.823
5.590
4,970

2.17S
1.998
1,210
1,222
1,016

16.894
15,630
18,468
12,765
12,665
11,389
5,590

1,525
2,202
2,479
1,765
1.642
2,016

SANDSTONESFrom Crom\vell, Conn
"

"
"
"

*
"

Jasper, Ala
Cabin Creek,

Ark

Quarries near Fort Smith,Ark
Olympia, Wash
Chuckanut, Wash
Dawson. Ind. Ter
" 3.8 in. cubes
3.9 "

"

4,970

Tables 11 and III will be found the results of recent experiments, made for the most part at the
United States Arsenal at Watertown, Mass., and
published as public documents entitled "Tests
of Metals." Table IV, giving weights and ab-
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TABLE IV
Weight

Tper

Cubic Foot, and Kate of Absorption, of Building Stonee
SO0KCS

Pcnryn, Cal
RockUn. Cal
Gunnison. Colo
Stony Creek. Conn
Huron Island. Mich...

Watab. Minn
Rockport. Mass
Keene. N. H
Madison Avenue. N.
Bedford, Ind
Bedford. Ind

Y

Red Wing. Minn
Billingsville.

Dorset.

Mo

Vt

Portland. Conn
Qunnison. Colo
Fort Snelling, Minn...
Medina. N. Y
Cleveland, Ohio
Berea, Ohio

Dkscriftion
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Besides these tests, the attempt is sometimes
made to discover the probable resistance to
rather
frosts and to acids of the atmosphere.
known
as Brard's test, is
popular experiment,
designed to simulate the action of water when

A

Fig. 1.

Manner of Loading

for

Fig. 2.

Shearing Test.

Manner

of Loading for

Transverse Test.

The process is to boil a cube of stone
half an hour in a saturated solution of sul-

freezing.

for

phate of soda. Upon drying, the salts absorbed
by the stone crystallize, and, by expansion, produce a rending effect similar to that of frost.
After the operation has been repeated for, say,
a month, the stone will have suffered a perceptible loss in weight, and,

by comparing the losses
an inference may

of several varieties of stone,

be drawn as to the relative weathering qualities.
It is rather unfortunate that the salt has been
found to exert a chemical as well as a physical
effect, which, to a certain extent, discredits the
result. For that reason, this test is not nearly
so much used as formerly. If time affords, simi-

M
w
o
o
s

m

<
m
o
«

w
o
I
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may

17.

be attained by alternate drying,

soaking, and freezing by artificial means.
The chemical action of the atmosphere

is

by immersing the samples in vessels of
water through which carbonic acid is kept constantly passing, and noting the changes of the
stone as to color, smoothness and weight.
Stones for stairs, door-sills, and sidewalks
are tested as to wearing qualities, by subjecting
tested

them to the action of sand-blasts. The most suitable stones for such uses should resist wear, and
always remain rough. The best test of this kind,
however, is afforded by the appearance of the
face of the rock in the quarry.

Preservation of Stone. The first rule to be
observed is to lay stone on its natural bed if it
be of stratified variety. This procedure makes
vertical pressures perpendicular to the stratification, and the stone absorbs less water, besides
being stronger. Neglect of" this precaution has
had a marked effect in defacing the brown stone
ashlar fronts of

many handsome

residences.

In the design of outside stonework, the attempt should always be made to leave no depression where water can accumulate; and drainage
outward from the wall should be provided for
every point on the outside surface. The grooves
often cut on the imder side of door and window
sills are for the purpose of causing the rain and
moisture to collect in drops at its edge, rather
than to be drawn inward toward the faee of the
wall.
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always well to use only stone that has
been quarried in the summer and allowed to dry
slowly under cover for several months. There is
always more or less quarry moisture in newly
It is

blasted rock; and

by the process of drying, ad-

ditional cementing material held in solution is
deposited in the minute interstices between the
grains. For this reason, the drying must for a
long time be confined to the thin outside surface
of the stone; and experience seems to show that
it is

unwise to break this skin by dressing or

carving.

There
strength

is

a

noticeable

and weathering

difference

quality

of

in

the

stones
or the

dressed in various ways. The method
tool that finishes the surface with the least impact is the best.
marble or limestone that has
been sawn is often, to a marked degree, stronger
and less likely to flake off than is the same stone
when dressed by heavy hammers. The frequent
redressing of surfaces stained by soot is a prolific cause of disintegration.
From the above, it is evident that the most
effective means of delaying disintegration of
stone is to prevent the absorption of moisture.
One case of deterioration that caused widespread
anxiety in this country, was that of the obelisk
known as *' Cleopatra's Needle," which was
brought from Egypt to Central Park, New York
City.
This monument had been standing for
many centuries, and its hieroglyphic sjnnbols
were unimpaired when it was moved to America.

A
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A few

years in the damp, gas-laden atmosphere
of the American metropolis caused rapid decay,
and means of preservation were sought. As described in the Transactions of the New York
Academy of Science (November, 1885) the siu'face was washed with a preparation consisting
of paraffine containing creosote, dissolved in turpentine. The mixture was applied, at a temperature of 140 degrees Fahrenheit, to the stone,
which had been heated to about the same degree.
This treatment is attended by considerable expense, but has been reasonably successful.
Soap and Alum.
cheap and highly effective method of making mortar and masonry impervious to moisture is known as Sylvester's
Method. This is more often applied to brick
than to stone masonry, but may be used in the
mortar in either case. It is also used for waterproofing concrete. As described in the Transactions of the American Society of Civil Engineers (Vol. I), the Sylvester process consists in
using two washes or solutions for covering the
,

A

—one

composed of Castile
soap and water, and one of alum and water. The
proportions are three-quarters of a pound of
soap to one gallon of water, and half a pound of
alum to four gallons of water, both substances
being perfectly dissolved in the water before
being used. The walls should be perfectly clean
and dry, and the temperature of the air not
surface of the walls

above 50 degrees Fahrenheit when the composition

is

applied.
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The first coat or soap-wash should be laid on
when boiling hot, with a flat brush, taking care
not to create a lather on the brickwork. This
wash should remain 24 hours, so as to become
dry and hard before the second coat or alum
wash is applied, which should be put on in the
same manner as the first. The temperature of
this wash, when applied, may be 60 degrees or
70 degrees Fahrenheit; and this also should remain 24 hours before a second coat of the soapwash is put on. These coats are to be applied
alternately until the walls are made impervious
to water.
The alum and soap thus combined
form an insoluble compound, filling the pores of
the masonry, and entirely prevent the water
from entering the walls.
While it cannot be said that this method has
become very general in use, it is to be recommended. Instead of being applied as a wash,
the alum and soap may be mixed with the cement
with good results. The present practice is to
mix an amount of alum equal to 1 per cent of the
weight of the water with the dry cement. Three
times this weight of soap is then dissolved in the
water before the latter is applied to the cement.
It is better to use greater rather than smaller
proportions of the alum and soap than those just
stated, although the effect of the mixture is to
decrease slightly the tensile strength of the mortar.

is

In case aluminum sulphate is used, one part
mixed with the cement, to four parts of hard

MASONKY CONSTRUCTION
soap, or rather

more

of soft soap.
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In using

these preventatives as a wash, it is best to follow
the original instructions and apply them while
hot.

Not a few other washes have been suggested
and tried for the purpose of excluding moisture
from walls, but the question of their complete
success

debated.

is still

Coats of hot asphalt or

undergroimd foundations
or walls, w^ith fairly good results. Sometimes
tai' felt is imbedded in the concrete of walls and
foundations for the same purpose.

tar are often applied to

STONECUTTING
Masonry

is

classified (1)

according to the

—

kind of material of which it is composed as
Briek Masonry, Stone Masonry, and Concrete
Masonry; (2) according to the manner of dressing the faces and edges as First-Class or
Se€ond-Class Masonry, Ashlar, Rubble, Square
Stone Masonry, Plteh-Faeed or Quarry-Faced
Masonry; and (3) according to the arrangement

—

—as

Uncoursed or
Dry Rubble, Range or Broken Range Work,
and many other similar terms.
In this treatise, only stone and brick masonry
will be considered in detail, concrete masonry
of the material in the wall

being reserved for special treatment elsewhere.
Manner of Dressing Stone. Stones used in
masonry are divided into three classes roughly
broken stones as they come from the quarry,
with little attempt to make them of regular

—
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stones roughly broken to conform
to some prearranged form and surface; and
stones accurately fashioned according to a defi-

shape or

size

;

nite design.

Rough broken stone

used when weight

is

is

essential, as in breakwaters, as a pavement for
shore protection, as retaining walls where space

Fig.

3.

Pointing Hammer.

....

t

7"

fe

Fig.

4.

:^^
H

•

*•

•

•

*

••*
•

Hand Pointing Tool and

»•*

f

»
,*

..

•

*,

Fine-Pointed Surface.

not a factor, and
in foundatioijs for walls. The stone may or may
not be laid in mortar. When masonry is divided
into numbered classes, such construction would
be third-class, but it is usually called rubble
is

not limited and appearance

is

masonry.
Squared stones are broken by hammers or
axes to nearly straight edges, and the sides are
made approximately plane surfaces. The angles
are not always square, and a section may be any
polygon with obtuse angles, although this form
is exceptional.
This class and the class follow-
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ing merge into each other almost imperceptibly,
the amount of care taken to secure straight

edges and plane sides determining the designaIf, however, the only tools used are those

tion.

mentioned above (hammers and axes), there is
little doubt as to the classification.
Such work
is often called second-class masonry.
Cut stones are those dressed to line edges and
smooth surfaces. The lines are usually straight,
and the surfaces are usually planes, but they

G
Vv*A\V

3
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Crandalled.

A

tool like that

shown

in Fig.

is called a crandall, and is designed to do the
work of the point more quickly and to produce a
more uniform result. The tool is made by wedg-

5

a D

a D
Fig.

Patent Hammer, and Axed and Patent-Hammered Surface,

6.

ing several double-pointed bars about 9 inches
long into a handle as shown; and it is used with
two hands.

Axed and Patent-Hammered. Axes and
hammers make straight marks instead of
conical holes in the stone; and these marks are
made parallel to one another over the entire
surface to be dressed (Fig. 6). The ax makes
one mark, and the patent hammer several
patent

marks, at each blow.

If the edge of the

cut to form teeth, the tool

is

ax be

called a tooth-ax.

I*VVAV

Fig.

7.

Bush-Hammer, and Bush-Hammered Surface.

Bush-Hammered.
heavy

The bush-hammer

is

a

about three inches square in crosswith faces cut to form numerous square,
pyramidal points. It is used for the final dresstool,

section,
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ing of a surface where the point and ax have
been used. This manner of finishing is destructive to the softer stones, causing them to weather
(See Fig. 7.)
badly.
Many of the soft sandstones and limestones
are capable of being worked by machines similar
to those used for working wood and iron. Such
stone may be planed, mortised, fluted, grooved,
and turned with great facility, and the surface
is given a smooth or ribbed finish at will.
Cut
stone tooled in any of the above-mentioned ways
is called ashlar or first-class masonry.
1

a
Fig.

8.

(a)

t»

:

I

Pitch-Faced Masonry
and Quarry-Faced

Masonry

(b).
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ing and laying the quarry-faced masonry
inb.
of

shown

Range Work. In this construction a course
any thickness, once started, is continued

across the entire face; but all courses need not
be of the same thickness, as shown in Fig. 9.

Broken Range.

When

the stone available

is
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an analogy between the distinctions of range
of rubble work; but the latter is made
of irregular-shaped stones, while the former is
composed of rectangular pieces.

is

work and

DICTIONARY OF MASONRY TERMS
The following definitions are in common use
and stonecutter's trade:
Abutment A supporting wall carrying the end
of a bridge or span and sustaining the presin the mason's

—

sui'e of

the abutting earth.

I

Fig. 11.

Uncoursed Bubble Masonry.

Fig.

12.

Coursed Bubble Masonry.

—The external edge formed by two surfaces of stone, whether plane or curved.
Ashlar—A squared or cut block of stone, usually
with rectangular dimension.
Backing— The portion of a masonrj^ wall or
Arris

structure built in the rear of the face.

It

must be attached to the face by proper bonds,
and is usually of a cheaper grade of work
than the face.
Batter The slope or inclination of the face or
back of the wall to the vertical.
Bed The top and bottom of a stone (see also
Course-Bed; Natural Bed; Foundation-Bed).

—

—
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Bed- Joint

—A

horizontal joint, or one perpen-

dicular to the line of pressure.

Bond

—The

mechanical distribution of stone,

brick, or other building blocks, by overlap-

ping to break joints.
Build A vertical joint.
Centering or Genters A temporary support of
an arch during construction.
Coping A top course of stone slightly projecting, primarily to protect the masonry from
the weather or to better distribute the load,
and sometimes added chiefly for ornament.
Course ^A separate layer in stone or other
masonry.
Course-Bed Stone, brick, or other building ma-

—

—

—

—

—

terial in position,
is

upon which other material

to be laid.

Cramps

—Bars

of metal having ends turned at

right angles to the bar, to

fit

into holes in

adjacent stones.

—

Dimension Stone Blocks of stone cut, or quarried to be cut, to specified dimensions.
Dowels Straight bars of metal fitted into opposing holes in adjacent faces of stones. The
object of a dowel is to prevent movement of

—

stones with reference to each other.
^A narrow strip cut on the face of the
stone to the width of the chisel, and usually
around the edge, leaving the part inside the

Draft

—

draft higher and rougher.
Expansion Joint A vertical joint or space to
low for temperature changes.

—

al-
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—

Extrados The upper curve of a right section of
an arch, perpendicular to the axis.
Face The exposed surface of a stone, in eleva-

—

tion.

—

Footing A projecting bottom course.
Foundation That portion of a structure, usually
below the surface of the ground, which distributes the pressure upon its support. Also
applied to the natural support itself.
Foundation- Bed The surface upon which a

—

—

structure rests.

— thin mortar either poured or applied
with a brush.
Header—A stone which has
greatest length
Grout

^A

its

at right angles to the face of the wall,

and

which bonds the face stones to the backing.
Intrados

—The lower curve of a right section of

an arch, perpendicular to the axis.
The narrow space between

—

Joint

bricks,

stones,

or

other

adjacent
building blocks

with mortar.
Lagging—Strips used to carry and distribute the
weight of an arch to ribs or centering during
construction. Also used to designate the
strips temporarily supporting soft material,
as outside the timbering of a tunnel.
Lewis A four-piece steel instrmnent used in
usually

filled

—

lifting stone.

The

lewis,

when

in use, is

into a triangular hole cut in the stone.

keyed
Lock Any

— special device or method of construction used to secure the bonding.
Mortar—A mixture of lime or cement with sand
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and water.

cement the various
stones in a structure together or to cover the
surface of the same.
Natural Bed

It is used to

—

The surface of a stone parallel to
the stratification.

—A wall on the edge of an elevated
Paving—Regularly placed stones or bricks
forming a
Pier—An intermediate support for arches or
other spans.
Pitch— To square a stone.
Pitch Stone — Stone having the arris clearly deParapet

structure, for protection or ornament.
floor.

by a line beyond which the rock is cut
away by the pitching chisel, so as to make ap-

fined

proximately true edges.
Pointing Pilling the joints or defects in the
face of a masonry structure.
Retaining Wall A wall for sustaining the pressure of earth or filling deposited behind it.
Ring Stones The end voussoirs of an arch.
Riprap Rough stones of various sizes placed irregularly and compactly to prevent scour by

—

—

—

—

water.

—
—

Rubble Field stone or rough stone as it comes
from the quarry.
Rubbed A fine finish made by rubbing with grit
or sandstone.

Set

—A change from a plastic to a hard state.
—The top course of stones on an

Skewbacks

abutment. Their upper surfaces are cut at
such an angle that the surfaces are approxi-
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mately perpendicular to the direction of
tiirust of the arch.

—A wall to protect the slope

Slope Wall

embankment or cut.
Sofl&t
The under side of a

—
—A

of

an

projection.

chip or small piece of stone broken
from a large block.
Spandrel Wall The wall at the end of an arch
above the springing line and extrados of an
Spall

—

and below the coping or string course.
Springer The first arch stone above a skewarch,

—

back.

Springing Line

—The upper and inner edge of

the line of skewbacks on an abutment.
Stretcher
stone having its greatest length

—A

parallel to the face of the wall.

—A

String Course
course of voussoirs of the
same width, perpendicular to the axis of the
arch, which extends from one arch face to
the other.
Voussoirs The individual stones forming an
They are in the form of truncated
arch.

—

wedges.

Wing Wall

—An

extension of an abutment to
sustain the adjacent earth.

INSPECTION OF MASONRY
Familiarity with the following general working rules will enable one readily to distinguish

good and bad masonry work:

Beds and j oints or builds shall be square
with each other, and dressed true and out of
(1)
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wind.

A

corner of a stone

is

strong according

as its angle is obtuse; in a wall, this occasions

an acute angle adjacent to

it,

and so

it is

better

that all stones be square.

All stones shall be dressed for laying on
(2)
natural beds. For granite and marble, this precaution is usually unimportant. With sandstone

must always be observed.
(3) The sand and cement should preferably
be mixed dry (in no case should the cement be
wet before the sand); then water added, and
the whole remixed until the entire mass of mortar is thoroughly homogeneous and leaves the
hoe or shovel clean when the latter is drawn
from it.
All stones shall be laid on natural beds.
(4)
Each stone shall be settled into place in a full
bed of mortar. That is to say, no stone shall be
allowed to touch another stone, but must have
a complete coating of mortar around it. If this
precaution be not observed, the imposed weight
will cause unequal pressure on the stones touching each other; and rupture may occur from
it

this cause.

Such defective work in placing stone can
easily be detected by moving it slightly with the
foot; if the stone touches another, the jar is dis-

This specification refers principally
to rubble work.
tinctly felt.

No stone shall fee dropped or slid ov^
(5)
the wall, but shall be placed without jarring the
stones already laid. After the mortar has par-

I
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Courtesy of American Bridge Co.

ORE DOCK UNDER CONSTRUCTION AT DULUTH, MINN.
Weight
Plate

1

of

steel

Steel Coxstrlciiox.

work,

10,000,000

pounds.
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destroy the adhesion to the

and further setting will not entirely repair the damage.
No heavy hammering shall be allowed
(6)
on the waU after a course has been laid. It is a
custom with careless masons to get a stone in
place, and then, with a heavy hammer, break off
any projection beyond the face of the wall. This
stone,

is

objectionable for the reason given in (5).
a stone becomes loose after the mor(7)

K

tar has set,
(8)

it

shall be relaid with fresh mortar.

Each stone

shall be cleaned

and damp-

The stone is moistened so
draw the water too rapidly from

ened before laying.
that

it

shall not

the mortar, and

it is

cleaned to promote adhesion

of the mortar.

Stones shall not be laid in freezing
(9)
weather, unless by special permission. If this is
allowed, the stones shaU be freed from ice, snow,
or frost by warming, and shaU be laid in mortar
made of heated sand and water, or, with proper
precautions, mixed with brine in the proportion
of one pound of salt to 18 gallons of water, when
the temperature is at the freezing point. For
each degree of temperature below freezing, an
additional ounce of salt is used.
Mortar to the depth of one inch shall
(10)
be removed, before it has set, from the joints
and beds from the exposed face of the waU.
After the mortar in the wall has completely set,

and the stone is free from frost, the joints shall
be wet and filled with mortar made of one part
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Portland cement and three parts sand. This
mortar shall be pounded in with a calking tool,
and finished with a beading tool used with a
straight-edge.
(11)

First-class

masonry

shall consist of

headers and stretchers alternating; at least onefourth of the wall shall consist of headers extending entirely through the wall. Every header
shall be immediately over a stretcher of the un-

rig. 13.

Use of Blind Headers.

Fig. 14.

Flushed Joint.

derlying course. The stones of each course shall
be so arranged as to form a proper bond with the
stones of the underljdng course. A bond of at
least one foot will be required. In general, the
stones should overlap the stones below an
amount at least equal to the depth of the stone.
Blind headers are stones of the proper dimensions on the face, but extending only a short
distance into the wall.
This practice is frequently resorted to, and the inspector must be
alert to prevent it. When the wall is over four
feet thick, it is not specified that the headers
shall extend through. In this event the header
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need go only to the stretcher on the opposite
face.

It is sometimes specified that "headers shall
hold the size in the heart of the wall that they
show in the face." The sketch a in Fig. 13
shows the violation of this rule. The stone
is represented in elevation, and it is readily seen
that pressure from above has a tendency to force
it into the dotted position.
Sketch b shows, in
plan, a wedge-shaped stone B; and it is apparent
that vertical pressure will not force it out of position if it be of uniform depth from front to
end. For this reason it is often allowable to use
stones of this shape in walls of not very highclass masonry.
Stonecutters often cut away too much from
the top and bottom of stones in order that the
plane surface marked c, Fig. 14, may be more
easily prepared.
The practice is bad in firstclass work, and can be detected only during construction or when the stone cracks on accoimt of
the concentration of pressure on too small an
;a"ea.
Such a joint is said to be flushed.
A practice even worse is shown at b in the
same figure. Here not enough has been cut
av\^ay and the pressure is again on a small area in

A

tbe interior, and the joint

is

open.

MEASUREMENT OF MASONRY
There are no universally adopted rules for
measuring stone masonry, and the custom in

MASONRY CONSTRUCTION

36

each locality must be ascertained before bidding
upon or measuring up work of this kind.

Formerly the unit of measure in masonry
was the perch, or the volume of a wall a rod (5%
yards or 16 feet 6 inches) long, a foot and a-half
thick, and a foot high, which amounts to 24%
cubic feet.

As long as the

i^
fc

Fig. 15.

is

18 inches thick.

^^:
g^

=^

l«~7'-^*-

wall

•«z

^^•^

Measuring Masonry in a Small Building.

measurement

easy enough, since the product of the length in rods by the height in feet
gives the volume in perches at once. For other
thicknesses, the linear dimensions were taken
in feet, and then divided by the proper mmaber
to reduce to perches. It is something of a task
to divide by 24.75, and gradually it became the
custom to use 25 instead. Of late, however, it
is usual to keep the cubic foot as the unit, instead of the perch; and this practice is to be
the

is

recommended.
It is easier to build a straight, plain wall

than

one containing corners or curves; and for this
reason the number of cubic feet in a wall is not

an exact index of the worth of such work.

way

of allowing for such extra

work

is

One

to count
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the openings for windows and doors as solid,
thus adding to the actual number of cubic feet
in the wall. Another rule sometimes adopted m
to take out the openings, and add a cubic foot
for each linear foot of corners to be finished, including the vertical sides of the windows and
doors.

For example, let Fig. 15 represent the plan
and elevation of the front of a small building to
be measured.

volume

According to the

first rule,

the

is

(8+25) X 12x11/2=594 cubic

feet.

By the second rule, it is
594— (4+18+48) Xiy2+12x6+32=593

cu. ft.

If the extras for the corners be counted 18 inches
thick, the result will be 52 cubic feet more, or

645 cubic feet.
If the corners are in foundations under
gi'ound, they are usually left so rough that no
allowance is made for building them.
Usually openings not wider than twice the
thickness of the wall are measured as solid; and
some allowance is agreed upon as extra to be
added for building corners, curves, or other unusual work.
It is seen from the above example, that as
much as ten per cent of the total volume may

depend upon the method adopted in the measurement. Accordingly, care should be taken that
all parties concerned are, from the first, acquainted with the practice to be adopted.
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STONE STRUCTURES
The Foundation Bed. The treatment of the
on which masonry is to rest, depends upon
the character and weight of the structure to be
erected. The experience with similar buildings

site

on like grounds, is the best guide in judging of
the bearing power of any soil. Where definite
experience of this kind is lacking, care must
first be taken to ascertain, by pits or borings, the
character of the material underlying the surface of the ground. Then, having determined
the weight of the structure to be supported, the
engineer exercises his judgment in designing the
footings so that the unit-pressures will not be
excessive.

This subject was discussed at length in the
Transactions of the American Society of Civil
Engineers (1905), and the following loads in
tons per square foot were recommended as safe
For
For
For
For
For

1 ton per sq. ft.
soft clay
ordinary clay, and dry sand and clay 2 tons per sq. ft.
3 tons per sq. ft.
dry clay and dry sand

hard clay and coarse sand
firm sand and gravel

4 tons per
6 tons per

sq. ft.
sq. ft.

A chimney in Lawrence, Mass., has been
standing many years with no apparent settlement. It stands on soft material confined by
sheet piling 5 feet long. The sand was covered
with concrete 35 feet square and 1 foot thick;
and on the concrete is granite seven feet thick.
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The weight on the soil is 2,150 tons or 1.8 tons
per square foot, average pressure. The effect
of the wind is thought to be such as to make the
maximum pressure 2.4 tons. There are instances in Boston, Mass., where soft clay carries from 2^4 tons to 4 tons safely. The building
laws of the given locality must always be consulted before designing foundations for any
building.

Improving the Bearing Power of

Soil.

When-

ever the required load exceeds those given above,
means must be taken to improve the characterter of the soil, or to provide other support. The
bearing power of even soft material is much improved by enclosing it Tvdth a row of short piles
to prevent lateral movement and to make possible the dr^age of the enclosed area. If the
site be above an outlet for the water, drainage
may be provided by means of tile around the
This is also an effective way of imoutside.
proving the foundation bed. Again, covering a
wet, unstable, foundation bed with concrete or
even with sand, to a depth of one or two feet,
has a marked effect upon its bearing power.
Smeaton mentions a stone bridge built upon a
natural bed of gravel onl}^ about 2 feet thick,
overlying deep mud so soft that an iron bar 40
feet long sank to the head by its own weight."*
*

'

Foundations on Piles. In many cases it is
cheaper to drive piles to secure a suitable bearing than to remove the soft material overlying a
*Trautwine

's

Engineer's Pocket-Book.
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proper foundation bed. The safe load that a pile
will support has been the subject of some experiments and much speculation; but no unfailing rule has been deduced. The expression designed to show this load that is in most common
use is known as the Engineering News formula:

2Wh
P=

,

s+1

W

which P is the safe load on the pile, and
is
the weight of the hammer of the pile-driver, both
being taken in the same unit, usually tons; h is
the height in feet through which the hammer
in

and s is the penetration in inches of the
under the last blow. That is, the safe load in
tons on a pile is equal to twice the weight of the
falls;

pile

hammer

in tons multiplied

and divided by

by the

fall in feet

1 plus the penetration of the pile

in inches under the last blow.

For example, if a hammer weighing 2,000
pounds, falling 20 feet, causes the pile to sink'
1.5 inches under the last blow, then the safe load,
by the formula, will be
2x1x20

P=

,

.,

^

=16 tons.

1+1.5

A pile under similar actual conditions is said
to

have been loaded with

7.5 tons,

with the re-

sult of causing much settlement. Another pile,
driven with the same weight and fall, sank 26
inches under the last blow, but carried 7.5 tons
safely. The piles under the coal pockets on Lin-

coln wharf, Boston, Mass., are said to carry 12
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tons each, safely; and loads of 40 tons are being
©aiTied on single piles elsewhere.

To get the full benefit of piling, the piles
should be bound together by a layer of concrete
extending from the tops one or two feet down
which the piles are driven. Fig.
16 shows a section of such construction.

to the earth into

EAf^rH.

EARTH*.
Fig.

16.

Use of Concrete

Wooden

Pile Foundation.

in

Fig. 17. Simple Method of Concrete Piling.

In Chicago a modification of piling is adopted
which consists of digging a series of wells from
3.5 feet to 8 feet in diameter,

down

to suitable

material.
At the bottom, these wells are enlarged considerably to secure better support, and
the whole w^ell is then filled with concrete. Such
a well is shown in Fig. 17. The bed-rock is from
90 feet to 110 feet below the surface, and, of late,
the foundations of the heaviest buildings have

been carried to this depth.
Mechanics of Beams. Before taking up the
design of structures, it will be well to review
briefly the mechanics of beams as given in elementary textbooks on the subject.

-h
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These formulas are based upon the assumption that the stresses produced are proportional
to the loads producing them.

when

the

beam

is

This is true only
not strained enough to be per-

manently deformed by the

load.

The neutral axis of a beam

is

the plane

through the center of gravity that is in neither
tension nor compression when the beam is bent.
If
be the load at the middle of a simple
beam supported at the ends; 1 the length; b and

W

the width and depth in iiDches respectively;
S, the stress per square in^h; M, the bending
moment; I, the moment of inertia; and c, the
distance from the neutral axis to the extreme
d,

fiber,

|/m

=S I/c
=1/6 S b A^
Wl=l/6
S b d5
\
=2/3 S b

M

W

I

The above equations may be readily applied
If a small beam be assumed as one
foot long, an inch wide, and an inch deep, the
as follows.

weight at the middle necessary to break it is
given by dividing the values in Table II, for
transverse strength, by 18. For example, if this
beam be of granite from Milbridge, Maine, the
breaking load would be 2,069-7-18=115 pounds.
This result is not strictly true, since the above
relations apply only when the elastic limit of
the material is not exceeded. However, by dividing again by a proper factor of safety, the
safe load may be found. Thus, dividing the 115

/
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by 4 or 5 shows that the above beam should
safely support from 23 to 29 pounds.
In practice, of coui'se, the beam would have
other dimensions, and the formula shows that
the result obtained above should be multiplied
by the breadth and by the square of the depth,
and di^dded by the length. Table V and the accompanying illustrations (Figs. 18 to 23), show
the effect of different loadings and ways of supporting the beam.
TABLE V
Transverse Strength of

Beam and
Loading

Beams

of Uniform Cross-Section

>
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factor is Ve, which is always to be multiplied by
the width and by the square of the depth, in
inches, and divided by the length in feet. So the

ultimate uniform load

is

'^ixV6x8x6x6x2,335=22,416 pounds.

VV

\y

/I

I

1^1
Fig. 18.

Fig. 19.

Fig. 20.

Fig. 22.

Fig. 23.

W
Fig. 21.

Methods of Loading and Supporting Beams.

Different

For safety

this is to be divided

by

4,

so that the

safe load is

•

W=22,416-r4=5,604 pounds.

be required to find the deflection of the
same beam, or the bending moment of a beam
of other than rectangular cross-section, it is necessary to know the meaning of the symbols E
If

it

The first letter indicates
elasticity; and the latter, moment
and

I.

coeflicient of

of inertia.

It is a well-known fact, verified by experiments, that all materials will change in length
when loaded; and that this change in length is
exactly proportional to the loads, if the latter

X
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be not too large. This fact is known as Hooke's
If a pound weight be placed on a small
piece of rubber, the latter will be seen to change
its length materially. If the weight be placed on

Law.

a piece of iron of the same size, the iron will
its length just as surely, but by a much

change

smaller amount.
Now, if P be the weight on
an area A; 1, the length of the ma-

r

terial in the direction of the load;

the deformation caused by the
load; S, the load per imit of area
of cross-section; s, the deformaX,

tion per unit of length;

and E,

the ratio of unit-stress to unitelongation, or the coefl&cient of

from the

elasticity, then,

P=AS; and

x =sl.

a"
Fig. 24.

ing

niustrat-

Moment

of

Inertia.

definitions,

E=S-r-s;

Then, by substituting, we

have:
PI

X=-

AE
Let the area in Pig. 24 be made up of
small areas as

from an axis

a', a'', etc.,

xx'.

the square of

its

each distant

many

y', y'', etc.,

If each area a be multiplied

by

con^esponding y, and the results
will be what is known
of inertia of the area about the

added together, the sum

moment
The moments of inertia for sections in
common use are given in Table VI, the axis

as the

axis XX'.

being through the center of gravity unless otherwise stated.
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TABLE VI
Moments
Section

Section

I

-i'*i

bd'

</
12

W-»<

</

_1^

VS4

Y'

of Inertia of Various Sections

bd'-b'd"
12

I
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The footing courses

of a building are so proportioned that the above-

named

allowable unit-pressures on the soil are
not exceeded. In other words, the total weight,
divided by the safe load, will determine the total
area of the footing. In most cases where the

foundation

is

not on rock, there will be more or

Design of Footing to
Prevent Uneven Settling

Fig. 25.

Pressures and EeacFig. 26.
tions in Walls and Soils.

of Walls.

and the best that can be done is to
make this uniform over both outside and inside
walls. The weight on each wall should be estimated as nearly as possible, and the width of
less settling;

the footings

made

to correspond.

In Fig. 25 the cross-wall a has settled less
than the outside wall b, and an irregular crack
has been occasioned as shown. The remedy is to
increase the width of the footing of b, or to
decrease that of a.
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The effect of the relative positions of the
downward weight and of the upward reaction
of the soil, is shown in Fig. 26. It is nearly impossible to make these exactly opposed to each
other; but it is manifestly better that the wall a
have a slight tendency to lean toward the opening than from it. This is the result when the
upward reaction is at b rather than at c, when

w
I

I

k

I
I

V

d
I

oc a
Fig. 27.

dc

b

Eccentric Loading.

Fig. 28.

A

Footing Acting as a

Cantilever Beam.

the weight of the wall is centered at W; and it is
clear that the footing should be narrower or alto-

gether omitted under the doors and windows.
very definitely, since there is always considerable rigidity in the masonry, which makes it impossible
to fix the exact point of application of the upward reaction of the soil. However, in general,
the ends of a wall should have rather better
support than the middle parts; and the outside
walls better than those in the interior.
It is impracticable to state this rule
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Eccentric loading. In city lots the space is
so valuable that the footings do not extend much
outside the walls. The result is that the loads
due to the weight of the building are applied as
shown in Fig. 27, and the pressure at a is greater
than at b. When be is twice ac, the pressure at
a is twice the average pressure on ab, and that
at b is zero. This question will be more thoroughly investigated below, under the heading
"Retaining Walls." The addition of width, as
db, actually increases the unit-pressure at a
unless db is twice ad.
Strength of Footings. In designing footings, it has been the custom to consider the part
projecting beyond the pier as a cantilever beam
(see Fig. 19). Thus, in Fig. 28, the length of the

beam has been taken

as ad.

Experiments prove

that the footings often do fail in this place, but
through shear rather than bending. If the footing be considered as a cantilever beam (Fig.
upon it, the length should
28), with a load
be taken as ac, rather than ad as many do, since
the breaking frequently begins at c before it
does at d. It is a good rule to make the slope

%W

hk 45

degrees.

Strength of Masonry Walls.

The strength

of the stone of which a wall is built,
index of the strength of the wall

is

not a sure

itself.

The

thickness of the joints, the strength of the mortar, and the thoroughness of the workmanship
are as important as the character of the stone
The Austrian Society of Civil Engineers
itself.

50
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has published the results of tests made on stonework, which go to show that the loads used in
practice are well within the limits of safety, if
the workmanship be good. The strength of the
stone itself was found by crushing blocks 11.81
inches square and 15.75 inches high, with results
as shown in Table VII, in pounds per square
inch:

TABLE vn
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floors, and roof, is called the dead load.
The
weight of people, furniture, goods, machinery,
movable safes, the effect of the wind, and anything readily movable, is the live load or movable
load. The total dead load is quite well known by
the architects but the manner of its distribution
over the walls and partitions is indefinite, owing
;

LOAD

Fig.

29.

Masonry Piers Tested

Fig. 30.
liy

Anstrlan Society of Civil Engineers.

frame of the building. The
and the route by which
it is carried to the partitions, walls, and foundations, can be ascertained only approximately.
In designing footings and walls, it is usual
to the rigidity of the

amount

of the live load,

to provide for the live or moving loads, excepting those due to wind, by arbitrarily increasing
the known dead loads. The weight of live loads
is usually exaggerated unless they are actually
weighed. An examination of these loads in the
Marshall Field wholesale store in Chicago,
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proved them to be but 57 pounds per square foot,
while double that amount would usually be
provided for.
The Chicago building laws permit a load of
25,000 pounds per square foot on well-surfaced,
squared stone masonry set in standard cement
mortar. For less carefully surfaced stone, the
load allowed is 20,000 pounds per square foot.
The same laws provide that for buildings used
for the sale, storage, or manufacture of merchandise, the floors shall be so designed and constructed as to be capable of bearing a live load
of 100 pounds per square foot of floor surface,
in addition to the dead load. The dead load
includes the weight of the floor itself, partitions,

permanent

fixtures,

and mechanisms.

RETAINING WALLS

A wall such as that shown in Fig. 31 is called
a retaining wall because its office is to keep a
bank of earth in position. The earth to be
retained may be that already in place before the
wall was built, as where a cut is made in the
side of a hill; or the wall may be constructed,
and the earth back of it deposited later.
Granular material, such as sand, coal, grain,
and such substances, when unsupported on the
sides, will assume a conical shape, and the angle
made by the slanting side of each cone and the
horizontal is peculiar to each substance, and is
called the angle of repose of that material. The
natural slope or angle of repose of earth is
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usually assumed to be such that the base is one
and a-half times the height.
In Fig. 31, the earth below the line cd will

exert no pressure on the back of the wall, and
hence the weight of the wedge-shaped mass
above that line only is to be considered. If the
material back of the waU be liquid, the line cd
is evidently horizontal.
Water is the only ma-

\

—A
\

T
Detail of a Betaining

WaU.

\

32.
Forces Tending to
Cause Sliding of a Se-

Fig.

taining

WalL

with which exact computations of the
waU can be made, since the
angle of repose of other material changes with
the degree of moisture in it. Such an investigation of the pressure of water would belong
rather to a discussion of the subject of Dams,
and will not be presented here. Although the
computation of the pressure of earth is unsatisfactory, experience has taught some rules that
lead to safe design of retaining walls.
There are three ways by which a masonry
retaining wall or dam may fail, even if it be not
imdermined or disintegrated namely:
terial

pressui'e against a

—
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By sliding bodily along its base or along

(1)

any horizontal

joint;

By

overturning about its outer edge,
either at the base or elsewhere.
By the crushing of the outer edge,
(3)
reducing the area of the base, and causing
(2)

overturning.
Stability against Sliding. In Fig. 32, let the
pressure against the back of the wall be T; the
weight of the wall be W; the horizontal resistance to slide be H; and the coefficient of friction

w
f\

Fig. 33.

be

f.

Illustrating Coefficient
of Friction.

Fig. 34.

Designing a Eetaining

Wall against Eotatlon.

Then, for equilibrium,

H=T=fW;

H cos a=W sin a; and H=W tan a.

also,

Hence,

if

T be constant, the stability is improved by slanting the courses upward from the back toward
the front, or by increasing the weight W.
If a force

P be sufficient to

W

cause a weight
to move along a horizontal plane, then P-f-W is
said to be the coefficient of friction between the
two substances (see Fig. 33). Again, if the
weight be on a plane that is gradually inclined
to the horizontal, it will become more and more
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and will finally begin to
angle at which sliding begins be

insecure,
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slide.
a,

If the

then tan a

equal to the coefficient of friction. This
*'The coefficient of friction is
is usually stated:
equal to the tangent of the angle of repose."
is also

The coefficients of friction for some
conditions are given in Table VIII.

common

TABLE vin
Coefficients of Friction

Rough granite on wet sand
Rough granite on dry sand

0.41
0.65
0.51
0.82
0.70
0.5S
0.64

Masonry on dry or clayey gravel
Masonry on moist clay
Point-dressed granite on moist clay.
Fine-pointed granite on moist clay
Common brick on moist clay

any danger of sliding, a wall may
be made more secure by using mortar in the
joints, and sinking the wall into the earth.
From the above equations, it is seen that, so
If there is

far as sliding is concerned, the shape of the
cross-section of the wall is immaterial.
In Fig. 34, the
Stability against Rotation.

wall

in equilibrium as to rotation when
If the height of the wall be fixed, T

is

W x=

and y
must be known or assumed; then the problem is
to proportion the weight and its point of appliX will be large enough. The
cation so that
weight is increased by making the wall thicker
or of heavier material. The distance from the

T y.

W

toe of the wall to the vertical through the center
of gravity, is increased, while the volume of the

wall remains constant,

by making the top nar-
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row, the base wide, and a heavy batter on the
front.

by overturning were the only thing
to consider, a triangular cross-section, as a b c in
Fig. 35, would be proper; but a material thickness at the top must always be provided to withstand shocks, the action of frost, etc. For this
If failure

\e-

X—

Method of Strengthening Top of Retaining Wall.

Pig. 35.

Fig. 36.

Designing a Eetaining

Wall against Crushing.

bank of earth is
usually built mth a top thickness of at least two
This
feet, and little or no batter on the back.
design makes x large and promotes stability.

reason, a wall sustaining a

Where
wall

the available space for the base of the

is limited,

the batter

as along the edge of a city street,

must be on the

side

make x as
wall must be made thicker.

In this

case, to

Stability

forces like

against

toward the bank.

large as before, the

Crushing.

Where two

W and T in Fig. 36 act at one

point,

may be combined in one resultant,
which takes the place and has the effect of the

the effect
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W and T are replaced by

their resultant R, which pierces the base at

W.

point to the left of

some

This distance (a) de-

W

pends upon the relative magnitudes of
and T
and the height of T above A B. If a be half of
the base, the pressure is evenly distributed over
the length A B; but as a becomes smaller, the
pressure at A becomes lai'ger, and that at B
becomes correspondingl}^ less. It can be proved
that

when

the resultant

A

A, the pressure at
sure,

and that

B

at

A

one-third of
B from
twice the average pres-

is

is

becomes

At

zero.

this time

waU

are Just upon
the point of opening, and, imless the waU is held
together otherwise than by gravity, it is in an
the joints on the back of the

unstable condition.
In the design of gravity waUs, it is an inthe middle
variable rule to keep the resultant
third of the base. When a is greater than onethird of the base, the imit-stress at
is

m

A

2

S=
in which

S

the length

is

—1—

(2

3 a),
11

the stress per unit of area, and

1

is

A B or the base of wall.

When a is
becomes

W

less

than one-third of

1,

the stress

:

2W
When

a

is

just one-third of the base, the

same by either formula.
These formulas show that, for a given weight

results will be the
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must be made large
narrow
as possible and most
by having the top as
of the batter on the outside.
The value of a is found as follows The distance X from A to the vertical through the center
of gravity of the cross-section is given by the
of wall

and a given

thrust, a

:

formula:
nb+b^

n+l.

^""sCb+l)"*"^"-

Then, in the triangle formed by
z

:y=T

W,

is

A B,

:W

Then x-z=a, and the point where
base

R, and

R pierces

the

known.

To compare the

modes of failure, let
stone masonry weighing

several

a wall be assumed of
150 pounds per cubic foot; let the back be vertical, and the thrust against it 10,000 pounds for
each linear foot of wall, applied 10 feet above
AB; and let the height, top, and base be 30 feet,
4 feet, and 12 feet respectively.

Then,

W=36,000 pounds per linear foot
8x4+4x4

^ 3(4+12)+

8+12
3

x=7§ feet
z =10,000x10+36,000=279

Then a =4:^^

feet.

Then for sliding, taking the

coefficient of fric-

tion as 0.6, the factor of safety is 36,000x0.6-4-

10,000=2.16.
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For overturning, the factor of safety is
-r- T y, or 36,000 X7%--I0,000x 10=2.76.
For crushing, 8=72,000(24— 142/3)-v-144=

Wx

4,667 pounds per square foot, while the stone

would sustain 100 times as much. It might be
assumed that the factor of safety is 100; but such
is

not the case, for,

if

the thrust be increased to

13,000 pounds, the joints at the back are

upon

the point of opening, letting in water and creating entirely different conditions, and the real
factor of safety is only about 1.3, instead of being

seen that an investigation
of the unit-pressure on the base is important.
Safe Thickness for Retaining Walls. The
actual pressure of earth against retaining walls
is not well known; but experience shows that it
is not safe to design walls with a thickness on
top of less than 2 feet, and with a base of less
than 0.4 of the height. Some high retaining
walls in the city of Quebec have failed after
standing for many years. The heaving action of

very large.

frost is

So

it is

mainly responsible for these

Once a wall

is

forced forward, ever so

failures.
little, it

seldom regains its proper position; and each
year finds it farther out of plimib, until its
equilibrium is destroyed.
In building walls to retain banks of earth
already in place, it is a common saying among
workmen of experience: Never let the bank
begin to move. This applies to the work during
construction, and implies that the bank when
first cut has a stability, due to the adhesion of
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which it does not long retain. If
allowed to begin to slide, it is very difficult
to hold it with falsework, and the wall must
be made heavier than would otherwise be
its particles,
it is

necessary.

In Louisville, Ky., the sliding of a large retaining wall was effectively stopped by erecting
a barrier in front of the sliding wall, consisting
of another wall of reinforced concrete on piles,
and filling in back of same.
Dam Failure. Fig. 37 shows the crosssection of a masonry dam on the Colorado river
above Austin, Texas, which failed April 7, 1900,

A

Fig. 37.

Cross-Section of

Dam

at Austin, Texas.

letting loose a reservoir of water 30 miles long,

and 50 feet deep. At that time
the flood water was so high as to cause a thrust
of perhaps 200,000 pounds on each foot of the
dam. From the above investigation, it is probable that this pressure was not enough to cause
failure by any of the three ways enumerated. A
subsequent investigation showed that the foundation of the dam had become impaired on the
down-stream side, the dam settled and cracked,

half a mile wide,
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a part of it was overturned, and part was
bodily down stream.

moved

THE MASONRY ARCH
The arch is a structure used primarily as a
device for covering openings too long to be
spanned by beams of reasonable dimensions.

Masonry of

all

rig. 38.

kinds

is

much

stronger in corn-

Half-View of an Arch, Showing Parts.

pression than in tension; and by the use of the
arch, stresses of the latter variety need not be

used.
Fig. 38

shows half an arch, and the parts

represented are

Keystone
Arch-Ring
Intrados

named

as follows:

The stone at B C.
The stones at A D C B—I G.
The curve, as A B, on a section parallel to

Extrados

The

A D C B.

D

C, on a secC B.
tion parallel to
curve, as

AD
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Crown

The part

Haunches

The part of the arch-ring

Skewback

The surface

Abutment

The wall

of

the

arch-ring

near C.

near V.

A D G on which

the arch rests.

K

below the skew-

back.
Soffit

Spandrel
Spandrel Filling.

The surface A B I G.
The space between the arch
and the roadway.
.The material H within the
spandrel, to support the

roadway.
Spandrel Wall
Springing Line
Voussoir

.

.

.

.

The masonry wall F.
The line AG.
.The separate stones
.

.

of the

arch-ring.

Span
Rise

The width of opening S.
The height (r) of B above A.

Arches are designated according to the shape
of the intrados, as circular, elliptical, etc.; according to the angle included between the radii
at the springing line, as full- centered, if the
angle be 180 degrees, and segmental, if the angle
be less; as right arch or skew arch, according as
the axis of the cylinder forming the soffit is at
right angles or otherwise to the face or spandrel
wall F.
Investigation of the Arch. As is the case
with walls and dams, arches fail oftener by set-
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tlement and by being undermined than by methods of failure that can be investigated analytically. Assuming that the abutments and foundations are secure, arches fail, as do retaining
walls, either (1) by the sliding of one stone upon

Arch Too Heavily
Loaded at Crown,

Fig. 39.

Arch Too Heavily
Loaded at Haunches.

Fig. 40.

another; or (2) by the rotation of one of the
stones of the arch-ring about its edge; or (3)
by the crushing of one of the stones of the archring.

Failure by Sliding. If the arch be too
heavily loaded at the crown, as in Fig. 39, the
part B has a tendency to settle and other parts,
and C, may be forced outward if the abutas
ments are immovable. If, on the other hand, as
in Fig. 40, there be relatively too much load at
or C, these parts settle, and B may be forced
upward. These results are ac(1)

;

A

A

complished only when the component of the resultant parallel
to a joint is greater than the
normal pressure times the coefficient of friction,

or

when

H

greater than Nf in Fig. 41.
of f for various materials are found in Table VIII.
is

The values

Fig. 4i. Eeactions in
^

^

J^l^^
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The factor of safety against sliding is Nf-i-H.
Apparent cases of such sliding as is shown in
Figs. 39 and 40 common in arches over doorways in buildings are often caused by the

—

—

spreading of the sides of the doorway, rather
than by excessive loading originally.
Failure by Rotation. By reference to
(2)
the investigation of retaining walls, already
given, it will be seen that rotation occurs only
when the resultant pierces the base at or beyond
the limits of the area. The tendency to rotate
depends upon the position of the resultant pressure, or upon a in Fig. 36. When a is one-half
of L, there is no tendency to rotate and when a
is zero, the equilibrium is unstable, and rotation
In general the factor of
is about to take place.
safety against rotation is given by:
;

Factor of safety=L^(L-2a),

When a is

one-third of L, the factor of safety

3 against overturning.
Failure by Crushing. When the mag(3)
nitude, direction, and point of application of the
resultant of the forces above any point are
known, the investigation of the crushing effect
is like that in the case of the retaining wall, and
need not be repeated. It should be kept in mind
that the crushing is due to the eccentricity, as
well as to the magnitude, of the load. If the
outer edge be broken by excessive pressure or
by the action of water and ice in. the joints, the

is

area over which the load

is

distributed

is

K

2

A

16-INCH ''THEEE-HIGH"

MEKCHANT

Courtesy of United Engineering

&

Foundry

A 48-INCH UNIVERSAL MILL.
Plate 5

Steel Coxstrcctiox.

MILL.

Co.,

Pittsburgh,

Pa.
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reduced, and failure may take place by rotation
or by further crushing.
External Loads on Arches. Whether the
arch be intended to support the masonry over a
doorway; or the spandrel filling, road foundation, and pavement, with the traffic; or a railroad track or train, there are very many uncertainties as to the amount and distribution of the
load.
The usual assumption regarding the
effect of a brick wall above an arch, is that the

arch should be designed to carry the weight of a
triangle of the masonry, whose length is the
span, and whose height is half the span. If the
arch be flat, this load may be considerable.
The weights of the filling, pavement, track,
and mo\dng loads may all be determined with
considerable accuracy. The uncertainty as to
the way in which these weights act upon the
arch, makes necessary some assumptions which
may not be exactly true.
If the load is of sand, or is carried to the arch

through considerable thickness of sand, it is reasonable to suppose that it exerts some horizontal
pressure. If, on the other hand, the loads are
carried down by a spandrel filling of loose rubble
masonry, the horizontal pressure must be small.
Experimental Tests on Arches. Perhaps the
most notable tests of arches were made by the
Austrian Association of Engineers and Architects during 1900-1905. The following account
of the results

is

abstracted from ''Engineering''
21, 1896)

(London, February
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The long arches tested were

and 74.5
They were built

6.65 feet wide,

feet span, with a rise one-fifth the span.

between solid rock walls so that all deflecwere due to the effect of the load on the arch. A
platform supported on six sets of columns, the feet of
which rested directly on the extrados of the arch, extended in each case from one abutment to the crown and
the testing was effected by piling rails on this platform.
The first experiments were made upon an arch of
cut stone, and upon one of brick. The stone used was a
fairly hard limestone of excellent quality. The voussoirs
of both arches were 1.97 feet thick at the crown, and 3.6
feet deep at the springings. The mortar used was mixed
in the proportion of 500 pounds of Portland cement to 35
in a quarry,

tions

;

cubic feet of clean sand.

The stone arch gave way when the load piled on the
platform reached an amount equivalent to 1.99 tons per
foot run; and the brick arch, when the load reached 1.81
tons per foot run.

Up

to the point of rupture, the stone

arch gave no signs of incipient failure but, in the case
of the brick arch, cracks declared themselves previously,
;

which were apparently caused by the failure of the
mortar, the bricks themselves being intact.

The arches were 51 days old when they were broken.
In failing, radial cracks appeared on the extrados of the
loaded side, near the skewbaek, and on the haunch of the
unloaded side.
The conclusions were that such masonry arches will
safely bear a load causing a stress of

from

^/lo to

V* the

ultimate crushing strength.

DESIGN OF ARCHES
Thickness of the Arch-Ring. It is quite possible to design a masonry arch with considerable
accuracy; but many are built without computing
the stresses. An arch that has stood the test of
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taken as an example of safe dimensions,
and others of similar span and rise are fashioned after it. Nearly all small arches are built
stronger than necessary, as it is cheaper to do so
than to cut the stone very accurately to just the
dimensions necessary. Few arches are built
with less than one foot for the depth of the
time

is

arch-ring.

Trautwine's rule for the thickness of arches
of first-class masonry is: t
Square root of
I/2S),
di\dded by 4, and with 0.2 added, in
(r-f
which t is the depth at the crown, r is the
radius of curvature of the intrados, and s is the
span, all dimensions being in the same imit of
measurement.
If the masonry be second-class, the depth
given by this formula should be increased by

=

one-eighth; and

if

of soft brick,

by

one-third.

For example, let the span be 50 feet and the
radius be 30 feet; then, by the rule, t
0.2+
2.05 feet.
The
14 square root of (30+25)
thickness is usually increased from the crown
to the skewback.
Dimensions of Existing Arches. Table IX
gives data regarding some arches that are still
standing after yeare of service. WTiile it is evident that they are strong enough, it is not definitely kno'wn how much lighter they might have
been built with safety. The above formula gives
1.8, 2.47, 3.48, and 4.18 feet respectively for the
proper depth of arch-ring for the four spans of
Table IX.

=

=
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TABLE IZ
Data Regarding Various Existing Arches

Location
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Having computed the proper thickness
springing, the batter of the abutment

shown

Tlie thickness

in Fig. 42.

ab

is

at the

found as

is laid off;

then b c is half the rise, and cd is V24 of the
This batter is produced downward to the
bottom of the abutment, and the point d is joined
with the extrados at the crown by a curve. The
width of the bottom ef must not be less than

span.

2/3

af

For example,

let

the height of the abutment
IX be 12 feet. Then

of the second arch in Table

the batter on the back will be 12x3-^8.25=4.36
feet; and the width of the bottom will be, by the
rule, 4.36+2.47=6.83 feet: but the second re-

quirement makes
12. or 8 feet wide,

it

necessary to build

it

% of

Brick Masonry
Bricks have been used as building material

many

and no known substitute
seems liable to make them less popular. They
are durable, of good appearance, and comparatively cheap.
The fact that brick masonry is
but little affected by the chemical agents that
often destroy stone is well known. As heat is
used in the manufacture of brick, such material
for

is

centuries,

well able to withstand the attack of fires that

would destroy granite. Wliile stone is no doubt
preferred by many for its appearance, very
pleasing effects may be obtained from the use
of brick, and at considerably less expense.
Brick may be defined as a variety of artificial stone produced by baking clay.
While
made in a great many shapes and sizes, the
blocks are generally of rectangular cross-section
approximately 8^ by 4 by 2^ inches on the
three sides.
These small and regular dimensions are factors that make handling, transportation,

and laying comparatively easy.

No

slow and expensive dressing is required; no
heavy hoisting apparatus is necessary for loading; and the separate loads can be made greater
or smaller as occasion requires.

A

Composition of Brick.
pure clay, or one
containing only silica and alumina, is seldom
found, and, if used, would become distorted and
70
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cracked in the process of burning. The clays
used in making brick usually contain some lime,
magnesia, and oxide of iron, together with small
proportions of many other substances not especially desirable. Silica, if not in too great proportion, makes the brick burn with less warping
Too much
than would otherwise be the case.
uncombined silica (more than 25 per cent) tends
to make the product brittle. Lime has a bad
effect by causing the brick to change shape in
the burning and to show a tendency to disintegrate afterwards. Iron produces strength, and
its presence is indicated by the red color.
Usually the red brick are like the red varieties
of stone

—the stronger.

—

firebrick a more nearly pure clay
Iron is in this case not desirable;
and not more than 6 per cent of lime, soda,
potash, and magnesia combined should be used.
Silica may be in excess if the property of resisting heat be the only consideration.
Color of Brick. The color depends upon sev-

To produce

is

necessary.

eral factors,
(a)
^

(b)
(c)

which are as follows

The composition of the clay.
The amount of heat applied in burning,
The sand sprinkled over the outside of the wet

brick.

In general, oxide of iron is the controlling factor in determining the color of the brick.
Clay usually contains but a very small proportion of iron; and this, upon biirning, produces
(a)
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the dull reds that are characteristic of common
brick.
If oxide of iron is present in larger

—

—

percentage say 10 per cent the darker blueblack shades result. Lime with iron produces a

brown or cream color; and magnesia has
a somewhat similar effect.
(b) Clay containing constituents tending to
produce a red color will become darker as more
intense heat is added. Heat alone will not produce this effect, as is shown in the light-colored
lighter

firebricks.

In some processes of manufacture, sand
is appUed to the forms or moulds, to prevent the
wet paste from sticking to them. If, as often
happens, this sand is red, the brick that might
(c)

otherwise be of light tint takes the color of the
sand rather than that of the clay, and the outside is red.

The clay in

this country suitable for brickmostly glacial material that has been
washed down by the streams and redeposited,
while its character has undergone little or no
change. This is called alluvial clay, and the
larger pebbles and grains of gravel have been
left behind by the stream while the fine clay

making,

is

was in suspension.

MANUFACTURE OF BRICK
Most of the brick in common use
made of soft paste of clay and water. When

Methods.
are

water

is

used very freely, the manufacture is
by the wet or soft-mud process.

said to be
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is not so wet, the stiff-mud
used; and when only 4 per cent to
6 per cent of water is in the clay, the method is
known as the dry-press process. In this last
process, the clays are sometimes actually dried
rather than dampened before being made into

process

the clay
is

brick.

Many

of the small brick-making plants use

the w^et or soft-mud process, on account of the
resulting plasticity

and ease with which the clay

moulded. The best results, however, cannot
be secured by this method; but some very serviceable brick are thus made.

is

The larger and better-equipped plants use
a stiffer mixture, requiring considerable force
to fashion the clay into the desired forms. As
compared with the "wet" process, this method
requires less water to be taken from the mud
brick, and is more economical of time and fuel.
Moulding and Drying.
In the dry-press
process, the clay is forced into chambers, and
compressed by a plunger imder heavy pressure,
75 tons or so being applied to the side of a
brick.

In the stiff -mud process, the clay is forced
from the moulds by a screw or auger mechanThis strip of clay
is carried along on a belt or other type of conveyor, and is cut at proper intervals by fine
wires passing through it while it is stiU in
motion.
In using the soft-mud process, the wet clay
ism, in a continuous strip.
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forced by a plunger into a set of moulds. As
the plunger is raised, the clay on the top of
the moulds is struck off, the full moulds are
withdrawn, and the empty ones put in their
place before the succeeding descent of the
plunger. To prevent the sticking of the mud to
is

the moulds, the latter are passed through sand
at frequent intervals.

The latter two methods merge into each
other, and the above description of the mouldthe usual but not unvarying custom.
Re-pressed bricks are made of soft mud that
has been partially dried and then re-formed

ing

is

under great pressure. These bricks are very
uniform in shape, but are not particularly strong
or hard.
Drying.
it

may

As the

brick comes from the mould,
contain as much as 30 per cent of

moisture.

To subject

it

immediately to intense

heat would cause steam to form, and explosions,
warping, and cracking would ensue. In order
to avoid these results, the bricks are dried for
several days on stacks or shelves which allow
free circulation of air.
The drying may be
hastened by surrounding the stacks with steam
pipes, which may be arranged according to
many different designs. After most of the
moisture has evaporated, the bricks are removed
to the kilns and arranged for burning.
Burning. The clay is burned to dry it out,
and so deprive it of its plasticity; and also to
cause partial fusion of the silica and to produce
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chemical combination of the various constituents. Burning proceeds in two or three stages
namely, (a) the slow or the water smoking
period; (b) the rapid stage; and (c) the vitrifying stage.
(a) During the water smoking, the temperature of the applied heat is slowly raised to from
250 degrees to 350 degrees Fahrenheit, to dry
out the free water.
The finer the clay, the
longer the time required for completing this

—

stage.

(b) In the second stage, the heat is rapidly
raised to 1,300° F., at which temperature the

carbon of the clay unites with the oxygen of the
air and passes off.
The heat is maintained at
this point until all the bricks at both the top
and the bottom of the kiln are oxidized.
(c) In making paving brick, or that used in
sewer work, the heat is usually increased until
the outside appears glassy and the brick is hard
and nearly imper^dous to water; this is called
vitrification.

The burning

of

by far the most difficult part
brick-making to learn, and the most imporis

tant 'part to know.

Kilns used for burning brick comprise a
variety of t}^es, which may be classified as
follows
(1)
(2)
(3)

Up-Draft Kilns;
Down-Draft Kilns;
Continuous Kilns.

76
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Semi- continuous and tunnel kilns are terms
also used, but these latter kilns embrace some
of the peculiarities of the others.

Pig. 43.

Old-style Up-Draft Kiln.

The old style of
(1) The Up-Draft Kiln.
kiln consisted of a pile of mud brick built in
the form of arches covering the
piles

fire.
These
were surrounded by temporary brick waUs,

held in position by braces, which were demolA
ished when the burning was completed.
primitive kiln of this kind is shown in Fig. 43.
Later designs have permanent side walls conThese are called scove
taining the furnaces.
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by a course of
from which
some of the brick may be removed and replaced
kilns.

di'aft is controlled

loose brick at the top of the pile,
at will.

Much

heat is lost by radiation through the
walls, and the burning is not generally uniform
throughout the pile.
Such a kiln enclosed in
a shed is shown in cross-section in Mg. 44.

Fig. 45.

(2)

Cross-Section of Down-Draft Kiln.

The Down-Draft

Kiln.

In this style of

heat is brought fi'om the furnace to
the top of the pile by ducts which enlarge so as
to distribute the heat uniformly over the top.
This result is more readily accomplished if the
roof is dome-shaped as shown. The draft from
the chimney carries the heated air downward
through the pile and out through the holes in
the floor.
A cross-section of such a kiln is
kiln, the

shown

in Fig.

45.

course of the heated

The arrows
air.

indicate the

These kilns are more
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economical to operate, and the brick are evenly
burned.
This variety is
(3) The Continuous Kiln.
a series of kilns in which the temperature is
found, successively, in all stages from the heat
of the furnace to that of the outside atmosphere.
The cold air enters through the coldest kiln,
and passes through all to the hottest, taking
some heat from each.
Sand-Lime Brick.
About the year 1880,
some German experimenters discovered the fact
that brick made of sand and lime could be hardened in a few hours by heat and the pressure
of steam.
At that time they had no vessels
of sufficient size and strength to withstand the
required pressure, and the patents were allowed
to expire before the process became a commercial success.

Within the last ten years many plants in
America have been equipped to make brick in
this way, and the product finds a ready sale.
Sand-lime bricks are usually light in color, since
they are made of nearly white materials; but
they are readily tinted any desired shade by
adding colors to the water with which they are
mixed. Such bricks are very uniform in shape
and textui'e, as there is nothing in the process
of manufacture to make them warp or crack. It
is claimed that age improves the strength and
hardness of sand-lime brick, and that they are
strong enough for any ordinary work.
The
makers are constantly improving their product;
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hand show that
these bricks are strong enough for facing and
and the

latest tests that are at

other uses where extreme strength is not
gives data regarding the
Table
required.
strength, absorption, etc., of sand-lime brick.

X
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by comparison with the results of
tests given in Tables XI and XII, that the
results for sand-lime brick are about what would
It is seen,

apply to rather soft or salmon brick as regards
strength, while the rate of absorption is someOn many
what less for the sand-lime brick.
accounts such brick are very much better than
clay brick of equal strength, as they are of finer
appearance, and they may be used for the facing
of interior walls such as hallways, corridors,
vestibules,

and so

forth.

CLASSIFICATION OP BRICK
Bricks are classified (1) according to the
of moulding; (2) according to the place
they occupy in the kiln during burning; and
(3) according to their shape or the use to which
they are to be put.
(1) When distinguished according to the
manner of moulding, bricks are named:

manner

Soft-mud brick, made of very wet mud;
Stiff-mud brick, made of mud with less
water;
Dry-pressed brick, made of clay containing
four to six per cent of moisture;
Re-pressed brick, made by re-forming partially dried brick

made

of soft

mud.

were
Those adjacent to the fire
were over-done; those farthest away from the
fire were under-done and only the intermediate
(2)

not

all

In the
burned

old-style kilns the bricks

alike.

;

MICROSCOPIC VIEWS OF STEEL CONTAINING VARIOUS PERCENTAGES OF CARBON OR OTHER METALLOIDS.
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This condition led

to the adoption of the names:

Arch-brick, or those forming the top of the
oven;
Soft or salmon brick, or those named from
the lack of color or hardness;
Body brick, or those taken from the middle
of the kiln.
In the kilns of modem design, the heat is
well distributed throughout the whole mass, and
the above terms are not now as appropriate as
formerly.
(3) The form and the use for which the brick
are intended make the following terms suitable
Pace brick, or those of best appearance as to
imiformity of color and dimension, and thus
suitable for outside walls.

The term

is

espe-

used to designate re-pressed brick.
Compass brick, or those having one edge
shorter than the other. They are used in building curves on which the length of the brick is a
cially

part of the circumference.
Feather- edge brick, those similar to compass
brick, but having one edge thinner than the
other.
They, also, are used in building arches.
Paving brick, or vitrified blocks, usually
larger than ordinary bricks, used in paving
streets.

or common brick of better
grades, so regular in form as to be suitable for
building sewers.
Siaes and Weigkt of Brick. There is no uni-

Sewer

brick,

8$
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TABLE XI
Compression Tests of Brick

DiHSNsiONS (Inches)
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TABLE XII
Transverse Tests of Brick
Dimensions (Inches)
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BRICKWORK
Brick structures are made by imbedding the
brick in mortar made of lime or cement and
sand.
it

The mortar

is

used for two purposes:

serves to cement the bricks together so that

they act as a unit, and

it

also acts as a cushion

to distribute the pressure.

If ordinary mortar of lime and sand be used,
that will be the weakest part of the brick wall,

O
g
Fig. 46.

English Bond.

Plan of Comer Built
with Flemish Bond.

Fig. 47.

joints should be kept thin, not over a
quarter of an inch in good work. If Portland
cement mortar be used, it may be as strong as
the brick, but in this case economy usually

and the

prompts the builder to make thin joints.
Laying the Brick. Brick are usually quite
porous, and, if laid dry, will extract much of
The effect of this
the water from the mortar.
is to weaken the mortar; and so the practice is
to

wet the brick before they are

common

laid.

It is

practice to specify that the brick are to
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be laid with a shove joint. This means that the
is to be spread on first, then the brick
is laid lightly in it, and shoved diagonally back
from the face and up against the adjacent brick.

mortar

This manner of lajdng forces the mortar into
the irregularities of the brick, and increases the
adhesion between the two substances.

Bond. By this term in brickwork is meant
the arrangement of the brick so that each one

Fig. 48.

Flemish Bond.

tends to transfer vertical pressure to two or
more below in such a way that no single tier
This is accomplished by
of brick acts alone.
means of headers and stretchers, as in stone

The two

bond in most common use are the English and the Flemish bond.
This manner of laying is
English Bond.
shown in Fig. 46, where all the bricks in the
face of the course a are headers. In the face of
masonry.

the course below,

styles of

all

are stretchers.

It is usual

have one row of headers to every half-dozen
rows or so of stretchers, although the true bond
The
of this type has them in alternate layers.
arrangement of the bricks in the back, as at c,
depends upon the thickness of the waU. A piece
of brick of less than full section in the face or
to
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in the interior of the wall, used to

fill

in

where

a whole brick would be too large, is called a bat.
As it is not always possible to build a wall of
entire bricks, bats are used to make the face
appearance uniform. The joints in the header
courses must be made thinner than the others
to preserve the proper spacing, since there are
more of them.
Flemish Bond.
This bond makes a very
strong wall, and the face presents a particularly
pleasing effect. It is considered more difficult

Fig. 49.

Method of Bonding Brickwork Veneer to a Wooden
Building.

common use. Figs. 47 and
48 show a wall laid up in this manner. Here,
again, the thickness of the wall and the frequency of the corners determine the arrangement of the bats to make the face regular.
Occasionally both sides of the wall are faces on
which the appearance must be that of alternate
headers and stretchers. Many apparent headers
to lay; but it is in
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are only bats, even in walls of good workmanship; and the real headers are not necessarily
of full cross-section.
When part of the bricks are darker than
others, the dark ones are frequently selected as
headers, with pleasing results.

A

corner built with Flemish bond to look
and back, is shown in Fig. 47.
Bats are shown at points marked a. The brick
b is split to secure the proper spacing in both
front and back.
The course above that shown
is built to break joints with this one.
The face
of the wall is like that in Fig. 48.
This is a
thirteen-inch wall in which the narrow brick is
alike in front

shown at a.
A method of bonding a veneer of brickwork
to a wooden building by means of iron wire
hooks, is shown in Fig. 49.

STRENGTH OF BRICK MASONRY
The strength

is some indication of
masonry made from it, but
the mortar and the 57orkmanship must also be
taken into account in making comparisons.
Table XITE gives results of some recent tests

of brick

the strength of the

of brick columns

made

of brick similar to those

referred to in Tables XI and XTT. The columns
were 12% inches square, and were from 40 to
43 courses of brick high.
The letters at the

H

groups of several tests. Group
is of under-burned clay brick. The load in C was
applied one inch from the center.
left refer to
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TABLE
Summary

Xm

of Tests of Brick Columns

Average Values
Ratio of
Characteristics of

Columns
C4

Crushing

Ratio of

Average Strength Strength of Strength
6-iN. Mortar
OF
Cubes
Column to
Strength
(Lbs. per
Sq. In.)
Strength
OF Brick
Sq. In.)
OF Cubes

Unit-Load OF Column
(Lbs. per
TO

SHALE BUILDING BRICK
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more than 25,000 pounds per square foot.
Brickwork in an ordinary cement mortar shall
not be loaded more than 18,000 pounds per
square foot. Brickwork in walls laid in lime
mortar shall not be loaded more than 13,000
pounds per square foot.''

When we
shown

consider the results of tests as
it is thus seen that a large

in Table XIII,

factor of safety

Brickwork

is allowed in practice.
Laid in Freezing Weather.

When

it is necessary to lay bricks in freezing
weather, there are several ways to counteract
the effect of the cold. It should not, however,
be assumed that any of the suggested plans are
entirely satisfactory. The brick and sand may
be heated before being laid; the space to be
occupied by the wall may be enclosed within a
temporary structure; or the freezing point of
the mortar may be lowered by the addition of
This last method should be
salt to the water.
used only when the brick themselves have been

warmed
surface.

so as to

remove

ice

and

frost

from the

If this is not done, there will not be

firm adhesion between the mortar and the brick.
The rule for mixing mortar has already

been given in the section on Stone Masonry, but
will be repeated here with a little different
wording. Dissolve one pound of salt in eighteenX
gallons of water for working in a temperature ]
at freezing point; and for lower temperatures, ) ^.J^^i*
use one ounce of salt additional for each degree
^
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must be used

to prevent the mortar from
whatever the temperature may be.
Measurement of Brickwork. It is customary
to estimate brickwork by the thousand brick

salt

freezing,

contained in the wall.

open to inspection,

it is

As many

parts are not

clearly not possible to

determine the number by actual count, and
recourse must be had to measurement.
The work of building around openings is not
nearly so difficult with brick as with stone; and
accordingly not so great an allowance for openings need be made in the case of brickwork as
in the case of stone masonry.
The actual number of bricks in a cubic foot
varies with the thickness of the mortar joints
as well as with the size of the brick; but usually
the average is between 17% and 19%. An average of 18 may be taken as very nearly suitable
in most cases when the work is continuous, and
the joints one-quarter of an inch thick. When
there are many openings and small piers, requiring much cutting and consequent waste, it is
safe to allow 20 brick per cubic foot for the

work.

When

asking for bids on work,

it is

well to

how the measurement of the quanbe made; and the following rule is to
be recommended as fair and tending to prevent
specify just

tity shall

controversy:

Divide the total number of superficial feet
of wall surface of a given thickness by 160, and
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multiply the result by the number of brick
widths the wall is thick. The result will be the
number of thousand of brick contained.

This rule is based on the fact that a 4-inch
wall contains about 1,000 brick to 160 superficial feet, if the joints be 14 i^ch thick.
For example, a 12-inch wall 40 feet long and
20 feet high would contain 40 X 20 -^ 160 X 3
15 thousand bricks.
While the above rule gives the number of
brick to be purchased for the wall, another arbitrary rule for the payment of the masons is
sometimes adopted:

=

Count

7^

bricks for each superficial foot of

wall for each half-brick (half-length of brick)
thickness of wall.

In the same example as above, this would
give 40 X 20 X 71/2 X 3
18 thousand bricks

=

as a basis of pajTuent for the labor.
The allowance for openings is not a uniform
practice, but may be fairly well established by

custom in any given city. These customs must
be consulted in letting or computing such work.
When no deduction is made for openings, it
is not customary to make extra pa5Tnent for

and the like.
Material Required.
In estimating the cost of a proposed piece of brickwork, the rule given above determines the number of thousand of brick required. The amount
arches, buttresses, pilasters,

Amount

of
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Mixing Table for Mortar for Laying

1,000 Bricks
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84 pounds per superficial foot

9-mch wall
"
"
18 "
*'
22 "
13

121

26

168
205
243

"

**

"
"

**

**

**

"

"

Sand weighs from 80

1%

to 115

**

"
"
"

•'

**

"
"

"

A load of sand or mortar is
foot, or 1 to
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a cubic yard.

pounds per cubic

tons per cubic yard.

A cubic yard of mortar requires a cubic yard
of sand,

and equals 30 hodfuls.

A bricklayer's hod holds

20 bricks.

Masonry with %-inch joints contains 500
With i/g-inch joints the
number will be 575.
bricks per cubic yard.

No

eight-inch brick wall should be over 14

feet in height.

A

mason and

his helper should lay 1,000

bricks in seven hours on plain work.
Flemish bond costs more to lay than plain

or English bond.

The waste

good material is about
2 per cent for ordinary work; in soft or salmon,
as

much

of brick in

as 5 per cent.

Walls that are a brick-length thick are often
called 9-inch walls.

A

13-inch wall is a brick-length, plus its
width, plus the thickness of a mortar joint.
17-inch wall has a thickness equal to the
length of two bricks, with the mortar joint.
barrel of Portland cement, nominally 400

A
A

pounds, weighs about 380 pounds net.
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A barrel of natural cement, nominall}^ 300
pounds, weighs about 265 pounds net.
barrel of lime weighs about 200 pounds.
Two and a-half bushels equals a barrel.

A
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Elements of
Steel

Construction
RAW MATERIALS

1.

Introduction.

The iron and

steel indus-

one of our greatest, and yet it is comparatively young. While iron was known to the
ancients, it is only within the last forty years
that it has been manufactured in large quantities.
Indeed, it has been estimated that more
iron and steel have been produced within the
last fifty years than the entire quantity produced in all the previous centuries.
Two causes can be assigned in explanation of
the marvelously rapid expansion of the industry.
try

is

The

first

was the invention of the steel-frame

fireproof structure, which, in the construction of

and industrial buildings, has largely taken
the place of the old-time timber and masonry.
This type of building may be said to date from
office

the erection in 1884-5 of the Home Insurance
Building, in Chicago, 111. the original "skyscraper" which was designed by W. L. B. Jenney, a Chicago architect, and which soon attract-

—

—
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ed a world-wide attention and following that
opened up an unlimited field for the application
of steel shapes in the erection not only of buildings, but also of bridges and other structures.
The second cause which has played an important part in contributing to the increased demand for structural steel, has been the distinctively

modern

alliance of steel

and concrete

in

is known as the reinforced concrete type
of construction, dating from about 1895. The

what

increasing structural applications of reinforced
concrete or concrete-steel, as it is sometimes

—
known— one of the most striking features of
is

the present era of industrial development.
In point of capital invested ($1,528,979,076),

annual wages paid ($381,875,499), and gross
value of yearly product ($803,968,273), the iron
and steel industry stands first in rank; while in
number of employees (733,968) it is second, that
of the manufacture of textiles being ahead*.
When it is seen that the number of employees
is greater than the combined population of the
Cincinnati and Buffalo, is half as great
as the population of Chicago, and is greater than
the combined number of people in the States of
cities of

Maine and Nevada, and that if the yearly
income from the industry were applied on the
national debt it would wipe it out in about thirteen months, we can readily appreciate the
magnitude of its importance.
2.
Iron Ore ^Production and Classes. Iron

—

12th Census Beports.
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ore occurs in almost every country of the globe.

In

production the United States stands first,
with 52,955,070 long tons in 1907—or about fifty
per cent of the world's output. Germany comes
next with an output almost equal to that mined
in the State of Minnesota. Great Britain comes
after Germany; and then come Italy, France,
Russia, and Austria-Hungary, with outputs
scarcely equal to or little larger than that of our
two greatest mines.
Iron ore is divided into classes according to
The various kinds
its chemical composition.
are: Magnetite, Brown Hematite or Limonite,
Red Hematite, and Carbonate or Siderite. Magnetite is so called on account of its peculiar property of affecting the magnetic needle. The
difference between brown and red hematite is
that the "brown" has water occurring in it in
chemical combination, while the *'red" has not.
All iron ore may have water occurring in it in a
mechanical way ^that is, as dampness in
which case it is heated in large tanks and the
water driven off as steam. This is done in
order to reduce the weight and therefore the
freight charges, and also to reduce the amount
of fuel required for turning the ore into castiron.
Pi'actically ninety per cent of all iron ore
used in this country is red hematite.
The United States imports a smaU amoimt
of iron ore, almost aU the imported supply
coming from Cuba, which ships us about onehalf of its production.
its

—

—
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Of the

52,955,070 tons

mined

in the United

States in 1907, 42,245,070, or about eighty per
came from the *'Lake Superior Region,"

cent,

which

is that portion of the States of Michigan,
Minnesota, and Wisconsin lying at the western
~T:^T^.

*^/JLl_
Fig.

1.

Section of Ore Dock.

end of Lake Superior. Of this amount, Wisconsin produces about two per cent. Alabama
the greatest iron ore State outside of Michigan and Minnesota, since it produces about onehalf of the United States ore which is not

is

produced in the Lake Superior Region.
3.

Occurrence.

The ore may occur

at con-
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siderable depth below the surface, in which case

mined by the use of shafts and cross-headmethod being similar to that employed
in coal mining; or it may occur in form like
loose clay and in huge pockets, or in heaps or
it is

ings, the

small mountains, at a short distance under the
surface, in which case the surface dirt is stripped
off by means of steam shovels and the ore is
loaded on by the same means. Many of the
mines in the Lake Superior Region are of this
kind, and the ore is taken out very economically,
loaded on cars, and shipped to the ore docks at
the lake. Here it is stored in the dock hoppers;
and when a boat comes to be loaded, spouts are
lowered to the several hatches of the boat, and
the coal thus delivered on board. See Fig. 1 and
Plate 1. These huge steel barges can carry as
much as 12,000 to 13,000 tons at a time, can be
loaded at the rate of about 100 tons a minute,
and unloaded at the rate of 35 tons in the same
period of time.
After the load has been put on board these
barges, for only about one per cent of the ore of
the Lake Superior mines is carried all the way
to the furnaces by rail, they proceed in tow or
under their own steam to the port of Gary,
Indiana, at the southern end of Lake Michigan,
or to one of the ports on Lake Erie, where they
are unloaded and their contents either put in
large piles or taken directly to the furnaces, a
large majority of which are in Pennsylvania.
Ore Ranges. The ore fields of the Lake
4.
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Superior Region are named after the respective
ranges in which they occur. Table I gives the

names and

location of these ranges, as well as

of opening.

and the approximate date
The approximate cost of a ton of

ore delivered

is $4.00.

their output for 1907,
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Pig.

2.

Section of Blast Furnace.
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75 degrees, has been proved about the best size.
wide difference in results is obtained from
ores of different percentages of richness and in

A

American ores are unsurand a comparison of working
conditions in blast-furnace practice shows also
that American methods are unequaled in general
different districts.

passed in quality,

efficiency.

The fire is in the lower part of the furnace;
and as the charge which was dumped in the
stack descends to where the fire is burning,
changes take place. The charge finally reaches
the flames, which are fed by the coke, and they
in turn melt the iron in the ore.

Many

—

of the

impurities in the ore and in the coke such as
phosphorus and sulphur combine with the
limestone, which by this time has been burned to

—

known

lime,

and form what

iron,

being the heaviest of the materials in the

is

as a slag.

The

furnace, sinks to the bottom, and the slag floats

on top of

it.

At

certain periods

when

the iron

drawn
drawn out

gets high enough in the hearth, the slag

is

from the top, and the iron is
an opening at the bottom. Fresh
charges of ore, fuel, and limestone (which is

off

through

called a flux) are continually

dumped

in at the

keep the stack full.
In order to obtain the intense heat necessary,
air under considerable pressure is blown in at
the bottom of the stack through pipes called
tuyeres (pronounced tweyers). This air furtop, so as to

nishes

means

for increasing the draft.

It passes
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up through the furnace to the throat of the furand then, with other gases, passes out

nace,

through the down-runner pipe which leads to the
hot-blast stoves.

yfhnJ

Pig.

3.

Interior of Hot-Blast Stove

when

Blast is Going through

It.

These stoves are huge, hollow iron stacks
built in pairs and filled with a checkerwork of
The burning gases from
fine brick. See Fig. 3.
the furnaces are led into one of these, and
allowed to pass upward to the top, burning all
the time. This heats up the bricks to a white
heat. The burning gases are then shut off from
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this stove, and are turned into the other one of
the pair; and the air which was going through
the other stove, and which is used for the blast
for the blast furnace, is now turned into the

stove which has just been heated.

The

air gets

heated by going through this stove, and then it
goes into the blast furnace. In this manner, one
stove is being heated by the waste gases from
the furnace while the other one is heating the
blast.

The heating
economy of fuel

of the blast effects

a great

in the blast furnace. By these
stoves, the air can be heated up to 1,000° F. to
1,200^ P. Plate 2 shows blast furnaces and hotblast stoves.

These stoves are sometimes called

names of their inventors, as "Couper"
or "Kennedy-Couper." If the waste gases from
the furnaces are more than sufficient to run the
stoves, they are conducted to boilers and burned
after the

there instead of using coal, or they

may

be used

in the operation of gas engines furnishing
to

run
6.

power

machinery.
After the iron has been tapped

electrical generators or other

Casting.

from the furnace, it is cast into pigs, either by
being run into sand moulds which form ''sandcasf pigs, or by being run into huge ladles and
poured into a machine which casts the pigs. In
the latter case the pigs are called "machinecast" pigs.
In case it is not desirable to cast into pigs,
the contents of the ladle are poured into a huge
This
cylindrical furnace which is on rollers.

STEEL CONSTEUCTIOX
mixer, as

it is called,

by rocking to and

holds

many

ladles full,
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and

fro mixes the different charges

so that the total mass is homogeneous. Iron
taken from this mixer is used in making steel.
Sometimes the mixer is not used, the ladle
taking its charge directly to the steel furnaces.
Grading. Cast iron consists chemically
7.
of from 2 to 4 per cent of graphite or uncombined
carbon, and from 3 to 0.02 per cent of chemically
combined carbon and other chemicals. *' Uncombined carbon" means carbon that is mixed in
with the iron somewhat in the same manner
as if we should make a brick and mix in a lot
of sawdust. The combined carbon is fixed in
the iron chemically, about like the sand, which,

when

the brick

is

burned, turns into a glaze or

some other form. The amount of combined and
uncombined carbon influences the physical propdo the other chemicals.
The gi'ading of cast iron is done according
its
hardness, and this depends ujDon the relato
erties of cast iron, as also

tive

amount

of combined

and uncombined

car-

Table 11, taken from the ''Institute Journal" for 1891 (Vol. n, p. 245), gives the grades,
and their composition in per cent, as determined
from a series of tests on some iron from Alabon.

bama. The softest is the "No. 1 Foundry,"
and the hardness increases imtil "White," the
hardest,
It

shown

is

reached.

must not be supposed that the analysis
in Table II is always the same for any

particular grade, but

it

will be

very closely the
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TABLE II
Oradlng and Analysis of Oast Iron
Pekcentages of

Grade

So
nn
o-<

»0S

aj

Foundry,

No.
No. Foundry
No. 3 Foundry,
No. 1 Soft ....
No. 2 Soft ....
Silver Gray.
Gray Forge
Mottled
1
2

.

. .

White

3.49
3.55
3.48
3.53
3.48
3.13
3.00
2.11
0.10

0.07
0.07
0.10
0.03
0.08
0.02
0.57
1.22
2.92

8.15
2.40
2.20
8.75
3.50
5.50
1.50
1.35
0.05

0.005
0.024
0.025
0.005
0.004

trace
0.060
0.125
0.300

0.68
0.68
0.64
0.68
0.68
0.68
0.64
0.64
0.64

0.25
0.22
0.21
0.27
0.26
0.25
0.19
0.14
0.10

same. Sulphur tends to cause brittleness; phosphorus increases fluidity, but decreases strength;

manganese causes hardness; and certain percentages of silicon make iron soft, while others
make it weak and hard. Probably no other constituent has so much effect as silicon on the
physical properties of iron; and by varying its
percentage, cast iron for different purposes is

made.

Output of Cast Iron. As in the case of
United States leads all other countries
in volume of production of cast iron, with a total
8.

ore, the

of 25,781,361 tons in 1907, out of the world's
total of 60,680,014 tons. This is 42.4 per cent.

Of this amount, the greater part was produced
by the following states: Pennsylvania (44 per
cent), Ohio (20 per cent), and Illinois (10 per
cent).
Alabama and New York come a close
fourth with 6.4 per cent each.

/
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WROUGHT IRON
Manufacture. About 500 pounds of cast
iron is put into the hearth of a puddling or
reverberatory furnace (Fig. 4), and a fire built
in the furnace.
The heat melts the iron, the
impurities form a slag with the iron oxide lining
of the hearth, and the carbon burns out. The
purer the iron, the higher the heat that is
required to melt it; and therefore, as it becomes
9.

y
amAhietr/t. C^g>f/r«n.

^

-^

'

—

-p
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up

in piles (Fig. 5), which are tied with wire,
and again rolled into

raised to a welding heat,

rods, bars, or other shapes.

The
more

effect of this

slag; and the
form a product in which all the
fibers do not run the same way, as was the case
in the muck bar. It takes about two hours to
run a charge and recharge the furnace.
last rolling is to squeeze out

piling helps to

10.

Characteristics.

Wrought

ferent from cast iron, in that
into almost

it

iron

is

dif-

can be hammered

any shape, can be bent double when

and can be welded. Wrought iron may be
defined as pig iron with its impurities, all of the
cold,

graphitic or uncombined carbon, and almost all
of the combined carbon, burnt out. Silicon, car-

bon, manganese, phosphorus, and sulphur occur

more or less in all ore, iron, and steel, and in
fact in most metals. They are called metalloids.
During the process of puddling they are largely
eliminated, so that wrought iron is nearly pure^
iron.

Effect of Metalloids. Too much carbon
11.
or sulphur will cause the iron to be ''red short."

This condition causes it to work poorly in the
and the edges of the piece are rough
somewhat the same result as if one tried to work

rolls;

was too

Phosphorus is bad, as it
tends to lessen the welding properties of the
clay that

dry.

metal.
It has

been claimed that the small amount of

slag that is left in the iron, usually less than 2

per cent, increases

its

welding properties and
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to substantiate

this.

Output. Of all cast iron made in the
United States, only about three per cent is made
into wrought iron. This would make the amount
of wrought iron produced in 1907 about 770,000
This amount is probably an overestimate
tons.
rather than an underestimate. Far more than
this amount of wrought iron, however, is used
in this country probably as much as 2,500,000
12.

—

tons.

The

difference between the

amount made

and that used is explained by large imports,
and also by the fact that considerable quantities
of new wrought iron are made from wrought iron
The best wrought iron comes from
scrap.
Sweden.

STEEL
13.

Crucible

quality of steel.

Steel.

It is

This

made

is

the

in three

finest

ways

namely, by packing pure soft wrought iron in
fine charcoal, and raising to a yellow heat; by
putting charcoal and crude bar iron in a sealed
crucible and heating to a melting heat; or by
melting wrought iron in a sealed crucible with a
proper proportion of pig. The aim of all methods is the same that is, to get a malleable metal
containing from 0.60 to 1.40 per cent of carbon,
and practically free from sulphur and phosphorus. It is to be noted that all these methods
take wrought iron, a metal practically free from
carbon, and add carbon to the desired extent.

—
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With the
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method, the carbon from the

charcoal soaks in at the rate of one-eighth inch
each 24 hours. With the second, the absorption
of carbon is very rapid on account of the fluid
condition of the iron. With the third, also, the
process is rapid, the pig distributing its carbon
to the mixer so as to bring the total to the
required result. The second method is the
universal practice in America.
After the mixture is put in the cold crucible
and sealed, the crucible is put in a gas furnace

and kept at the proper heat until the steel is
made. The crucibles are then taken out and the
material poured into ingots. From 100 to 200
pounds of steel are made from each crucible.
The ingots are then rolled into bars and plates,
and they are put on the market.
Crucible steel is used to make cutlery and
engraving tools, and parts of machines which
perform excessive work. Not much is made, and
the annual output has increased less than 20 per
cent in the last ten years, while that of other
There
steel has increased over 100 per cent.
were 118,000 tons made in 1906. Plate 3 shows
men casting a 55-ton ingot of crucible steel. This

works of Germany.
Bessemer Steel. In the Bessemer proc14.
ess, from ten to twelve tons of molten cast iron
is poured either directly from the blast furnace
or from the "mixer," into a pear-shaped Bessemer converter, which is tipped over to receive it.
The converter is shown in cross-section in Fig".

is

at one of the great steel
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The trunnions are hollow, and the air from
the blast enters by these, being led down to the
bottom, where it blows up through the holes
there, and then through the charge. The blast
is turned on, and the converter tipped into a
6.

rig.

6.

Section of Bessemer Converter in Action.

vertical position.

The oxygen

of the air com-

bines with the various metalloids,

and

in

from

nine to ten minutes nearly all the carbon, manganese, and silicon are burnt out and form slag
on top.
The phosphorus and sulphur remain
the same, and for this reason ores low in phosphorus and sulphur must be used in making cast
iron for Bessemer steel. When the carbon is
about all burned out, the flame from the converter drops to about one-fourth what it is at
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and

then time to recarburize the
stands at the end of the carbon
flame, it consists of a bath of molten iron containing about 0.4 per cent of carbon, and with
carefullya lot of iron oxide floating on top.
full blast,

charge.

As

it is

it

A

calculated amount of manganese and silicon, and
enough carbon to bring it up to the desired percentage of that ingredient, are added in the form
of Spiegeleissen, a mineral which contains the
above metalloids. The manganese returns some
of the iron of the oxide and clears the charge of
loose oxygen, while the silicon prevents the oc-

currence of bubbles and blow-holes when the material is poured.
The lower the percentage of carbon, all other
things being equal, the lower the tensile strength
and the softer the steel. The amount of carbon
added is therefore a necessity, since, as the bath
stands at the end of the blow, it would produce
a steel of about the consistency and strength of
wrought iron; and, indeed, considerable quantities of steel are so made, being used for many
purposes where wrought iron was formerly
used.

The material is now poured into a ladle, and
from that into ingot moulds. For a description
of ingots, see Article 16.

Bessemer

steel is not so

homogeneous nor so

reliable as crucible or open-hearth steel

(see

article), on account of the fact that in
replacing the carbon which has been burned out,
it must be done by a small charge, and there is

next
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therefore the liability that the carbon will not
be uniformly distributed throughout the mass of

ten or twelve tons. Bessemer steel is therefore
not specified for use in bridges, buildings, and
structures in general; but for rails, farm
machinery, wire, and nails, it is in general use.

Fig. 7.

Section of Open-Heaxth Furnace, with Eegenerative Furnace, and Diagram of Air and Gas Valves.

Open-Hearth Steel. In this case the
furnace used is as shown in Fig. 7. The depth
of molten metal should be 18 to 24 inches in a
furnace of from 30 to 50 tons capacity. The
15.

charge consists either of cast iron (melted in
some cases) or of cast iron and scrap. The stock
must be low in phosphorus and sulphur, or the
steel will not be of use, and also the lining of

114
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by the phosphorus
But, in case low phosphorus and

the furnace will be destroyed

attacking it.
sulphur ores are not available, the furnace may
be lined with lime, magnesite, dolomite, or some
other like material, and a quantity of limestone
or limestone and ore added to the charge. In
this latter case, the phosphorus will not ruin the
lining, and it will be taken from the metal by
the lime and ore and transferred to the slag.
The sulphur will be eliminated in part by burning out; and most of the remainder combines
with certain materials which are added during
the heat, and is carried off in the slag.
The charge is melted by the burning of either
natural or artificial gas (producer gas) and air
forced in under pressure. These enter the furnace on opposite sides of the hearth, join, burn,
and beat down on the charge, thus melting it and
keeping it melted.
The waste gases then pass out and through a
brick checkerwork similar to that in the hotblast stoves, and then up the stack. When the
checkerwork is hot in a pair of these chambers,
the valves are reversed; and the gas and air,
before burning in the furnace, are heated by
being forced through these chambers, the burning gases from the furnace in the meanwhile
passing through the checkerwork in the chambers through which the gas and air first were

When

one set of chambers becomes
cooled, the gas and air are forced through the
other, and in this manner the gas and air are

forced.
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heated by one set of chambers while the other
set is being heated by the waste gases. And so
the operation goes on. Every little while, test
bars are made from metal taken out of the bath,
and tests made to determine the amount of carbon present. When the carbon has reached the

Fig.

8.

Section of Valyalar Ladle Showing Metal being Poured
into Ingot Mould.

percentage desired for the finished product, the
recarburizer is added. In this case the addition
of the "recarburizer'' is not, as in the case of the
Bessemer process, to increase the carbon, but to

remove impuiities.

From four

to ten hours are required to

run a
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The time depends upon the amount of
carbon to be burnt out. The mixture of scrap
and ore with cast iron is usually so proportioned
that the bath has from 0.75 to 1.00 per cent of
charge.

carbon at the

start.

If a 0.43 per cent carbon

run the
heat than if a 0.23 per cent carbon is required.
When the metal is ready, it is run into ladles and
poured into the ingot moulds.
It is evident that open-hearth steel is more
homogeneous than Bessemer, since the blast can
be stopped when the carbon has been burnt down
to the required percentage.
The mixing has
been done by nature, and is therefore evenly
done. In the Bessemer process, nearly all carbon is first burnt out, and then enough added to
bring the carbon content up to the required persteel is required, it will take less time to

centage.

The

In order to prevent the slag
from getting into the ingot, the metal is poured
from a valvular ladle. Fig. 8. The ingots may
be almost any size. The ordinary size for rails
is about 63 inches high and 14 inches square,
weighing about 2,000 pounds but from this size
the ingots run up to 24 by 26 inches and 5 tons
in weight, or even larger, as the case demands
16.

Ingot.

;

(see Fig. 9).

In cooling, the ingot

apt to assume a form
shown
and therefore, during
cooling, the moulds are covered up with sand or
an iron cap. Before the ingots have cooled to
anything less than a red heat, they are stripped
like that

is

in Fig. 9;

STEEL CONSTBUCTION

117

of their moulds and placed in soaking pits.
These are gas furnaces which heat the ingot
evenly throughout to the desired temperature

The ingot

then taken out and
^that is, the ends cut off in order to remove any injurious matter. The ingot may then
be rolled down and cut into smaller pieces called
for working.

cropped—

Pig.

9.

is

Section Showing Piping of Ingot in Mould.

which are sold to be remelted or heated
and have steel articles made from them, or it
may immediately be put through the rolls (see
Plate 4) and formed into bars, plates, rails, rods,
or any of the various shapes for structural use.
17.
Output of Steel. In 1903 the United
States produced over 45 per cent of the world's
output of steel, Germany and Great Britain coming next with 24 and 12 per cent respectively.

billets,
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The percentage has probably not

since changed
any great extent. Table III gives the production of Bessemer and open-hearth steel in the
three most productive States, as well as in the
United States, for the year 1907.
to

TABLE in
Production of Steel, 1907

Kind of Steel
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STEEL SHAPES
Manufacture of Steel Shapes. When
is taken from the soaking pit and
cropped, " it is placed on the table of the rolls,
or blooming table. This table consists of a number of cylinder j)laced close together and made
tc revolve either forward or backward as deThe table moves the ingot to the rolls,
sired.
where it is rolled through an opening but slightly
smaller than the ingot itself. The ingot comes
out on the other side longer than it was before,
and of uniform section throughout its entire
length. Here it is automatically moved to one
18.

the ingot
'

'

being
put in motion, the steel goes to another set of
rolls and is again reduced in sectional dimensions. The fii-st few passes generalh" reduce the
ingot to a rectangular or square section. The
steel is then moved sidewise to the different roll
openings in turn. Each of these shapes the steel
into something approaching its final shape and
at the last pass, what was an ingot only 63 inches
long becomes a rail, a plate, or some structural
shape 20 to 120 feet or more in length. In cases
side, and, the cylinders of the rolling table

;

where the number of passes is great, instead of
two rolls, three or more are used. The *' blooming table" is so arranged in this case that it may
be raised or lowered, thus carrying the steel to
the upper set after it has passed through the
lower one. Plate 5 (upper figure) illustrates the
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rolls in a 16-iiich ''three-high" mill;

4

is

and in Plate

seen a blooming table.

The completed shape

now

at a welding heat. It is run to the cold saws, and cut to
the required length. This length must be considerably greater than the length required when
the piece is cold. As a usual thing, for each ten
feet in length of the cold piece, the piece must
be cut four inches longer when hot. This of
course depends upon the temperature of the
steel as it comes from the rolls.
The piece is
then put on the cooling table and allowed to cool,
and is afterwards straightened.
19.
Production of Steel Shapes. In 1905
there were 5,253,816 tons of structural shapes
rolled in the United States. This includes plates
and bars and rods, and constitutes about 26 per
cent of all the Bessemer and open-hearth steel
made in that year. Of this amount, by far the
greater part was open-hearth steel.
Steel-Makers' Handbooks. In order to
20.
work in structural steel or to study structural
engineering, it is necessary to have a handbook
of at least one of the steel companies. Structural
steel workers and students can usually obtain
is

still

these handbooks from the head offices of the companies for 50 cents a copy; to others, the price is

The handbooks of the Carnegie Steel
Company, the Cambria Steel Company, the
Bethlehem Steel Company, and others, are
equally good. Throughout this text the Carnegie handbook (edition of 1903) will be re$2.00.
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TABLE IV
Classification of Structural Steel

Form

Name

Shapes

Form

Round

Name
Angle
(UneaualLegged)

(Rod)

wMMwrnrnw^f^^f^

Square
(Rod)

Channel

^Lu^M^aa
Flat

I-Beam

mMmMMWMmMWWA

Plate

Z-Bar or Zee

Angle

doualLegged)

Tee

^fJ>f}»Wf>}W»V^

ferred

to.

The number

of the page or pages,

for example, will be signified thus:

(C 45),
(C 183-187), or (C 189 and 200), which means
that the matter referred to will be found on page
45, or pages 183 to 187, or on page 189 and page
200.
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No student of steel construction should be
without one or more of these handbooks.
Classes of Shapes. Shapes for struc21.
tural

work are

of their form.

monly used

classified

by names

In Table

in structural

IV

characteristic

the shapes comlisted, with a

work are

sectional view of each.

The

form of the rounds is
obtained by turning them half-way around each
Rounds.

circular

time that they are passed through the rolls.
inch to 6% inches in
They are made from
diameter (C 27). They are used in tension
that is, to withstand a pull. The connection at
the ends is made by means of a washer and nut.
In case the area of the cross-section is required,
or the circumference (distance around the outThe large
side), it can be found (C 261-266).
bars listed in (C 263-266) are not, as a general
thing, used for anything except to cut in short
lengths, turn on a lathe, and use as pins to
connect members or as rollers for different
purposes.
Squares. These are listed (C 27), and their
areas and weights may be found (C 261-266).
The larger squares listed (C 263-266) are seldom
obtainable except by special order. Their use
is confined to supports for bridge ends, and for
other similar uses.
Flats. Flats are distinguished from plates,
chiefly from the fact that they can be obtained
quite thick in proportion to their width, and
of an inch. It is not
their width varies by

^

%
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advisable to use flats of widths other than 1,
11/2, 2, 21/2, 3, SVs, 4, 41/2, 5, 51/2, 6, 7, and 8 inches,
as the other widths are seldom kept in stock and

have to be made specially to order.
Flats are seldom used separately, except to
take tension, and then ihey are riveted at their
ends. It is a common and almost universal use
to use flats for tension by first making them into
This 's\'ill be discussed later on.
Plates are of two kinds sheared
and universal. This signifies the manner in
which they were manufactured. When the ingot
is put through the rolls, it comes out from the
final pass as a long, flat plate with irregular
eye-bars.

Plates.

Fig. 10.

Sheared Plate Marked for Shearing after
BoUs.

it

Comes from

edges somewhat as indicated in Fig. 10.
Straight lines at a distance apart equal to the
width of the required plate, are now laid out,
and the plate is then taken to the shearing machine and these unequal edges cut off. Sheared
plates can always be distinguished by their
edges. For sizes and lengths, see (C 30) upper
table. At the top of the columns in the table is
given a width, and in the next column another
width, which differs from the former by a certain
number of inches. Suppose, for example, that it
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is
1/4

desired to find the length that a 93-inch plate
inch thick could be rolled. It would, accord-

ing to the second note at the bottom, be the same
as that for the next widest plate given in the
table. The next plate is 96-inch, and the length
for that is 130 inches. Therefore the greatest
length for a 93-inch plate is 130 inches. If it is
desired to have a plate shorter than the lengths
given, order it, and the mill people will cut off
as much as you want. These plates can be
obtained in widths of 48, 49, 50, 51, 52, 53, 54, 55,
56, 57, and so on up to 120 inches, but they cannot

be had in widths of a fraction of an inch. If a
is desired, a 52-inch plate must
inch cut ofl one side.
be ordered, and
Universal plates are rolled by four or by six
roUs, one pair horizontal and one pair vertical, or
one pair horizontal and two pair vertical. Plate
5 (lower figure) illustrates a universal plate roll.
The pairs of rolls can be brought as close together or kept as far apart as desired. In this process the plate is rolled to the desired width as well
as thickness, and therefore no shearing is necessary. One great advantage of these plates is that
the edge, not being cut, has the same ''skin" or
surface as the sides of the plate. It will, as a result, take paint much better and will not rust so
plate 51^4 inches

%

readily.

The

sizes

and lengths of universal plates are

given in (C 30), lower table. As in the case of
sheared plates, these plates may be purchased in
any inch in width from smallest to the largest.
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but not in any fraction of an inch except in the
case of large orders.
Universal plates should be used when posThey are not used by themselves except
to make eye-bars, but they are much used in
making built-up members, which comprise a
great variety of structural members, consisting
of several shapes riveted together.
All plates should be listed by writing first
the number of plates of each size; then the
width in inches; then the thickness in inches;
and finally the length in feet and inches. For example, if we wanted a plate 18 inches wide,
inch thick, and 12 feet 51/^ inches long, we should
sible.

%

specify

thus:

it

the length
Sy^'\

If

1 PI. 18^''X%"Xl2'-5y2"; or, if

is less

than a

foot, 1 PI.

two or more plates are

we should

write:

T'XV2'X0'to be listed,

2 Pis. 17''xy2"X5'-6'', or 7

Pis. 3''X%"Xl8'-6i/8-.

The angle

is the most useful of
There is scarcely any builtup member of any size which does not of necessity requii'e angles in its construction; and they
are employed either singly or in a pair or pairs
to make many smaller members. The angle may
be used to take either tension or compression.
Angles are so called because of their shape,
the two legs meeting to form an angle; and they
are made with equal legs (C 13-14) and with unequal legs (C 14-15). Special angles square

Angles.

structural shapes.

root angles, so called because their angles are
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all

squared

—are given

(C 16-17), but are very

rarely used.

In the tables (C 109-119) are given various
useful data relating to angles with unequal and
with equal legs. For the present the first five
columns will be noted. In column 1 is given
the mark by which the rolls can be picked out
when it is desired to roll that section. Those
sections which have a star (*) are special angles.

They are not square root

angles, but the star

and

indicates that they are not kept in stock,

are not rolled except in large tonnages, unless
a high price is charged for them. They should

not be used in the design of structures. Some
one of the other angles will do.
The size, thickness, weight per foot, and the
number of square inches in the section, are
given in the next four columns. Do not use an
angle thicker than 13/16 of an inch if you can
well avoid it.
This is about as thick as can
safely be punched for rivets. For thicknesses
greater than this, the holes must be bored, and
this is very expensive. It is, of course, possible
to punch material thicker than 13/16 inch; but
the thickness of the plate in such cases is too
great compared with the diameter of the punch
(which is seldom more than 13/16 inch), and
the punch

is

likely to

break

off in the hole.

It

be cheaper to use a larger and thinner angle,
even if the area is somewhat greater than that

will

required.

In listing angles the following method

is in
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common use: The large leg (if of unequal legs)
should be stated first, the small leg next, the
thickness next, and finally the length in feet
and inches. The number of the angles required
For example: 1L6''X4"X%"
is placed first.
L's 4''X4''X%"X7'-8y8".
Members composed of angles are either riveted directly to other members, or are riveted to
a plate which is connected to the other member
or members by rivets or a plate.
Channels. Channels are used mostly in
Xl7'-614''; or 2

pairs for compression

members

—that

is,

mem-

They are somebei's taking a thrust or push.
times used as tension members but, on account
of the thinness of their webs, the end connections are expensive because of the large niunber
of rivets necessary. Channels are much used as
beams. In (C 101 and 102) is a table containing
a large amount of useful data relative to chan;

nels.

On

account of the many dimensions of a
it is simpler to designate them by theii'
depth only, and then give their weight per linear
foot, and finally their length.
Thus: 1 [ 9''x
13.25 lbs.— ir-6''; or 2 ['s 12''X 20.50 lbs.—
7'-4i/2''.
These signify, in the first case, one
channel 9 inches deep, weighing 13.25 pounds
per linear foot, and 17 feet 6 inches long; and,
in the second case, two channels, each 12 inches
deep, weighing 20.5 pounds per linear foot, and
channel,

4^

inches long.
channels
Those
whose weights are given in

7 feet
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heavy-faced type (like the

8''

X 11.25

lbs.,

9''X

13.25 lbs., 10" X
ard sizes. Formerly it was necessary to avoid
using any others but these; but now most of
the large steel companies keep all weights in
stock, and any weight can be obtained easily.
In columns 5 and 6 are given the dimensions of
web and flanges; (C 6 and 7) give the sections;
while (C 183-186) give valuable information as
to dimensions and riveting in flange and in the
web.
I-Beams. The shapes known as I-beams
so called from the resemblance of their section
to the letter I are seldom used in any other
manner than as beams; see (C 1-5). In some

15.00 lbs., etc.) are called stand-

—

cases,

particularly

in

members.

members for
make compression

building

cranes, they are used to help

They are much used in building conform what are known as box gir-

struction, to

An

I-beam should be
3'-4", which
lbs.—
24''X80
means, one I-beam, height 24 inches, weight 80
pounds per linear foot, 3 feet 4 inches long.
The tables (C 97-100) are for I-beams. They
give data for I-beams practically the same as the
tables mentioned above do for channels; and
the same remarks regarding the tables for chanOn (C 175-182)
nels apply to these for I-beams.
information
contain
are given tables which
regarding the method of fastening in walls, and
the position of rivets when such a connection is
to be used.
ders; see (C 152-156).

listed

thus:

1

I

w

3 «

Courtesy of American Bridge Co.

•AGE BASCULE BRIDGE OVER CHICAGO RIVER AT CHICAGO, ILL.
On line of Chicago & Alton Railroad. Weight, 2,273,000 lbs.
-^LATE 15

— STEEt

Construction.
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Information regarding Z-bars (or

Z-Bars.

Zee3, as they are sometimes called) is given

on
(C 103 and 104), and (C 189-190).
Z-bars are seldom used for anything except
columns. The excellent manner in which they
can be combined with a plate to form an economical section for compression, and the many
faces they have to which connections can be
easily made, make them general favorites for
coliunns. Fig. 11 shows how these can be put
(C

10, 11),

together.

TkJ'
JTIL

Fig. 11.

Section of Z-Bax Ooltunn.

Other Shapes. Several other shapes besides
the above-mentioned are rolled. These are the
Tees (see Table IV), the half-rounds and ovals,

and the

and

They

sel-

however, comparatively
in
used
structural work.

plates.

dom

special kinds of channels, Z-bars,
are,

RIVETS AND RIVETING
22.

lengths.

made in different sizes and
The head and diameter are the same

Rivets are

any given

but the length will vary as
the size of a rivet is
spoken of, the diameter is usually meant.
(C 191) gives a table of sizes of rivet-heads,
for

size,

the case requires.

When
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showing also the
machine driving.

clearances

necessary

for

Rivets are made by heating long rods of the
required diameter in a small furnace until they
attain a welding heat for a distance of about
one foot from the end. The operator then takes
out the bar, and sticks the end in the rivet machine, which has previously been set so as to
make rivets of the required length. The machine grips the rod, forms the head by jamming
together a portion of the rod, and cuts the rivet

m

Fig. 12.

Length and Formation of Head.

proper length. The rivet drops into a
receptacle; the machine releases the rod, and
the operator shoves it further in, and another
rivet is made. This operation is kept up until
all the heated part of the rod has been made into
rivets.
The operator then returns the remainder of the rod to the fire, to get it heated up
off to the

and makes rivets out
This action is repeated
until all the rivets required are made. If a rod
gets so short that the end not in the fire becomes
too hot to handle, it is put in the furnace and
handled with tongs. In this way the entire rod
is used up.
As one rod is used, others are put
in, and thus the process continues as long as
again, takes out another,

of its heated portion.

desired.
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Rivets were formerly made fi'om a pure
grade of wrought iron; but now it is the general
practice to make them of soft steel, a material

much

like

wrought iron in physical properties.

n'—

7^
6
Fig. 13.

The length

Illustrating Stresses in Eivets.

must be such that it
will go entirely through the material which it
is to hold together, and in addition extend
beyond far enough to afford material for forming the other head. Fig. 12 shows the length,
grip, and formation of a second head.
Stresses in Rivets. The stresses which
come on a rivet are Shear, which is the tendof the rivet

:

ency to be cut across

Fig. 14.

its section;

the bearing

Ulustrating Single and Doable Shear.

on the plates it connects and the tension on the
heads, due to contraction. Referring to Fig.
13 (a and b), it will be seen that if the joints
are like (a) and the two plates which are pulled
;

in opposite directions are so strong that the
rivet will not pull out of them, then

it

will be

two at the point between the plates, and
will become as Fig. 14 (a), being sheared off in a
manner somewhat the same as if it were cut by a
cut in

U2
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pair of shears. When the conditions are such
as shown in Fig. 13 (a), the rivet is said to be
in single shear.

In order to find out how many pounds a rivet
should stand in single shear, multiply the area
of the rivet by the allowed unit shearing stress.
In (C 195), fourth column, are given, in the several tables, the number of pounds a rivet should
stand if the allowable stress on one square inch
of metal is as stated. Thus in the first table
the allowable unit-stress is 6,000 pounds; and
if the rivet is %" in diameter, we look in the
first column and find %, and then to the right
on the same line in column 4 is found 3,610,
which is the value sought. That is, in a rivet
joint 3,610 pounds can be allowed for each rivet
driven. This allowable stress is quite low, and
will perhaps be used in railroad bridge design.
For building design, the last table should
be used; and here in the fourth column, oppofound 7,220, which is the number of
pounds one rivet should stand when the unit
site

%j

is

shearing stress is 12,000 pounds. The other
tables give values for unit-stresses of 7,500 and
10,000 pounds.
In case the joint is as in Fig. 13 (b), the rivet
will, providing the plates are strong enough to
keep it from pulling out, fail by being cut off
at each of the joints between the middle and
Since just twice as
side plates, Fig. 14 (b).
much will be cut as in the case of Fig. 13 (a),
the rivet is said to be in double shear.
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Since, in a riveted joint,
rivet to fail,
less

we must

than enough to
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we do not wish

the

some unit-stress
destroy it. Such stresses
select

are given (C 195), being 6,000, 7,500, 10,000,
and 12,000 lbs. per square inch.
j<^-^

J

W-

r

TF^ ¥
'cr

IT
Fig. 15.

t.

niustrating Bearing Stress in a Bivet.

In order to get the number of pounds which
should be allowed on one rivet in double shear,
the value for single shear is found, and then
doubled. For example, to find the value of a
%-inch rivet in double shear, under an allowed
unit-stress of 10,000 pounds, the value for single

%

in the 1st
shear (4th column on same line as
column) is 4,420 pounds; and therefore the

•"•^

A

^_

£j^>
Fig. 16.

^

-1* O"

2^13^

i

r

±j~

>r©n^>4^

Illustrating Failure of Joints

by Bearing.

value in double shear is 4,420x2=8,840 pounds.
It is very evident that, where possible, rivets
in double shear are the more economical, since
only one-half the number that are required in
single shear are necessary.
If two pieces of steel are placed close to-
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gether as in Fig. 15, and pulled in opposite
directions as indicated by the arrows, the rivet
might shear off at x. If the rivet were too
strong to shear off, it would pull out one or both
of the plates, and therefore the joint would look
either like Fig. 16 (a) or like 16 (b) after it
had failed. When such a failure happens, the

Fig. 17.

Calculating Allowable Bearing Pressure on Joint.

joint is said to have failed by bearing.
This
means that the pressure of the rivet on the plate
was too great, and it pushed its way through

the plate, tearing an oblong hole as it went. If
the rivet were square in section, it would not
take any greater force to pull it through the
plate than

it

does

when

the rivet

is

circular

The allowable amount of pressure
caused by a square or a round pin on a plate

in section.
(v)

of a given thickness,

is equal (see Fig. 17) to
the area (A) in square inches multiplied by the
allowable unit bearing stress (Sb). That is:

v=AxSb,

or,

more simply, v=ASb,
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To get at this result in a stni simpler way,
the bearing value of a rivet (Vb) can be found
by taking the allowable bearing stress (Sb),
multiplying by the thickness (t) of the plate;
and then multiplying the result by (d), the
diameter of the rivet or length of side of the bar.
This is true since the area
is equal to the
product of the thickness of the plate times the
diameter of the rivet or side of bar. In other
words, since A=tXd, we have the following
simple rule for finding the bearing value of a
rivet
Vb=t X d X Sb, in which Yb=bearing value
of the rivet, in pounds t= thickness of the plate,

A

:

;

in inches;

d=diameter

of the rivet, in inches;

and Sb==unit allowable bearing

stress.

In (C 195-196) are given the bearing values
of different rivets in plates of different thicknesses,

and these are given for unit bearing
15,000, 20,000, and 25,000

stresses of 12,000,

pounds respectively. If the bearing value of a
%-inch rivet in a %-inch plate is desired when
the unit-stress
the

first

is

20,000 pounds,

column of the third

%

is

noted in

table; then that

same line of figures is followed over imtil the
colmnn headed i/^ is reached. Here 6,250 is
found, and this is the desired value. As a check
here, t^^i/o, d==%, and Sb=20,000. Therefore,
the bearing value

v,=i/2X%X20,000=i^^=6,250.
Id

Some blanks

are left in the tables.

The

rea-
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not practicable to use
rivets of the smaller diameters in the thicker
However, if it were required to obtain
plates.
a bearing value not given, it is easily calculated
from the rule already given. For example, let
it be required to find the bearing value of a
%-inch rivet in a %-inch plate when the allowable unit-stress is 25,000 pounds. Here t==%;
d=%, and Sb=25,000; therefore the bearing
value Vb=%X%X25,000=ll,719, say 11,720
pounds. It will be noted that this result is the
same as if we had a %-inch rivet in a %-inch
plate, as shown directly by the table.
In case the thickness of the plate is given in
decimals of an inch, the same rule must be followed for determining the value of the rivets,
since no tables are given other than those in
(C 195-196). For instance, suppose that it is
required to rivet something with %-inch rivets
to the web of a 12-inch 31.50-lb. I-beam. By
referring to (C 97), and the 5th colimm, the
If the
thickness is found to be 0.350 inch.
allowable imit bearing stress is 20,000 pounds,
the bearing value of one rivet is Vb=0.350x%X
20,000=6,125 pounds.
If the joint is like those shown in Figs. 15,
16, and 17, the rivet is said to be in single bearing in plate ti or t. It is also said to be in single
bearing in plate t2. Evidently, the thicker the
plate, the larger the value of one rivet, and the
fewer rivets are required to sustain a given total
stress.
Therefore it is only necessary to ex-

son for this

is

that

it is
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amine a joint for the number of rivets required
in bearing in the thinnest plate, and this nmnber
will evidently be amply sufficient for the thicker
plate.

It often

happens that a joint

is

as in Fig. 13

(b), the two side plates being of the thickness ti,
and the intermediate one being of a thickness tz.
In many cases ti and to are equal. In any case
the rivet bears in each plate ti and in plate tz

In such a case the rivet is said to be in
single bearing in tz, and in double bearing in ti.
also.

Just as in the case of double shear, the value
of a rivet in double bearing is double that of its
value in single bearing in the same plate. Also,
Thus the
it is determined in a similar manner.
value of a yg-inch rivet in double bearing in a
%-inch plate (the unit bearing stress being
taken as 25,000 pounds), is 2x8,210=16,420
poimds. See 4th table (C 195).

In making riveted joints, the hole is made
slightly larger than the rivet. The rivet is then
heated to a welding heat, and driven by a powerful machine which holds the heads tightly
against the plate until the rivet cools.
rivet is at a welding temperature

when

As the
it

has

the other head formed, it soon cools to the temperature of the surrounding air, and, in doing so,
contracts.

tion

If

it

cooled to 75 degrees the contrac-

would be so great as to cause a

tensile stress

in the rivet of over 30,000 pounds per square
inch;

and in the case of a

section

is

yg-i^ich rivet,

whose

0.613 square inch, the total stress
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would amount

over 0.613x30,000=18,390
the two heads toward
pounds.
each other, and, in doing so, clamps together
very tightly the plates which are riveted
together. The plates, according to tests made,
are indeed clamped together so tightly that it
takes a considerable force to start them slipping over each other, even when the rivets are
not large enough to fill the holes.
The design of riveted joints will be taken up
This

to

pulls

later.

TESTING OP STRUCTURAL STEEL
Chemical Tests. These are made in
order to determine the percentage of the metalloids present in the steel the chief of which
are carbon, silicon, manganese, sulphur, and
phosphorus. In making a melt of steel in the
Bessemer or open-hearth furnaces, chemical
23.

—

tests are first

made

of the various parts of the

charge and of the recarburizing material. A
careful computation is then made as to how
much of each of these is required to make steel
of a given carbon and other metalloid content.
During the progress of the open-hearth heat,
small test bars are made at frequent intervals
from the metal, and quick determinations of the
carbon content are made. By this means it is
ascertained when the carbon has burned down
to the desired percentage; then the "recarburizer'^ is added and the material poured.
The making of chemical tests is of great im-
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—
—

portance; but the heat treatment of steel that
is, the working of it when it is cooling
^has
such an effect on this material that steel of
various physical properties can be made from a
bath of the same chemical composition.

Fig. 18.

Diagrammatic Representation of Testing Machine.

However, as most structural steel receives
the same heat treatment, chemical analysis is a
good guide to physical properties. Chemical
tests are certainly invaluable in indicating the

presence of sulphur and phosphorus.
Physical Tests. After the steel is
24.
manufactured, various physical tests are often
insisted upon by the purchaser, and are conducted in order to make sure that the material
is of the required strength and ductility. For it
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not always true that the stronger the steel
the less ductile it is, although that is the case as
a general rule.
Since the compression test is difficult to
is

make, and since the

tensile

stress

indicates

closely what the result of the compressive test
would be, the tensile test is the one usually employed. A piece of iron is put into a machine of
which Mg. 18 is a diagrammatical representain
tion. The vertical screws drive the head
a vertical direction. The bar to be tested is put
in at t; and the machine, which runs by hand oi
moves downpower, is started. The head
ward; and at last the test piece, which is held
together tightly by the clamps, is pulled apart.
The scale beam B is kept balanced by the operator moving the weight w backward or forward,

H

H

and the amount of pull on the piece

is

registered

at all times during the pull.
The highest value registered is called the
total strength of the bar; and if this amount is
divided by the area of the cross-section of the
bar, there is obtained the ultimate unit-stress—
often called simply the ultimate strength. As
the area of the bar is measured in square inches,
and the total strength is in pounds, it follows
that the ultimate strength is in pounds per
inch
square inch. For example, if the bar was
in diameter, and the highest value registered on
the scale was 18,715 pounds, the ultimate

%

strength would be 18,715^0.3068=61,000 pounds
per square inch. The value 0.3068 is found in
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column 5 (C 261), and is the area of a %-inch
bar. If the bar were 1% inches in diameter,
and the beam registered 86,273 pounds, the ultimate strength would be 86,273-f-1.4849:5«:58,100
pounds per square inch, the 1.4849 being the
area in square inches of a 1%-inch bar, which is
found in column 5 (C 261).
The ultimate strength may be defined as the
force required to pull apart a bar one square
inch in cross-section.
At first, as the pull on the bar in the machine
increases, the bar stretches at a uniform rate;
that is, for every pound increase in weight, there

a corresponding amount of stretch, and this
is constant for each pound increase up
to a certain point. When a certain pull on the
bar is reached, the amount of stretch per pound
of tension changes quickly, and is considerably
greater than that previously shown, being 1,200
to 1,300 times as great. Not only is the amount
greater, but the rate of increase is variable, becoming greater and greater as the test progresses, until, when the bar breaks, the stretch
for 1,000 pounds of pull of the machiue is about
1,500 times what it was at first. The amount of
stretch or elongation, as it is called
is expressed in percentage of the length over which
it is measured, and it is an indication of the
ductihty of the metal or its ability to bend considerably without cracking. The percentage of
elongation for any certain class of steel is practically constant, being almost independent of
is

amount

—

—
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the size of the section, provided the measured
length is the same.
The rate of increase in inches per amount of
load is constant for all lengths, sizes, and classes
of steel up to a certain point namely, where
the rate of increase in elongation changes. That

—

is,

the elongation, divided by the

number

of

pounds which produce that elongation, gives
practically the same result for all steels. This
result is 30,000,000, and is called the modulus of elasticity that is, the measure of elas-

—

ticity.

It signifies that the elongation, for each

inch in length

up

to a certain point,

is,

when

measured in inches, equal to one thirty-millionth
of the load in pounds per square inch of crosssection of the bar.
ing manner:

It is expressed in the follow-

in which,

A=Total elongation in inches in a length of 1 inches
l=Length over which the elongation is desired;

P=Load on the bar;
A=Area of the bar in square

inches

;

;

and

E=30,000,000.

%

For example, if a bar
iiich in diameter is
18 feet long, and it is known to carry a stress or
load of 18,030 pounds, the total stretch would be:

^=
Here the 18

18,030x18x12
0.6013x30,000,00Q

=Q-^^^ ^'^•

feet is reduced to inches

by multi-
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12,

and the 0.6013

is
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the area of a

%-inch round rod (C 261).
After the rate of elongation has changed
from what it was at the start, the steel has
begun to fail. This point occurs when the stress
of the ultimate, and the
to
gets to be from

% %

,yfiC<y,

dortyafeon in incAes
Pig. 19.

point

is

Automatic Diagram of Tensile Test of SteeL

called the elastic limit.

Mark

this well,

and note that no allowable stresses should ever
be above the elastic limit. It is immaterial what
the ultimate strength of a material may be the
elastic limit is what the engineer or the designer
must know, and he must realize its importance.
If the elongations are measured by delicate
instruments (called extensometers) and the
readings of the scale beam are taken at the same
time, the machine of course being stopped while
;

,
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the readings of the extensometer and the scale
beam are being taken; and if the elongations ara
plotted or laid out on a diagram from left to
right along the horizontal, and the pounds per
square inch are plotted along the perpendicular,

drawn from these points will meet in a
series of different points; and a line drawn

lines

through these points will give a curve, Fig.
19, which will show the elastic limit and the
ultimate strength.
Sometimes the machines
have instruments attached that draw the
curve while the test is going on. Fig. 19 is a
curve of an actual test. The total elongation
in 8 inches is seen to be 2.1 inches, and
the percentage of elongation is therefore
2.1-^8=26.25, which is better than is usuallyspecified.
The elastic limit is seen to be
54,500 pounds per square inch, and the ultimate
strength is 75,000 pounds per square inch.
These values are too high for structural material, although the test piece was a piece cut from
a %-inch rod. Evidently the rod got too cool
during the last few passes in the rolls, and thereThis
fore it was cold-rolled to some extent.
would account for its rise in strength.
Fig. 19 shows that just after the elastic limit
is passed the material stretches out very fast,
and that the load for a little while is less than
it

was

at the elastic limit.

yield point,

This

is

called the

and in commercial testing

is

some-

times but incorrectly spoken of as the "elastic
limit." The yield point may be determined

is
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without the use of extensometers, since che beam
on the testing machine will drop down for a few
seconds. A common operation is the determination of the yield point by the drop of the beam.
Wh«n the ultimate strength is reached, the

Fig. 20.

Fig. 21.

Showing Necking-Down Action.

bar begins to neck down rapidly at some point,
and quickly breaks, sustaining a load just before
fracture about equal to the elastic limit. A
necking-down point is shown in Fig. 20; and the

two pieces just after fracture are shown in Fig.
The lower half is shown in section in order
to show the cup-shaped fracture more closely.

21.

This fracture

is characteristic

of

medium

steel.
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shows

little if

show

while hard steel
any necking down, and breaks

Soft steel does not

it;

straight across.

This reducing is called the reduction of area,
and is an index of the malleability of the material.
The amoimt of reduction of area is expressed as a percentage of the area of the original cross-sectional area. Thus, if the bar was
inch == 0.750 inch in diameter before testing,
and 0.432 inch in diameter at the fractured part,
the following is true

%

Original area of 0.750-inch bar (G 261)=0.4418 square
inch;

Area of fractured end of 0.432-inch bar (C 289) =0.1466
square inch;
area=0.4418— 0.1466=0.2952 square inch;
Reduction of area in per cent=0.2952-^0.4418=66.8,
which is very good for structural steel.
Eeduction

of

Where the materials are subject to shock, as
in case of railroad rails, the material, after it
has been formed into the completed article, is
subjected to an impact test. This consists in
letting a certain weight drop from a certain
height and strike the test piece, which is usually
a beam, in the center. The amount of deflection
is then measm^ed, and the beam is struck another blow. The deflections under succeeding
blows are measured, and the general distortions
are observed. From this data can be deduced
an idea of the ability of the article to withstand
impact, which is another name for the striking
of a blow or blows.
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Factor of Safety.

of ultimate strength

and

Now
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that the subject

elastic limit are

under-

stood, the subject of the ''factor of safety'*

should be taken up. Since the strength of a
is no greater than that of its weakest
part, and since, even with the best of care in the
manufacture of steel, some that is not nearly so
strong as the remainder will find its way into
structures, and also since at times structures
will be loaded far beyond those loads for which
they were designed, and the loss of life and
money caused by the collapse of a structure is
likely to be very great, it is therefore customary
not to take any chances of having a collapse, but
to make the structure much stronger than it
really would need to be if the quality of the steel
were known to be the same throughout. The
next question is, how many times too strong
shall it be? Is it 2, 3, 4, or 5, or even 6"? It is
seldom 2, often 3, 4, and 5, and sometimes 6.
structure

In these figures we have what
inadvisedly, as wiU soon be seen

is

—

—

called

^the

^but

factor of

safety.

The

stress

which

is

used in designing

mem-

working stress, or
simply the allowable stress, and is obtained by
dividing the ultimate stress by the factor of
bers

is

called the allowable

safety. The word unit-stress is understood in
both cases as the stress in a certain area taken as
a unit a certain number of pounds per square
inch.

If the stress which comes

upon a member

is
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TABLE V
Factors of Safety and Allowable Stresses

Ultimate Strength of
Class of

Work

Steel, 60,000

Class of Stress

Buildings

Highway Bridges.

Medium

.
.

Railroad Bridges ..
:

Dead and Live Load
Dead Load
Live Load
Dead Load
Live Load

Pounds per Square Inch

Factor of
Safety
3
2.4
4.8
3
6

Allowable Working
Stress
20,000 lbs.

(25,000
112,500
(20,000
110.000

per sa. in.

"

"

"

"

—
—

caused by a constant load such as the dead
weight of the structure, or a concentrated load
which remains the same then the factor of
safety is small, because the conditions are quite
well known. If the structure is subjected to
moving loads which cause considerable jarring,
then the factor of safety must be greater than
in the former case.

If the jarring is violent,

then the factor of safety must be high.

V

Table

gives factors of safety and allowable unit-

stresses for various classes of structiu*es.
It should be noted that the ultimate strength
is

divided by the factor of safety to get the

working stress. This should not be. The elastic
Hmit should be divided by the factor of safety,
and our so-called "factors of safety" would
then be about one-half of what they now are,
since the elastic limit in structural steel is one-

half or a
strength.

over one-half of the ultimate
Since, when the metal has been

little

member
much of the

stressed beyond the elastic limit, the

has started to fail, and there is not
so-called "safety" in it, it will be clear that
when a factor of safety of 4 is used, it does not
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TABLE VI
Standard Physical Beciuirements of Structural Steel
(Theodore Cooper)

Class
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the reduction of area is not a requirement in
Table VI. This is due to the fact that the percentage of elongation indicates the same thing.
The Test Piece. Since probably from
27.
75 to 85 per cent of the total elongation is within
the limits of the necking-down part of the bar,

and since

this portion of the elongation is con-

stant for bars of the

same diameter or rectangu-

lar cross-section, it is of

prime importance that

the length of the test piece over which the elonAfotir»» fAan 9'

Fig. 22.

gation

is

Form and Dimensions of

measured be

r

Steel Plate for Testing.

stated, and, moreover,

that the length should be standard in order that
different tests may be directly comparable as

regards percentage of elongation shown.
Experience has shown that a length of eight
inches is convenient, and this length is now
most generally used. The relation of the length
to the diameter of the test piece, or, if it be of
square or rectangular shape, to the dimensions
of the cross-section, affects the reduction of area.
The ultimate strength and the elastic limit are
also affected by both the area and the dimensions of the cross-sections. Hence it is important that test pieces should be standard. As
yet, however, no one shape has been universally
adopted, although commissions and technical
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societies of France,
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Germany, and America have

each proposed as standards test pieces whose
dimensions differ very little among themselves.
Where nothing is said to the contrary, structural steel is tested with a measured length of
eight inches, and the shape of the test piece is
nearly always that recommended by the American Society for Testing Materials. This is
the result of the best thought and experience of
the foremost steel men of this country, and, as
such, should be used in all cases.

Fig. 23.

Microscopic Appearance of Absolutely Pure IxOB.
Crystals closely packed together.

form recommended for
In case of round specimens the meas-

Fig. 22 gives the
plates.

ured length is the same; but the diameter, if possible, is taken as equal to one inch, or, in case
any other diameter is used, certain increases or
decreases are allowed in the variation of ultistrength, elastic limit, and percentage of
elongatjpu and reduction of area.

mate
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2

For further information

^

on
is

this subject the reader

referred to the Proceed-

ings of the American Society for Testing Materials;
to ''Materials of Construc-

Ego
8^^

Johnson), and
to "Manufacture and Properties of Structural Steel"
(H. H. Campbell).
28.
Microscopic Tests.
If the surface of a piece of
steel is polished and then
treated with certain chemtion'^ (J. B.

MooS

•a

M

*^

icals,

certain parts of its

surface will remain unal-

Pure iron will be unattacked, while compounds
of iron and the metalloids

tered.

CM
I

will be darkened.

«H
I

I

o'ln'cj

usuae

02

The result as a whole
cannot be observed with
the naked eye; but, if put
under a microscope and
magnified about 500 times,
the e:ffect is remarkable.
Pig. 23 shows what absolutely pure iron would look
like.

It

shows the crystals

When

a

smaU amount

of carbon

is

in the iron,

does not, as

closely together.

it
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was formerly supposed, distribute itself through
the total mass uniformly, but it combines in large

—

—

percentages say 0.9 per cent with a small portion of the iron; and the resulting substance,
which shows dark under the microscope, is
found here and there between the masses of
pure iron; see Plate 6 (a). As the percentage
of carbon increases, larger proportions of the
pure iron combine with it, and the dark places
increase until the percentage of carbon rises
to about 0.9 per cent, when the iron appears
darkened all over; see (b), (c), and (d), Plate 6.
In case other metalloids besides carbon are present, the iron may take up a larger percentage
of carbon than 0.9 per cent; and then, while the
carbon content of the steel may be larger, it
will have more of free, pure iron in it than the
lower-carbon steels. Plate 6 (e) (Institute of
Civil Engineers, Vol. 123, 1896) shows such a
case.

is,

These views in Plate 6 are homogeneous; that
the arrangement of the "carbon iron cement,"

may be so called, occurs with fair regularity.
however, the steel is poor, the microscope will
show irregular-sized crystals or long, dark
places. At (f), Plate 6 (from "Engineering")
if it

If,

shows some

flaws.

Physical Properties of Metals. There
are many different grades of cast iron, wrought
iron, and steel; and their ultimate strengths,
elastic limits, and percentages of elongation
vary considerably, even in the same class of
29.
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Table VIII shows the variation in

material.

physical properties.

CLASSES OF STRUCTURAL MEMBERS
Beams and
30.

girder.
tically

Structural Girders

The simplest member is the beam or
The terms "beam" and "girder" pracsignify the same, and are so used by

f=
Fig. 24.

many persons.

1
Simple Beam.

It is better, however, to

make a

and to designate a member which is
not built up, and which is the same size throughout, by the term beam. Those members which
are composed of one or more beams, or of
various combinations of plates and shapes, and
which may or may not be of same size throughdistinction,

out, should be called girders.

3rT^

u

^jaafz
Fig. 25.

Cantilever Beam.

The same formulas for stress apply to both
beams and girders, but the method of design is
different.

A beam or girder may be
ber which

and which
31.

is

defined as a

mem-

supported on one or more supports,
stressed by being bent.

is

Classes of Beams.

Beams

or girders
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are divided into several classes, according to the
manner in which their ends rest or are fixed on

These classes are:

the supports.
1.

Simple beams, or beams

which have the

ends

resting freely on two supports (Fig. 24).
2.

Cantilever beams, or beams which rest on one sup-

port only. Ofttimes cantilever beams have the second half
built in a wall, one half only being

A

A

Fig. 26.

'

Overhanging Beam.

A

used (Fig. 25).

A

i.

A

Continnous Beam.

Fig. 27.

Overhanging beams, which are a combination of
and 2 (Fig. 26).
Continuous beams, or beams which rest on more
4.
than two supports (Fig. 27).
3.

classes 1

^
Fig. 28.

^
Restrained Beam.

Restrained beams, which rest on two supports,
5.
but have their ends fixed so that they are immovable
(Fig. 28).
6.

Hybrid beams, which are beams combining the
two or more of the above classes of

characteristics of

beams.

Simple beams are used to a far greater extent than all other classes put together. In their
case, it is comparatively easy to analyze and
calculate stresses; and it requires no heavy construction to hold the ends of such beams, since
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they are perfectly free to move on their supports.

Overhanging beams are seldom used.
are, as will readily

They

be seen, a combination of sim-

beams with cantilevers at the ends. The
method of determining the stresses in them is
more complicated than in the case of simple
beams; but the design of overhanging beams
and, in fact, of all the other types of beams is
ple

—

as simple as the design of the simple
once the stresses are obtained.

beam

it-

self,

Continuous beams are seldom used.
The
computation of the stresses in them is quite
complex. Also, the supports must always re-

main

same elevation as when first built;
for, if these should happen to rise or sink, extra stresses would occur in the beam, and, should
at the

the difference in elevation be considerable, the
stresses might become so great as to cause failure or rupture of the beam.

On

account of the fact that it is practically
impossible to make foundations which will not
settle to at least some small extent, beams of
this class should never be used where they will
rest on any artificial foundation. Theoretically,
continuous beams are more economical than
simple beams; but the fact that the foundations
settle causes such uncertainty, and also such
excessive stresses, that their use has been almost
discontinued, except in cases where foundations
are on the natural solid rock.
Restrained Beams. This class is open to the
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same objection

as continuous beams, for, if the
supports should settle, the stresses would be increased above those computed. Theoretically,
restrained beams require less material to support a given load than do simple beams, but the
uncertainty of the stresses resulting from the unjiiiiiiiiiHiiiimiiiiiiiiiHiMl
Fig. 29.

Simple

Beam with

-i

known amount

li

Simple Beams with
Concentrated Loads.

Fig. 30.

Uniform Load.

bound

i

,

of settling of supports, which

is

on solid
rock, has either limited their use to such cases
or they are made the same size as would be reto occur unless the foundation is

quired for simple beams of the same span.
It is customary when a beam is partially fixed
or restrained at the ends, to consider it as a simple beam, and design it as such. Then it is cer-

Li

nMllllflOllllllP''''''''i"i''i'»'itni|H!mMliB

Fig. 31.

Simple

Beam with Both Uniform and

Concentrated Loads.

a given span
that is, the distance between any two supports
and a given load, the simple beam requires more
material than any other class.
Loading of Beams. Beams may be
32.
loaded by a uniform load that is, a load of s®
many pounds for each foot of length; or they
may be loaded by concentrated loads that is, by
tain that

it

will be safe, since, for

—

—
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come in certain places, somewhat as if
a person were to set loads of given weights at
certain points. A beam may have one or more
concentrated loads upon it. It may also have a
uniform load and concentrated loads on it at the
same time. Pigs. 29, 80, and 31 show these different methods of loading, and how they are inloads that

=k
g'-°"

2^.^::

f
*

j

-g-i-o^

[

i
I

Fig. 32.

Comparison of Different Classes of Beams with Eaual
Cross-Sections.

In case a beam has both
concentrated and uniform loads on it at the same
time, the stresses due to the two Classes of loads
are worked out separately; and then these
stresses are added together for the design.
wheel on a beam is considered as a concentrated load, since it touches the beam at one
point only. Wheel loads are usually designated
as wheel loads, to distinguish them from concentrated loads, since they can be moved about to
any and every point on the beam, while concentrated loads cannot. Concentrated loads, in fact,
are often spoken of as fixed loads for the very
reason that they cannot be moved.
dicated in drawings.

A
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33.
Strength of Beams. The problem of
comparison of beams must be made with those
haviiig an equal number of supports and either
carrying the same load or being of the same size.
In the first case, the sizes are compared; while
in the second case, the carrying capacities are
comparedFor example, let four wooden beams be taken
which are as in Fig. 32, and let th^m all be 8
inches wide and 16 deep. It is required to show
how much each can safely carry. If they are of
oak, the wood can be str^sed up to 2,000 pounds
per square inch, and still be safe, provided the
load is a fixed one. The method of designing a
beam is given in Article 38. Let the load be imiform in each case. Table IX gives the results.

TABLE IZ
Oomfufaau ct Bluag lh of Beaais of 8 IndieB
Section

(See rigure 32)

Class or Bkxm

\if

16

ladMB in
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is that it is far too weak
The overhanging beam
would tend to fly up at one end when the load
first came on it; and after the load was in the

jection to the cantilever

for a given section.

middle, the ends would tend to fly up. This
would require additional expenditure in the first
case, to hold the beam down to the supports;
and in the second case, the moving up and down
of the ends would keep this class of beam from
being used in any work except when the load
was on it all the time. The objection to the restrained beam is that if either of the supports
settled while the load was on it, the beam would
be stressed above what was allowed, and perhaps made to fail.
In case it is impossible to secure a second
support, the cantilever must be used; otherwise
it is

inadvisable.

the foregoing, the following rule may
be deduced: Use a simple beam in all cases
where possible. If the beam is of the restrained
variety, treat it as a simple beam, and then the

From

settlement of the supports will not stress
enough to make it dangerous.

The

stiffness of

beams

portant factor.
The strength of a

is

beam

it

sometimes an imof given span de-

depth to a greater degree than
upon its width. It is a well-known fact that a
board will carry more when stood up on edge
than when it is lying flat. The depth being in-

pends upon

its

creased will rapidly increase the strength of the

a

PU

pi

13

a

t-(

CO

I—

I

-

S

-

M 2

££

- -^1:
rr>
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The

beam, the width remaining the same.
lowing is true:
Increasing depth 2 times increases strength

"
**
**

3

'*

4

''

"

5

''

"

*'

**

"

"

fol-

4 times.
9 times.
16 times.

25 times.

It is not so with the increase in width, the
depth remaining the same. The strength is doubled if you double the width; it is made three
times as strong if you make the width three

times as great; and so on.

o
01

Mini 40,Q00po»n^&l|nT

^

Spans C

^

\|
»

I

Fig. S3.

»

when Load

beam remains

the span 2 times as long

<(

<<

(<

li

And

"3
"4

"
<<

"
"

"
<<

Unifoxm

is

the same, then

the longer the span, the less load
Making

\|

•

Belative Capacity of Same Span
and Concentrated.

If the size of

^

C
Spq m
<n s
-C

j/

it

will hold.

makes the strength 1/4 of

"
"

"
"

"

**

1/9
1/lG

at first

*'

"

<<

"

'*

"

so on.

Any beam
load

when

will carry just one-half as

the load

is

much

a concentrated load at

its

center, as it will if the load is distributed over

the entire

beam

—

^that is,

a uniform load.

Fig.

33 illustrates this.
34.

Stresses in Beams.

When

a

beam

is
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subjected to a load, it bends; and in order that
it may bend, the top part must shorten and the
bottom part lengthen. Of course this shortening and lengthening is very small, and cannot be
detected by the naked eye; but this distortion is
what stresses the beam. If sections a-a and b-b
were marked on the beam with a very sharp instrument (say a knife edge), and these sections
were the same distance apart throughout their
length (say 10 inches, see Fig. 34), and then, if

Fig. S4.

Measuring Distortion
Beam.

in a

the

Fig. 35.

Due

beam were bent by loading

tions

showed

it

Showing Distortion
to Bending.

until

computa-

that the most stressed parts of the

beam were

stressed to 2,000 pounds per square
the distances between the two sections

and
were then measured at the top and bottom, it
would be found that the top would be almost
one-hundredth of an inch shorter, and the bottom one-hundredth of an inch longer. Pig. 35
shows this, the bending being greatly exaggerated. If a line c-c had been drawn along the
beam at its middle, and the distance between
the two sections measured before and after
bending, it would have been found out that the
distance was the same on both sides.
inch,
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shortened or
Fig. 35 it will

is

From
in the beam

stressed.

is stressed
he seen that the material
at the outer edges, and is not stressed at the center of the beam. It is also evident that at any
point between the middle and the edges, the material is lengthened or shortened somewhat.
This shows that the material is stressed at that
point, but the stress is greater the nearer the

the outer edge. The distortion (that
is, the shortening or the lengthening) at any
point and therefore the stress is directly proportional to the distance of the point from the

point

is to

—

—

one-half the distance out from the
center, the amount would be one-half of what it
was at the extreme edge (see Fig. 35). At all
center.

At

points on the line

c-c,

the stress is zero; that is,
this reason the axis incalled the neutral axis of

For

is

no

stress.

dicated

by

this line is

there

the beam.
Reactions of Beams. If a beam had any
35.
load placed upon it, the ends of the beam having
been previously rested upon scales, the scales
would register certain amounts. If the amounts

each scale registered were added together, they
would give a total equal to the weight of the
the load upon it. The amounts registered by each scale are called the reactions; that
is, the reaction is indicated by the amount of
pressure that the beam exerts upon the support. As the pressure of the beam under its
loads is downward, the reactions must always

beam and
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Fig. 36.

Illustrating Beactions.

act upwards, in order to keep the
It is just the

same

beam

in place.

—to take a simple example

and pushed against a man;
the man must push back if he expects to keep
as if one leaned over
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the first fellow in place. It is a fundamental
proposition or truth, that the sum of reactions is
always equal to the weight of beam and its loads.
If the load is a uniform one, if the load is at
the center, or if loads of equal weight are placed
at equal distances on opposite sides of the center,
then the reactions will be equal, and each one
will be equal to one-half the weight of the beam
and the loads on it. The reaction at the left

lb'

M/^.^/ ^ecr/7t s JOO ;o<?cy/zc/:.

20'
Fig. 37.

Reactions in a

Beam with

Concentrated Load not at

Center.

hand
is

usually called Ri, while that at the right
called R2 (see Fig. 36). For example, if the
is

beam weighed 100 pounds, and
distributed as in Fig. 36 (a, b,
tions

the loads were

and

c),

the reac-

would be as follows

In Fig. 36

(a),

Ri=one-half of (500+100)=300 pounds;

and R2 would be the same.
In Fig. 36 (b), Ri=one-half of (1,000+100) =550 pounds;

and R2 would be the same.

166
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In Fig. 36 (c), Ri=one-half of (40+400+200+400+40+
100)=590 pounds; and Rg would be the same.

If the loads are placed differently from the
above, the reactions will not be the same. If
one load is used, the reaction nearest to the load
will be greatest; and the nearer the load is to
the reaction, the greater will be the reaction. If
the load is right at the support, the reaction will
equal the load, together with one-half the weight
of the beam. If the conditions were as in Fig.
37, the scales would register:

Ri=690 pounds
R2=210 pounds

Sum=900 pounds

As

the total weight

is

800+100=900 pounds

(the 100 pounds being the weight of the beam),
this must be equal to the sum of the reactions,
and is so, as shown.
The determination of the reactions can be
made without the use of scales. The reactions
can be computed. In cases like those in Fig 36,

each reaction is, as before stated, equal to onehalf of the load and the weight of the beam.

In cases like Fig. 37, or where there are more
than one load irregularly placed or irregular in
weight (Fig. 38, a and b), the determination is
made as follows: Multiply each load by its distance from the end of the beam at which the reaction is not desired, and divide this by the span

STEEL CONSTRUCTION

167

of the beam. This will give the reaction due to
the loads, and to it must be added one-half the

weight of the beam.

5
J;

The

result is the reaction.
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For Ri
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200x 1=
340x 7=
400x15=
80x21=
75x29=

200
2,380
6,000
1,840

2,175

30)12,595(419 25/30

is
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since, in the design of beams, the beam is not
knawn until after the design is made, and therefore the beam is designed to hold up the loads
upon it, then the weight of this beam is computed, and then the beam is re-designed in order

may

that

it

and

also its

carry both the weight of the loads
own weight. This method of pro-

cedure will appear clearer after
studied in Article 38.

Illustrating Shear.

Fig. 39.

Fig. 40.

it

has been

Illustrating Shear.

Now,

referring to Fig. 39, suppose that while
the solid sash was still in the position, it were
sawed clear through along the dotted line. Now

what would happen? Why, since the left-hand
end of one sawed part is being pushed upward
by 14.4 pounds, and being pushed downward by
the weight on top, which is only 8 pounds, the
left-hand piece would move upward with a force
of 14.4 8=6.4 pounds. The right piece has a
force of 10 and 20, which is 30 pounds pushing
it down, and only 23.6 pushing it up, and there-

—

fore

it

will go

downward with

a force of 30 less
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which is 6.4 pounds, Fig. 40. Therefore
one part will move upward, and the other part

23.6,

downward, as shown in Fig.

40, the parts sliding

over each other along the section sawed. Before the material was sawed, the material at
this place was strong enough to keep the pieces
from sliding. In other words it w^as strong
enough to stand the 6.4 pounds. On accoimt of
the fact that the portions slide over each other
in a manner similar to being cut by a pair of
shears, the action is called shearing, and the
value 6.4 is called the shear. As long as the
loads between the place considered and the end
are less than the reaction at that end, that part
will move or tend to move upward with a force
equal to the difference between the reaction and
the loads.

When the loads on top and between the place
and the reaction are greater than the reaction,
then that portion of the beam will move or tend
to

move downward.

In order to simplify the work of writing out
certain portions of this work, the following signs

wiU be used:
X means Multiplied by;

+

"

Added

-

*'

=
f

"
"

Subtracted from or taken from (or negative)
Is equal to, or comes to, or the amount left;

to

(or positive)

Bivided by.

Thus 16+7=23 means that if 16 be added to
come to 23. Or again, 16-10=6 means

7, it will
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10 be taken away from 16 there will be 6
left, or the amount left will be 6.
From the foregoing, shear may be defined as
tendency of one part of a beam to slide past the
other part.
The actual value of the shear is equal to the
reaction Ri, less all the loads between the section (part under consideration) and the end at

that

if

which Bi

acts.

Fig. 41.

A

Beam with

its

Loads and Beactions.

In Fig. 41, a beam, together with its loads
and reactions, is shown. At various points along
its length are sections as 0-0, 1-1, 2-2, 3-3, etc. In
cases such as 2-2 and 3-3, and 5-5 and 6-6, the
sections are taken just as close to the loads as

STEEL CONSTRUCTION

ahead of and one just behind
The shears are computed as follows

possible, one just
it.
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Shear at 0-0=110-0 (no load)
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beam to move up, and in the second case to
move downward.
For a beam uniformly loaded the greatest
the

shear

equal to one-half of the total load on the
is, it is equal to either reaction, since
these are equal.
Unless a beam is very short, say not longer
than ten times the depth, it will be safe for shear
if it is large enough to carry the loads.
Bending Moment in Beams. The bend37.
ing moment, often simply called the moment, is
that which causes the beam to bend or to break.
The amount of bending moment depends not
only upon the weight of the loads but also upon
the position of them. It is well known that a
man may stand out a short distance from the
end of a small plank and be safe, whereas, if
he were to go further towards its center, it would
break and let him down. The rule is that the
further a load gets toward the center of a beam,
the larger the bending moment it will create.
The bending moment at any section is equal
to the amount obtained by midtiplying the left
reaction by the distance from the section, and
then taking from this value the amount obtained
by adding together the results obtained by multiplying each load which is between the section
and the left reaction, by its distance from the
is

beam; that

is the rule for beams with concendistances should be in inches.
All
trated loads.
In the case of a uniform load the greatest mo-

section.

This
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ment occurs at the center

of the beam, and is
equal to the total load multiplied by the length
of the beam measured in inches and then divided

by

8.

In a series of concentrated loads, the greatest
will occur under one of the loads. It is
uncertain which load this is and so the moments
under each load, beginning at the left-hand load,
should be computed until it is found.
Referring to Fig- 41, the moments are as fol-

moment

;

lows:
Moment

Computations
Under load
"
«

60
"
20
"
70
« 100

110X60=

lbs

"

:

"

:

"

:

6,600
11,500
13,920
110X240— (60X180+20X84)=
110X336— (60X276+20X180+70X96)= 10,080

—60X96=

110X156

This shows that the greatest moment is under
the 70-pound load, and therefore the beam must
be designed to withstand that moment.
^S5o joottyze/» per /aoi o/ £>pczn

Fig. 42.

Illustrating

Bending Moment in a Simple Beam.

If a beam were as in Fig. 42, the total weight
would be 350X40=14,000 pounds. The greatest bending moment would then be, according to

the above instructions
(14,000x40x12) +8=840,000
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The numerical operations

are:

14000
40

560000
12
1120000
560000

8)6720000(840000
64

32

"~0000

This beam would then have to be designed to
stand a bending moment of 840,000.
Since the bending m'oment is obtained by
multipljdng pounds by inches, it is spoken of as
pound-inches; that is, the bending moments
above would be spoken of as 13,920 pound-inches
and 840,000 pound-inches, respectively.
It may be desirable to determine the bending
moment at a point other than under a load. The
method is the same as previously followed. For
example, supposing it is desired to determine
the bending
41, it

moment (M)

at section 4-4 of Fig.

would be:
M=110xl25-60x65
=13,750-3,900
=9,850 pound-kiches.

By comparing
load 60

and load

with the moments under
it will be seen that, while

this
20,

Courtesy of Ameiieau Bridge Cu.

i'LATIRON BUILDING,

NEW YORK

CITY,

UNDER CONSTRUCTION.

At junction of Broadway, Fifth Avenue, and 23d Street. Twenty
stories, including basement.
Weight of steel used, 0,963,500 lbs.
Plate 21

Steel CoNSTnccTiON.
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greater than that under 60, it is smaller
than that under 20. This brings to notice the
fact that the moment, unlike the shear, is not the
it is

same between any two points when the beam
unsymmetrically loaded either according to
the placing of the loads or their weights. This
fact is also true in the case of a beam uniformly
is

loaded.

The bending moment is usually designated
by the letter M, and the shear by the letter V.
If it is desired to designate at what section the

moment

or shear

M
Vj^jj
or,

is

taken,

it is

written thus

means Moment at section a-a
"
Shear at section b-b;

Mj

**

"

Va

Moment

at first point;

Shear at second point, or in between
first and second loads or points.

DESIGN OF BEAMS
The design

of

beams

a simple matter,
once the character, amount, and position of the
loads that come upon them are determined.
The case of imiform loads will first be considered.
The usual case is where a series of
38.

is

beams run side by side at a certain distance
and these carry the floor as in Fig. 43,
which is a view looking down on top of the floor.
They may be spaced equal distances apart, or
they may not. In the figure, the span of all the
beams is 20 feet, and the first three are spaced
5 feet apart, while the last is 8 feet from the
apart,

third beam.

STEEL CONSTRUCTION

176

The loads that are to come on a beam are
usually stated as so many pounds per square
foot of floor surface, and the weight of the floor
material is given in pounds per square foot.
These values are different for different cases.
The weights of floors can be ascertained from
any architect. Some kinds of floors are shown
in C 48-49.
The weights of floor per square
foot will vary from 10 pounds for simple twothickness wood, to 50 pounds or more for reinforced concrete. The so-called live load, or load
which may be put on the floor after it is built,
M.

/J

I

F-Hh

+-

4^

.26

u

^

'-4

tf-'*:

^oiuma

Co2t/fn/ii

\

J

nft.

a*
Fig. 43.

Beam Framing.

by the specifications. This varies
from 100 pounds per square foot for ordinary
office buildings, to 700 or 800 pounds or more for
warehouse floors or floors on which heavy ma-

will be given

chinery

is

then,

to find out the

is

to be placed.

All that

number

is

required,

of square feet
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there are on which if a load be placed the entire
weight will come upon the beam in question, and
then multiply this by the weight of the load on

a single square foot.
To determine the number of square feet as
above described, multiply the span of the beam
by the sum of the distance to the beams on each
side of it, and divide the result by 2.
For example, let it be required to determine
the number of square feet on which, if loads were
placed, the

beam

Fig. 43,

2,

would be

20x(5+5)^2=100 square

The computation

is

stressed.

feet.

as follows:
5
5

"lO

20

2)200
100 square feet.

This may be stated another way as follows:
Multiply the span of the beam by the distance
from the center between beams on one side to
the center between beams on the other side; or,
if the beams are spaced equal distances apart,
multiply the span by the
beams.

In case of beam 2 in Fig.
rules give

5X20=100

distance

between

two
the same as

43, these last

square feet

before.

For beam

3,

Fig. 43, the spacing is unequal.
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The

first

method gives 20X (5+8) -4-2=130. The

second method gives 20x6.5=130. The third
method cannot be applied, since the spacing is
not the same. Beam 1 has 110 square feet, and
beam 4 has 150 square feet. The computation
of this is left to the reader.

Supposing that the floor material is such that
weighs 15 pounds per square foot, and the
specifications demand that the floor shall hold a
load of 300 pounds per square foot, the total
loads on the beams are now computed as follows
it

Beam

Squaee Feet

1

2
3

4

x Load

per Squabe Foot

110x315
100x315
130x315
150x315

Total Load

34,650 pounds
31,500

40,950

47,250

"
''

"

First Method of Design. Once the total load
known, and the kind of beam that is to be
used, the beam may be taken from the tables in
the handbook if the specifications allow a unitis

On pages 70 to 80 incluCarnegie Handbook, are tables giving the
number of tons a beam of certain kind, size, and
span will carry. A ton is 2,000 pounds, and
therefore the above values must be divided by
2,000 in order to reduce them to tons. These
stress of 16,000 pounds.
sive,

loads are:
Beam
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an I-beam, and beam 3 is to
be designed, we must find the span 20 feet in
the first column, and look across until we find
a value of 20.48 or a little greater. On (C 70),
under a 15-inch 60-lb., is found 21.65, and this
shows that the beam we require is some place
between this and the 15-inch 42-lb., which is the
next column to the right and which gives 15.71
tons. By (C 97) it is seen that the I-beams between 42-lb. and 60-lb. are 45, 50, and 55-lb. sections. On pages 70-74, in the colmnn to the right
of the values of tons for any particular sized
I-beam or channel, is the amount of a ton that
can be added to the value given in the columns
to the left in order that the tons for an I-beam
or channel not given in these tables may be computed. The number of tons which the 45, 50,
and 55-pound I-beams will hold are computed
as follows, the span being 20 feet in each case
(C 70)
If the

Section

beam

is

to be
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The weight of tKe
and the load, in
-^2,000=0.6;
(60x20)
addition to its own weight, which the 15-inch
60-lb. beam can carry is (21.65-0.60) =21.05.
The 15-inch 60-lb., with a carrying capacity of
21.65, including its own weight, comes the nearest to the required, and could be used.
This beam will be used if the depth of the
beam is limited to 15 or 16 inches; but if it is
not limited, it will be better to use an 18-inch
55-lb. beam. The table (C 70) shows opposite
the 20-foot span a carrying capacity of 23.58
tons, and it should be noted that the weight is
5 pounds less than the 15-inch 60-lb. beam.
Therefore the 18-inch beam is cheaper and
should be used. This point is often overlooked
by designers. After a beam is designed as
closely as possible according to its carrying
capacity, one should see if there is not a deeper
and lighter, and therefore cheaper, beam which
will carry as much or more weight.
If beam 4 is to be designed, it will be seen
by (C 70) that an 18-inch 55-lb. carrying 23.58
tons (including its own weight) is too smaU.
By (C 97) it is seen that there are also 18-inch
beams weighing 60, 65, and 70 pounds. In the
table (C 70), the column to the right of the
18-inch beam column shows that, for each pound
above 55 pounds, the beam will carry 0.24 ton.
The carrying capacities of the 18-inch beams
actual carrying capacity.

beam

are:

is
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weight of section. The 15-inch 35 and 40-pound
channels have net carrying capacities as follows
Chan- Difference
NEL
IN Weight

Net Capacity

Total Capacity

35

35 - 33 = 2

11.11 + 0.20 x 2 = 11.51 tons

40

40-33 = 7

11.11 +

0.20x7 = 12.51 "

11.16 tons
12.11

"

The required net carrying capacity for one
beam is 11.82 tons. Comparing this with the
above computations, it is seen that two 40-pound
15-inch channels are sufficiently strong. They
are, however, very costly, when compared with
the one 60-lb. 18-inch I-beam, since the two
channels weigh 80 pounds, whereas the single
I-beam weighs 60 pounds. In general it may be
said that when used as a simple beam, a single
shape is more economical than two or more
others.

Second Method of Design. A second method
may be employed to determine the size of the
required beam. This is by the tables (C 97-106).
In this case a little more latitude is allowed in
the unit-stresses employed. Either 16,000 or
12,500 pounds per square inch may be used as
desired, in case of beams and channels; while

may be
designed by the

for Z-bars or T-shapes, 16,000 or 12,000

used.

In

this case the

beam

is

use of the coefficients in the columns headed

CandC.
Rule

For uniform

loads, multiply the total

load on the beam in pounds by the span in feet,
and select the sized shape in the columns of the
ta.ble which occur on the same line as the value
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under C or C, as the case may be, which is
equal to, or larger than, and as close as possible
to, the value obtained by multiplying.

For example,

let it

be required to design

beam

3, which has a total load of 40,950 pounds,
the allowable unit-stress being 16,000 pounds
per square inch. The span is 20 feet. For this

case, the required coefficient

819,000.

Now, looking

find 866,100 as nearest to

000;

and on the same

found the

C = 40,950 X 20=

in the coliunn *'C,"

line

we

and larger than 819,in columns 2 and 3, is

15-in. 60-lb. I-beam.

This 866,100

is

the total C for that beam, and from this must be
subtracted the C due to the weight of the beam.
The weight of the beam is 60x20=1,200 pounds,

and

C

1,200x20=24,000. This gives a net
C of 866,100—24,000 842,100. This beam
could be used; but, by further inspection, it is
found that C for an 18-in. 55-pound I-beam is
its

is

As

=

beam

stronger as shown
by the larger C, and lighter than the 15-in. beam,
This is the same result arit should be used.
943,000.

this last

rived at by the

much

first

is

method, and this method

is

shorter.

it be required to design the same beam
the allowable unit-stress is 12,500 pounds
is obtained in the same manper square inch.
ner, and is equal to C that is, 40,950 x 20
This time we must look in the 13th
819,000.
is given (C 98).
The value
column, where

Let

when

C

—

=

C

next above 819,000 is 853,000, which is for an
18-in. 70-lb. I-beam, as noted by following the
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over to the 2d and 3d columns. From
of the
this 853,000 must be subtracted the
beam. The weight of the beam is 60x20=1,200,
for
The net
is 1,200x20=24,000.
and the
the 18-in. 70-pound beam is then 853,000—24,000
=829,000, which is larger than the required
819,000, and therefore shows it to be strong
enough. It will be noted that a 20-in. 65-pound
of 974,700, which shows it to
I-beam gives a
be stronger, and as it is also 5 pounds lighter
than the 18-inch beam, it should be used unless
the depth is limited to 18 inches for some reason.
Third Method of Design. A third method is
one which can be used for all kind of beams, all
kinds of loading, and all values of allowable
unit- stresses. The great objection to the above
methods is that they can be applied in case of
uniform loads only, and that the allowable unitstress is limited to one or two values. This third
method may be divided into several steps,
namely:

same

line

C

C

C

C

C

Determine the greatest moment in the beam.
(b) Divide this by the allowable unit-stress.
(c) The result is the required section modulus, S.
(d) Look in the column headed S (C 98-120), and,
finding a value for S equal to it or next greater in value,
pick out the size of the shape in the columns on the left(a)

hand

side of the page.

be required to design beam 3, Fig. 43,
method, when the allowable stress is
16,000 pounds. According to the rule on page

Let

by

this

it
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M= (40,950 X 20 X

12)^-8=1,228,500 pound inches.
Then, by
viding this by 16,000, S is obtained. It is

di-

S=(l,228,500) -16,000 = 76.9.

By

looking in the column headed "S" (C 98),
the next highest value is 81.2, and this belongs
to a 15-in. 60-pound beam. The S required for
the beam must now be computed. The weight
of the beam is 60x20=1,200 pounds; the

moment

is (1,200x20x12)^-8=36,000 poundand the S required is 36,000-t-16,000=
The net S for the beam in question is 81.20

inches;
2.25.

—-2.25=78.95, which, being greater than the 76.9
required, shows that the beam is strong enough;
but, as before, it will be noticed that the 18-in.
55-pound beam, with S
88.4, is lighter and
stronger, and therefore cheaper. It will be used.
In case the allowable unit-stress was 10,000
pounds per square inch, as is likely to be the
case in railroad bridges, the S required is 1,228,500-f-10,000=122.85. This shows that a 20-in.
75-pound beam will probably do. This beam has
a total S of 126.9, requires an S for its own
weight of (75 X 20 X 20 X 12) -f- (16,000X8) =2.81,
thus giving a net S of 126.90—2.81=124.09,
which is sufficient, as it is greater than the re-

=

quired S of 122.85.

Many engineers, in their specifications, allow
may neglect the

that, in designing, the designer

weight of the beam
weight it carries.

if it is

about one-tenth of the

Under

this

condition, the
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weight of the beam in all the above cases would
have been neglected.
As has been mentioned before, the beam is
usually safe to resist shear when it will carry
the load in bending. Let beam 4 of Fig. 43 be
investigated to see if it is safe to resist shear.

The allowable

unit-stress in shear will be taken

as 10,000 pounds in this case.

In any special

case the specifications will give the stress allowed. The total end reaction of beam 3 is

40,950-7-2=20,475 pounds (see page 163). This
the greatest shear (see page 174). The number of square inches required to resist the shear
is

is:

20,475-10,000=2.0475 sq.

in.

On page 187 the beam has been designed and
found to be a 15-in. 55-pound I-beam. In column 4 (C 97), the area of the beam is found to
be 16.18 square inches, and this is amply safe in
this respect. This great difference between the
required and that given is not unusual in the design of beams, but is a usual fact. Beams large
enough to carry the load so as to prevent breaking by bending, usually show a great excess
when examined for shear. See page 212 for further information on this point.
In some cases the moment is so small that
either an I-beam, a channel, or a Z-bar may be
used. In such case, the three are designed, and
the lightest (and therefore the cheapest) is
taken.

For example, suppose the moment

in a cer-
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tain beam was 125,000 pound-inclies, and the
allowable unit-stress was 12,000 pounds per

This would require a section

square inch.

modulus

of:
S=125,000-=-120,000=10.50.

By reference

column 11 (C 100), the nearest section modulus is found to be 11.2, and this
belongs to a 7-in. 17.5-pound I-beam. On (C
102), in column 11, is found a section modulus
of 10.5, which belongs to a 9-in. 13-pound channel.
In column 9 (C 104) is found the value
11.20, which is the nearest to the required (but
must be greater) and this belongs to a 5% by
3% by 13/16-in. Z-bar, which weighs 28.3 pounds
per linear foot. Further inspection shows that
the 6% by 3% by %-in. 21.0-pound Z-bar gives
an S of 11.22; and since it weighs less, it is
to

;

cheaper.
Ib.

It is

now seen

that either a 7-in. 17.5I-beam, or a 9-in. 13.25-lb. channel, or a 6%-

Z-bar will be sufficiently strong to
carry the load which produces the bending
moment of 126,000 pound-inches. By looking at
the weights per foot, it is seen that the channel
is the best one to use, and hence the following is
in. 21.0-lb.

true:

When

the loads are vertical and the beam is
also in a vertical position (that is, standing up
on edge, with web or central portion perpendicular),

and when one beam

carry the load, the channel
section.

will be sufficient to
is

the most efficient
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When

the loads are vertical and the

inclined (as, for examx)le,
truss, Fig. 44), the

Z-bar

is

beam

is

when

it is on a roof
the most economical

section, as can readily be proved by higher
mathematics. In this case the section modulus
of a beam is different from that given in column
9 (C 104). Since Z-bars are seldom used as

Pig. 44.

beams except

Classes of Purlins.

in roof

work (and then they are
in Fig. 44), the S for the

placed in position as
sizes most used are given in Table XI for the
different slants of roof most used. For other
slopes, the values will lie between those given,
and may be very closely determined from the
values given. Thus, suppose the slope of your
roof was between 30 degrees and
that is,
between 30 and 34 degrees. If the slope of your
roof was 33 degrees, this would be 33 30=3 de-

%—
—

grees above the 30-degree slope and the section
modulus would then be: 8.9— (8.9—7.1) X3
-^ (34— 30) =7.55 for a ei/g-in. 21.0-pound Z-bar.
;

{

)

To show the strength when the Z-bar is
turned, the bending moment of 126,000 poundinches will be taken, and the slope of the roof
taken as 30 degrees. The allowable unit-stress

being taken as 12,000 pounds per square inch,
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the same as be-

According to Table X, a 6 1/8 by
3 5/8-in. Z-bar weighing 28.0 pounds per linear
foot is required, thus showing a loss of 7
pounds, or an increase of 33 per cent in the cost
when compared with the 6i/^-in. 21-pound secfore, 10.5.

tion as required

when

it

was not

tnted.

Channels and I-beams should not be used on
it, since the tUting
the
of these shapes decreases
section modulus

roofs, if it is possible to avoid

very rapidly. If the I-beam and channel as designed were tilted 30 degrees, their strength
would be reduced as follows
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TABLE X
Section Moduli of Z-Bars for Various Slants of Roof

CO

SiZB

Kg

o

MS

W>-"

Is
6

x3Ji

6i',!x3/a

6>^x35i
6

z3H

6Ax3fs
6>^x3%
6

x3>^

6ftx3A
6>^x3?^

5

x3Ji

5Ax3A
5>^x3>^
5

x3^

5Ax3A
5

x3Ji

5Axm
5}'8X3?^

4

Pitch op Roof Truss, or Degree OP Slope of Roof

x3A

4,'sx3>^

4)^x3A

Maxi-

30
22

Deg.

27

DEG,

Deg.

34

Deg. 45 DEG,

15.6
18.3
21.0

7.8
8.7
9.9

7.5
9.0
10.5

6.3
7.7
8.9

5.1
6.3
7.1

3.3
4.0
4.6

9.2
10.7
12.2

22.7
25.4
28.0

10.5
11.6
12.5

10.7
11.9
12.8

9.0
10.0
11.0

7.5
8.4
9.3

4.7
5.5
6.2

12.5
14.0
15.3

29.3
31.9
34.6

12.7
13.9
14.7

13.5
14.2
13.7

11.1
12.2
13.4

9.3
10.2
11.5

6.2
7.0
7.9

15.4
16.6
17.0

11.6
13.9
16.4

4.1
5.0
5.8

5.4
6.4
7.4

5.1
6.2
7.5

4.1
5.1

6.0

2.7
3.3
3.8

5.9
7.2
8.4

17.9
20.2
22.6

6.0
6.7
7.0

7.8
8.7
9.4

7.6
8.6
9.3

6.2
7.3
8.0

4.0
4.6
5.2

8.7
9.6
10.6

23.7
26.0
28.3

7.1
7.3
8.5

9.6
10.3
11.3

9.5
10.3
11.3

8.1
8.7
9.7

5.2
5.8
6.5

10.8
11.5
12.5

8.2
10.3
12.4

2.1
2.6
3.0

2.5
3.2
3.7

3.1
3.8
4.4

S.6
4.5
5.5

2.1
2.7

3.3

8.8
4.7
5.6

4

x3,^

13.8
15.8
17.9

3.2
3.6
4.0

3.9
4.4
4.9

4.7
5.2
5.8

5.6
6.5
7.1

3.4
4.1
4.7

6.8
6.6
7.3

4

x3A

18.9
20.9
23.0

4.1
4.4
4.8

5.0
5.4
5.9

5.9
6.4
7.0

7.3
7.8
8.6

4.7
5.3
5.9

7.4
8.0
8.8

6.7
8.4

1.10
1.35

1.30
1.65

1.50
1.85

1.85
2.25

1.80
2.20

2.45
3.00

9.7
11.4

1.45
1.65

1.70
2.00

2.00
2.25

2.40
2.70

2.45
2.95

3.25
3.80

12.6
14.2

1.70
1.95

2.05
2.35

2.30
2.60

2.85
3.25

3.15
3.60

3.05
4.45

4i^x3«
4>ix3ft

3

x2H

3AX2M
3

2xH

3Ax2?i
3

x2}l

3Ax23i
*

The pitch

of a roof is the value obtained

by dividing the

rise of the

oeak by the span.

A-B, the girder not only carries the reactions
of beams 1, 2, 3, and 4, but also the reactions of
beams 11, 12, 13, and 14. These last-mentioned

!Eiin]i3:iT:5Jinr7fHf

Courtejy of Anie;

AEROTT BUILDING, PITTSBURG,
Dimensions. 72

ft.

by 82

Ksed, 3,000,000 lbs.

Plate 22

Steel Coxstructiox.

ft.;

PA..

:

..

.^e Co.

UNDER CONSTRUCTION.

18 stories and attic.

Weigbit of steel

JAMES

D.

PHELAN BUILDING, SAX FRANCISCO,
CONSTRUCTION.
Weight of

Plate 2"

steel used, 12,500,000 lbs.

— Steel Coxstbuctiox.

CAL.,

UNDER
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beams may or may not carry the same floor load
as the others; and they may or may not be of the
same span. Let the span be 16 feet, and the load

^a^ctl

S-OL

8'-C>'

J

/3^6'

N

N

^2/-0

26 -o'
Fig. 45.

Beam

Carrjring Concentrated Loads.

the same as before, 315 pounds per square foot
of floor surface. The total loads and reactions
are:
Beam

Total Load

Reactiok

27,720+2=13,860 lbs.
25,200+2=12,600

14

315x16x{(6+5)h-2}=27,720
315x16xj(5x5)h-3 [=25,200
315x1 6xi (5+8 H2 [=32,760

32,760+2=16,280

*'

11

315xl6x j ( 8+7 )-r2{ =37,800

37,800+2=18,900

"

12

13

'^

The beam A-B will then be as in Fig. 46, a simple beam with concentrated loads equal to the
sum of the reactions of the beams that meet at
the various points.
The design of beam
The reaction Ri is:

B-C

will

now be made.

Ri={ (23,625x44) + 20,475 x (4^+8) + 15,750 x (4J+8+5)
+17,325x(4i+8+5+5) }+26=39,527 pounds.
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The

right reaction R2

is

now

readily computed

The reader should do this work.
The moments under the several loads are
now computed as follows:

to be 37,648.

At Load

Moment in Pound-Inches

17,325

39,527x3^x12=

15,750

39,527x8^x12-17,325x5x12

20,475

39,527x13^x12- ( 17,325xl0xl2+15,750x

23,625

39,527x21^x12- ( 17,325xl8xl2+15,750x

1,660,134

=

2,992,254

5x12)=

3,379,374

13x1^+20,475x8x12)=

2,033,166

This shows that the greatest moment occurs under the load of 20,475 pounds.

5S

LAI*:

Si-o.

!5S

Sio-,

^!-0'

^•-<,'.

Ze-'O
Fig. 46.

Simple

Beam with

Concentrated Loads.

If the allowable unit-stress

is

16,000 pounds

per square inch, the section modulus

is:

S=3,379,374-rl6,000=211.21

By

consulting (C 98), column 11, it will be seen
that not even the largest I-beam is strong

enough.

If the loads on the floor were fixed, as
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heavy machinery, a unit-stress of
20,000 pounds per square inch would be allowin the case of
able.

The S required

will then be:

8=3,379,374^20,000=168.97,

and a 24-in. 80-pound I-beam may be used. This
has S=174.0, but it is the value which comes
nearest to the required 168.97.
In case the allow^able unit-stress were 16,000
pounds per square inch, as required above, two
I-beams riveted together would be used, or, better still, a built-up girder such as is discussed in
the next article.
In Fig. 46, where A-B is shown, the reaction
will be as shown, and the greatest moment
will occur under the 36,855-pound load; and it
will be 6,083,219, which, at 16,000 pounds per
square inch, requires a section modulus of 6,083,219-r-16,000
380.1; and here, as before, two
large I-beams or a built-up girder may be used.
The most difficult case has been discussed in

=

the foregoing presentation.

Usually, in pracfew such cases occur in building work. The
floor joists or beams are usually spaced equally,
tice,

and the columns are

also spaced so that the cross
or floor girders are of the same length through
the building (see Fig. 47). This simplifies matters considerably, since all the beams are alike
and the cross-girders are loaded s^Tnmetrically

both as to position and as to weight of loads. If
the floor load due to its own weight was 20
pounds per square foot, and that due to the load
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was

was 80 pounds per square foot,
then the cross-girders of Fig. 47 would be loaded
as shown in Fig. 48, each load being 18x4x100
=7,200 pounds. This, it will be noticed, is the
amount of load that comes on the shaded area,
it

to carry

Fig. 47.

It is twice the reactions of

Each reaction
is

one beam.

of the cross-girder (see page 163)

equal to 2x7,200=14,400 pounds.

Fig. 47.

Framing when Joist Spacing

is

Equal.

There should always be an uneven number
of spaces on the cross-girder, as in Fig. 48,
where there are five. If there were an even
number, one floor-beam would come in the cen-
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and this
would (as you will find by designing the beam)
require a larger eross-girder to carry the same
load than would be required if the number of
spaces were uneven. In cases where they are
spaced as in Fig. 48, the moment will be the same
ter of the cross-girder (see Fig. 49),

K
I...

i

TJ

Ul

"W

ZO
Fig. 48.

Floor-airder—Joist Spacing Equal.

under each of the beams equidistant from the
center of the cross-girder; and also it will be the
greatest imder the beams nearest the center of

Fig. 49.

Bad Method

In the case of Fig.

the cross-girder.
greatest

moment

of Joist Spacing on Floor-Girder.

48, the

is

M2=14,400x8xl2-7,200x4xl2=l,036,800 pound-inches.

The design

of the small

7,200 pounds can be

page 184). Here,
16,000 pounds,

if

beams which carry
the second method

made by

the allowable unit-stress

is
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C=7,200xl8=129,600

and in (C 100), 12th column, is found

151,700, the
This belongs to

nearest value that can be used.

an

8-in.

The

18-pound I-beam.
cross-girder will be designed

tion modulus.

The required S

by

its sec-

is

S=l,036,800-rl6,000=64.8

and from column 11 (C 98), a 15-in. 50-pound
I-beam is seen to be just too small. A 15-in.
55-pound I-beam will be used.
In all of the above cases the weights of the
beams have been neglected, since they are less
than one-tenth of the load they carry.
In practice, where a lot of joists are equally
spaced along one cross-girder, it is, by some poor
designers, considered that the action of the load
is

the same as

if it

entire cross-girder.
will

now be

were a uniform load over the

The

so designed

cross-girder in question

by

this

method.

C=20x4x7,200=576,000

This would call for only a 15-in. 42-pound
I-beam, whereas the correct design requires a
15-in. 55-pound beam
a beam 13 pounds
heavier. This shows that this practice is incorrect, and should not be followed.
On pages (C 91-94) is much valuable information regarding the tables of beams and their
loads. When two or more letters are written
together, it means that they are multiplied together. For example PI means that P is multi-

—
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by 1. If one set of letters or figures appear
with a line between, it means that the top one is

plied

divided by the bottom one; as Pl/AE means
P is multiplied by 1, and the result is
divided by
multiplied by E. In case a small

that

A

up near the top of the letter, as V
or P, it means that the number is multiplied by
itself that number of times.
That is, P==lxl,
and P=lxlXl. The understanding of the forefigure is seen

going notation is essential to the person who
would use (C 91-94).
In order not to have the plastering crack in
buildings on account of the bending of the beam,
the load must not exceed a certain amount, even
if it can carry more. In (C 67-69) is given much
information regarding the limits of span length
and loading. In tables (C 70-74) are horizontal
black lines in the colimms. This signifies that
only beams above that line can be used if plastering is on their under surface. For example,
on page 70, looking in the 15-in. 80-pound I-beam
column, you will see that this beam can be used
for spans from 12 to 24 feet, if plastering is used;
and if it is not used, these may be used up to 36
feet, the loads they carry in each case varying
with the span.
39.
Shears and Moments in Girders. These
are computed in exactly the same

manner

as for

Unless the load is a uniform one, designing of girders by taking their entire section
directly from the Carnegie Handbook is rather
limited.
The determination of the sizes must
beams.
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made by design, but in case a ''GodHandbook" is available, girders of almost

usually be
frey's

any

and for any purpose can be taken
directly from the tables given therein.
This
handbook is invaluable to the advanced worker,
and is of great advantage to the beginner.
size

GIRDERS

A

Description
and Classification.
be designated as a girder or a
plate-girder, and each of these classes are again
divided into simple and box girders. These and
all girders may be divided into deck and through
girders.
girder is a beam which consists of
a channel, or an I-beam, or any other single
rolled shape.
plate-girder is a beam which consists of a
plate called a web plate, with a combination of
angles, or one or more plates and angles, riveted
on the outer edges. These are called the flanges.
The angles are called the flange angles, and the
plates are called flange-plates or cover-plates.
In case the web is deep, angles are riveted vertically on its sides at intervals along its length.
These are called stiffener angles. Fig. 50 gives
sections of plate-girders; and Fig. 51 gives a
side view of a plate-girder with cover-plates.
These cover-plates are not always the same
length, for reasons that will be explained later.
At the ends of one of the plate-girders, are small
plates which are placed between the girder and
40.

girder

may

A

A
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whatever

it

rests

upon.

These
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are

called

masonry plates or wall-plates.
When two girders or plate-girders are placed
close together and riveted up, they form a box
girder. Fig. 52 gives sections of box girders,
and (C 152 156, 161, and 162) are tables giving

—

in

.M-

Fig. 50.

1

^r^^

AJ

Sections of Plate-Girders.

carrying capacity of box girders when
loaded uniformly. Box girders are much used
in building work to carry walls and elsewhere
where uniform loads come upon them; but they
are seldom used for concentrated loads, on account of the fact that beams cannot be connected
to their webs, as the riveters cannot get tools
the

inside to rivet

up the

connections, and,

if

the

beams rest on top of them, one side is liable to
bend more than the other, and the stress will be
far greater than that for which they were designed.

Design of Girders. Since box girders
should be used for uniform loads only, and since
the unit-stress (C 152-162) of 15,000 pounds
per square inch is good practice, no other
41.

202
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method except that

of the

handbook

will

be

given here.

Suppose that the distance center to center of
columns was 20 feet, and that the girder was to
carry an 18-inch brick wall 30 feet high. In (C
58) it is found that such a wall weighs 168
pounds for each square foot of wall surface.
Coy^er ^^crfipA

irm

-n—1
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as close as

we can

get.

This
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beam

will

be

used.

For a good example in design, see (C 151).
An inspection of the box plate-girders shows
that they are all too heavy for the load and span
as given above.
Cov^r P/aife
Cover flaie

«^^.

^

Ajus ^if-t/er

Fig. 52.

Types of Box Girders.

For example, suppose that the wall to be carwas 381,620 pounds, and
that the span was 35 feet. The load is 381,620-^
ried in a certain case

2,000=190.81 tons. On the right-hand side of
(C 162), across from the span of 35 feet, is found
188.10 tons in the first column.
The girder
weighs 6.43 tons, so that the net carrying capacity is 188.10—6.43=181.67 tons. In the third
column it is seen that if the flange plates are increased in thickness l/16th inch, the girder will
carry 10.45 tons more, thus making a net capacity"^ of
181.67+10.45=192.12, which, being
slightly greater than the required capacity of
190.81,

shows the section

section will

now be

is all right.

The girder
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web

by ^ in.
by 3| in. by ^ in.;
2 cover-plates 30 in. by | in.

2

plates 42 in.

4 angles 5

in.

The increasing

of the cover-plates l/16th inch,
noted in the extreme right-hand column,
increases the weight of the girder 0.22 ton. This
is too small to be considered, and should be used
only in computing the weight of the girder to
also, as

see

how much

it

The design

would

cost.

of plate-girders for unit allow-

other than

pounds per
square inch, and for either uniform or concentrated loads, is done by use of the maximum
moment which the loads produce.
Thicknesses of flange angles greater than
able

stresses

15,000

13/16 inch should be avoided, since it will be
necessary to bore the holes instead of punching
them, and this increases the cost.
Angles should have the large leg turned out
if they are unequal-legged, the small leg being
riveted to the web plate.
Web plates should never be thinner than
inch, since they would not be stiff enough if
they were.
The design of plate-girders may be made by
the help of Tables XI and XII.

%

Rules
Having the moment due to the loads given,
(1)
assume a given angle; divide it by the height less the
value X, column 4, if a cover-plate is not to be used and
then divide the result by the allowable unit-stress. The
;
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result will be a,

column

be picked out of column

and the required angles can

Table XI.

Compute the thickness

(2)
this

3,

1,

205

of the

web

plate;

comes out thinner than f inch, use f inch.
Compute the weight of the girder as
(3)

and

now

if

de-

signed.

Compute the bending moment due

(4)

to its

own

weight.

Add

(5)

due

to that

the bending

to the loads,

moment due to its own weight
and repeat operation (1). The

result will be the section of the girder.

desired to have a cover-plate on the
girder, assume the sized angle as before, and,
using y and b in place of x and a, proceed as
If

it is

above.

Cover-plates less than 7/16 inch run the entire length of the girder. If the total thickness
inch, it should be
of a cover-plate runs up to
inch thick, and
composed of two plates, one
inch or less. If the cover-plate
the other
runs up to 1^4 inches, there should be three

%
%

%

%

inch thick. In all cases
the thinnest plate should be on the outside of the
girder. If there are more cover-plates than one,
the length may be detennined from Table XTT.
cover-plates, each

Rules
Compute the area of the cover-plates from the
(1)
top to the under side of the one whose length is desired.
This is readily done by multiplying the value in column
8 of Table

XI by

the

number

of sixteenths the plate

is

thick.
(2)

Divide the area of the cover-plate so computed
b, column 6, Table XI, if there be one f-

by the value

206
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TABLE XI
Coefficients for Plate-Girder Flanges

1
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TABLE XI— (Concluded)
Coefficients for Plate-Girder Flanges

I
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TABLE

Zn

Coefficients for Cover-Platea

Ratio of Cover-Plate Area to Total Area

SHOWING USE OF GALLOWS FRAME AM) DERRICK CAE
IN PLACING A PLATE-GIRDER.

w M
w
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irregularities occur in the rolling, they will

not stick out above the backs of the angle. This
is usually made
inch in practice, and

%

distance

Bivets Out with Single Gauge Line.

Tig. 53.

Table XI is figured on that basis. From Pig.
53 it is seen that the rivets in the cover-plates
must not come opposite those in the leg of the
angle which lies against the web, while in the
angle of Fig. 54 this may be done.
In Table XI the value a is the area of the
two angles after the two rivet-holes have been

C'C
Fig. 54.

Eivets Out with Double Gauge Line.

subtracted; and b is the area of the cover-plate
and angles after rivet-holes have been taken out

and 54.
The values x and y are the distances from
the edge of the web plate to the center of gravity
as per Figs. 53
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axis of the angle or angles

and

plates.

These

values vary slightly with the thickness of the
angles, and also with the thickness of the coverplate; but for practical purposes are constant

The center of gravity of a pair of
angles, or of two angles and a cover-plate, is that
point at which, if they were supported, they
would just balance (see Fig. 55). And the cenas shown.

a line passing through this
point and parallel to the other leg of the angles,
as shown in Fig. 55.
ter of gravity axis

is

Kl
ltd

3
Fig. 55.

Illustrating Location of Center of Gravity Axis.

As an example of the use of the tables, let it
be required to design the section of a plategirder which has previously been computed to
have a bending moment of 5,330,574 poundinches, the span being 40 feet, and the unit allowable stress being taken as 15,000 pounds per
square inch. If the girder is for railroad or
highway use, the depth will usually be stated in
the specifications as 1/9 or 1/10 the span or
some other ratio. In building operations the
depth is usually limited by the head-room required in the floor below, or by some other condition of construction.
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Suppose this was a building girder, and tlie
depth was limited to 40 inches. Assume a 5 by
314-in. angle to be used. The assuming of this
angle is a matter of experience. A good guide,
however, is to divide the bending moment as
given by the allowable unit-stress, and then
divide this by the depth chosen, less two inches.
The result will then be somewhere near the required area a or b of Table XI. In this case,
(5,330,574^15,000)-r(40-2)=9.35.

From

XI

seen that perhaps either
a pair of 5 by
by %-in. angles or two 5 by
Sy^ by 7/16-in. angles, with a 12 by %-in. coverplate, may be used. Two 5 by 3i^ by 11/16-in.

Table

it is

3I/2

angles give an area very close, but the weight of
the girder will increase the above moment, and
hence the value a or b. This computation shows
that the value can fall in the 5 by 3%-in. angles.
design will first be made without a cover-

A

plate.

Then,

a=(5,330,574-^15,000)^(40-1.83)=9.31 square inches.

When the

weight of the girder is considered, the
required area will be greater than this. For the
purpose of making an estimate of weight, the
angles which give areas next greater than this
value are to be used. They are 5 by 3% by
34-in., and weigh, (C 111), column 4, 19.8 pounds
per linear foot for each angle, or 2x19.8=39.6
pounds per linear foot for each flange. Since
there are two flanges, these weigh 2x39.6=79.2
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pounds per linear foot of girder. The girder is
40 feet long; and therefore the weight due to the
To this
flanges is 79.2x40=3,168.0 pounds.
must be added the weight of the web plate. The

web

plate is designed in a

manner

similar to that

supposed that the
greatest reaction is 22,210 pounds, which would
be the case if one load of 44,420 pounds was at

given on page 188.

It will be

the center of the span, causing the moment of
The area required in
5,330,574 pound-inches.

the

web

is

then:
Area=

22,210
„
„^^ =2.22 square inches,

the allowable unit-stress being taken as 10,000
pounds per square inch. The required thickness
is:

2 22

t=—77r-=0.055
40

inch.

%

The web will be made
inch thick, as explained
on page 204. The web is now a plate 40 inches
wide and
inch thick. From (C 259) the
weight given in the 40-inch column and on the
%-inch line is 51.00 pounds per linear foot. The
total weight of the web is then 51.0X40=2,040
pounds. The weight of the flanges and the web

%

is:

Flanges, 3,168 pounds;

Web

2,040

Total

5,108 pounds.

The weight

of the rivet-heads

and the

stiffener
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angles amounts to about 1/10 of this, or 5,108-^
10=511 pounds. The total weight of the girder
is

now found to be 5,108+511=5,619 pounds; and
maximum moment due to this weight (see

the

page 175)

is:

5,619x40x12
]VI;=

Q
o

=337,140 pound-inches.
.

This must now be added to the amount caused
by the loads, thus giving a total of 5,330,574+
337,140=5,667,714.
The area a is now computed as follows
a=(5,667,714^15,000)^(40-1.83)=9.899 square inches,

which shows, from Table XI, that two 5 by 3%
angles, giving an area of 10.12 inches

by %-inch

The section
show^n in Fig. 56.
From an inspection of column 6 of Table
XI, it appears as if two 5 by 31^ by 7/16-inch
inch, may be
angles, with a cover-plate 12 by
better; or perhaps two 5 by 31^ by %-inch
inch,
angles, with a cover-plate thicker than
for

a,

are the ones for the flange.

of the girder

is

%

%

may

This will now be investigated.
The weight of the girder with a cover-plate
The small difference
will be taken the same.
will not affect the stresses enough to make any
difference in the design. The required area is:
do.

a=(5,667,714-^15,000)-r(40-1.83)=9.899 square inches,

This shows that two 5 by 3^^ by 7/16-inch angles
and one cover-plate 12 by %-inch can be used,
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the total net area being 9.93 square inches.

web

same

The

This gives a lighter
flange area than that designed without a coverwill be the

size.

plate.

As

a general thing

^

it is

better practice to
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:

2 Cover-Plates (C 256), 15.30x2= 30.60
4 Angles 5 by 3^ by 7/16 in. (C
48.00
111), 12.00x4=

Web:
1 Plate

51.00

40x1=

"Weight of girder per linear foot,

129.60 pounds

The design, without cover-plate, weighed 130.2
pounds per linear foot, thus showing a small
saving in weight. The extra work necessary to
rivet on the cover-plate makes cover-plate sections more costly; but the design is better on
account of the better riveting together of the

outstanding legs of the angles.
The thickness of the end stiffeners of a plategirder should be
For
For
For
For
For
For

up to
reactions from
reactions from
reactions from
reactions from

reactions

225,000

to"

250,000 pounds

^

250,000 to 275,000 pounds

^

275,000 to 300,000 pounds

j%

300,000 to 400,000 pounds

reactions over 400,000 pounds

The intermediate

%

f Inch

225,000 pounds

stiifeners should

f

f

Inch
Inch
Inch
Inch
Inch

always be at

inch in thickness. The size of stiffeners
should be such that they will extend out as far
as possible, and thus support the horizontal leg
of the flange angles; and the leg on the web
should be such as to get one row of rivets in it.
This leg last-mentioned should be from 3 inches
to 4 inches. By consulting (C 13-14), it will be
noticed that the angles are curved o:ff at the
ends, and that this curvature is never greater

least
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Prom inspection of
seen that the outstanding leg of a
stiff ener cannot be more than:
than %. inch in any case.

Fig. 58,

it is

f=l-(t+f inch),

in which

the outstanding leg of the flange
angle t is the thickness of the flange angle and
inch is the curvature as above explained.
1 is

;

;

%

f\| orie»A

Fig. 58.

Showing Length of Outstanding Leg of

Filler.

For example, suppose that the flange angles
in. by 4 in. by
in., the 6-inch leg being
horizontal. Here 1=6, and t=%; then the
were 6

stiff ener

%

leg cannot be greater than:
f=6-(^+f)=5^ inches.

Therefore we can make it 5 inches, and the
stiffener angle will be 5 by 3 inches or 5 by 4
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inches in size, the thickness depending upon
it is an end or an intermediate stiffener.

whether

A

girder requiring several cover-plates will
the coverplates vary. Let the span be 30 feet, the depth
of the web-plate 50 inches, and the loads so

now be designed in order to show how

fixed that the maximum moment is 10,245,900
pound-inches. The allowable unit-stress will be
taken as 10,000 pounds per square inch. In
order to determine what sized angles will be
used, an approximate b will be computed as is

done on page 211.

It is:
10,245,900

Approximate b=

io,000^(50-2)
10,245,900

^10,000x48
=21.3 square inches.

By

looking at the 5 by 3%-inch angles and
it will be seen that if
three %-inch cover-plates are used, and two
5 by 3% by %-inch angles, the area will be
13.87-f2x 3.75=21.37 square inches. The 5 by
31/^-inch angles will be tried.

cover-plates of Table XI,

b=(10,245,900^10,000)-(50-1.21)
=21.00 square inches required.

If 5

by

3%

cover-plate,
inches.

quired.

by 4-inch angles are used with one
the area would be 13.87 square

Therefore thicker cover-plates are reThe amount to be made up by the

greater thickness of the cover-plates

13.87=7.13 square inches.

As Vie

is

21.00

inch gives
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an increase of 0.625 square inch, there will be
required 7.13-r-0.625=11.4 sixteenths or ^Vie,
as a fraction of a sixteenth cannot be used.
This will make ^^/le inch, or
inch, to be added
to the thickness of the cover-plates.
It will be assumed that the weight of the
girder is less than Vio of the load it carries, and
that the specifications will in this case allow the
weight to be neglected; otherwise the weight

—

%

./2'i fla/<f»

T
Tig. 59.

Showing Location of Cover-Plates.

must be computed in the same manner as is
done on page 211, and the section re-designed.
This would only increase the thickness of the
cover-plates.

The

section is as

shown

in Fig. 59, the

web

%

inch thick. It may be said that unless
being
the depth of the girder is less than V12 of the
span, a %-inch web will be sufficient. The total
net area of the flange is
3 Cover-plates, 12 by f
2 Angles 5 by 3| by f

in.,

at 3.75 each=11.25 sq. in.

in.,

at 5.06 each=10.12 sq. in.

Total 21.37 sq.

in.
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first
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cover-plate

is

3.75

square inches, and the coefficient is 3.75-f21.37=0.175, say 0.18. This lies about half-way
between the ratio values in columns 2 and 3.
Therefore the coefficient value will lie between
the coefficient values in columns 2 and 3. The
difference between the ratios is 0.20-0.15=0.05,
and the difference between the coefficient is 0.45
-0.39=0.06.
Now, the difference between the
ratio 0.15 and the required ratio is 0.18-0.15=:
0.03.
Therefore the required coefficient is:
0.03

Q=0.39+0.06x—
O.Oo

=0.39+0.036 (say 0.39+0.04)
=0.43

and the length of the cover-plate
times the length of the span; or:
Length of

first f-in.

is this

value,

eover-plate=0.43x30=12.90 feet.

The second cover-plate (see Fig. 59) has the
same area as the first one. The total area from
the bottom of plate 2 to the top of plate 1 is
3.75-f3.75=7.50 (see p. 205 for rule) and the
;

ratio for this plate length is:

7.50-f-21.37=0.35.

This requires, 6th column, a coefficient of 0.59;
and the length of the second cover-plate is
Length=0.59x30=17.70

feet.

In a similar manner, the area of the coverplates above the bottom of the third cover-plate

computed to be 10.25 sq. in. the ratio is computed to be 0.48; the coefficient is computed to
be 0.69; and the length of the cover-plate is 20.7

is

feet.

;

230
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In case the moment was caused by a uniform
load, or by a load at the middle, the cover-plates
are arranged as shown in Fig. 60.
In case the moment is caused by concentrated loads placed certain distances each side
of the center, the cover-plates must be placed
as in Fig. 61, in order that the girder may be

The computing of the actual theoretical
lengths for such cases is not within the scope of
this work; but the method as shown will not be
safe.
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an amount equal to half the length as computed;
and they also extend between the loads (see b,
Fig. 61).
42.
Rivets in Girders. The girder may be
joined to a column at the end, in which case a

Fig. 61.

Unsymmetrical Cover-Plates.

certain number of rivets
number depends upon the

are required.
unit-stress used,

This

and
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upon the thickness of the material to which the
column is connected.
In (C 195) are given the bearing values of
wide range of allowable stresses.
These values are for plates of different thick-

rivets for a

nesses,

and the thicknesses are given in fractions

of an inch.

It is often desirable, as

when a girder

joined to a channel or an I-beam, that the bearing value of a rivet in the web of such a shape be
known. Table XIII gives data from which this
value may be computed for %-inch and y^-meh
is

rivets.

TABLE xni
Bearing Values of Rivets
Allowable
Stresses
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v=2,105+19xl05=4,100 pounds.

Again, with same data as above, except that
the channel is an 8-inch 13.75-pound, the thick-

web is 0.307 inch, and the
between this and the 0.20-inch plate
ness of the

0.20=0.107 inch.

difference
is

0.307

Therefore the value of the

rivet is:
v=2,105+10.7xl05=3,229 pounds.

As explained on page
by

may

131, the rivet

fail

shear.

—^When

the ends of a girder or beam
are riveted to a plate or column of some form,
(1) determine the bearing value of the rivet in
the plate or web of column, and (2) compare it
with the shearing value of a rivet (C 195).

Rule

Divide the reaction at that end by the smallest
of these values, and the result will be the number of rivets required if the riveting is done in
the shop. If it is done in the field, add one-third
more, and the result will be the required

number.

—

Example Reaction of girder is 87,500
i^ch in diameter.
pounds. The rivets are
The allowable unit-stresses are: Bearing
20,000; shear 10,000. The column is composed
of

%

two 10-inch 15-pound channels.

these channels

Xm,

is

0.24 inch thick.

The web of

From Table

the bearing value of a %-inch rivet

is

Vb=3,504+175(24-20)=4,204 pounds.

The shearing value

(see

column

4,

table

3,

C

195)
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is

Since tlie former is the smallest
number of shop rivets required

6,010 pounds.

the

value,

would be
n^=(87,500)^,204=21;

and the number of field rivets required would be
n=21xli=28.
If, instead of the girder being connected to
the column webs, it were connected to a plate
inch thick, the rivets would be computed as

%

follows
Vjj

V

3d table)=6,570
3d table) =6,010

in a f-inch plate (C 195,

in shear (C 195,

Since the shear is the smallest, the rivets will
tend to be cut off instead of tearing out of the

^
.\

/* ^t'fiic/ ^fr^ii

Fig. 62.

and the number required is
shop; or 15x11/3=20 field.

plate,

=15

Methods of Connecting to Columns.

More

field

87,500-^-6,010

than shop rivets are required to

^

O

O

5

I ^
-

Q

«
M
«

2

o

s

g
O

i

S
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hold the same force, since it is supposed that a
rivet driven by pneumatic or hand tools is not so
strong as one diiven by the large power riveters
in the shops. Fig. 62 shows the connection and
where the rivets should go. Field rivets are
shown, as such connections are usually field connections.

The

rivets as

above computed are those which

go through the colimin and the connection angles of the girder. The number of rivets which
go through the girder itself and the connection
angles must also be determined. Since all webs
are
inch thick, except in rare cases, this will
be the only case treated.
The number of shop rivets is equal to the
shear at that end (that is, the end reaction) divided by the value of a rivet in single shear.
This riveting is seldom made other than in the
shop; but, in case it is done in the field, the field
rivets are determined as before.
In the case

%

,

just

treated,

the

required

number

is

87,500-f-6,010=15 (shop) 15x11/3=20 field.
Fig. 62 shows the location, number, and
character of these rivets.
;

In case

all

the rivets cannot be placed in one

row without crowding the spacing too much,
the angle should have a leg wide enough to let
them be staggered in two rows. The flanges
must be riveted to the web.
Rivet-Spacing in Girder Flanges. The rivetspacing depends upon the shear, upon the thickness of the web, upon the value of a rivet, and
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upon the distance between the rivet-lines of the
two flanges.
The last condition depends upon the distance
of the rivets from the back of the angles. All
rivets are spaced at a certain distance from the
back of the angles, and this distance is standard
for a given size of angle. The distance is called
the gauge of the angle. When an angle can have
two lines of rivets in it, that angle is said to
have a double gauge. The line on which they
are placed is called the gauge-line. In double
gauges, the second gauge-line is measured from
the first one, instead of from the back of the
angle.

Table

XIV gives the standard gauges for

any sized angle

leg.

TABLE XIV
Gauges of Angles

/^.^^

Size
OP Leg
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form load distributed over them (for example,
a girder which has a railroad track running over
the top), the rivet-spacing at any point is:
vh

This means that the spacing is equal to the value
of a rivet multiplied by the distance between
gauge-lines, and the result is then divided by
the shear at that point. All dimensions are in
inches.

In cases where beams rest upon the top of a
girder, stiffeners should be placed at that point.
In case of railroad girders, as described
above, compute the spacing by the given formula,

and reduce

nically exact
side,

it i/^

This

inch.

method; but since

is
it

not the techis on the safe

and the exact method of calculation

will

complicated computations in higher
mathematics, the use of this formula will be

involve

found perfectly practicable.
In the above formula, v
rivet in bearing in the web
thicknesses of web up to

webs thicker than

%

the value of a
of the girder for all
inch inclusive; in
is

%

inch,

it

is

the double

shearing value of the rivet.
In Fig. 63 is shown a girder with reactions of
beams at four places along its length. If the
third table (C 195) is used, what will be the
rivet-spacing? The shears are computed, and
are:
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From
From
From

(0) to

(1)=20,000 pounds

(1) to

(2)=20,000-10,000=10,000 pounds
(3 )=20,000-( 10,000+10,000 )=0 pounds

(2) to

=^

'J

©

®
a

20.000

Za&oa t^^

^&s,.

2S'
Fig. 63.

Beam

Illustrating Bivet-Spacing in a Girder with
Beactions.

web being %-ineh, is 6,570
poiinds. We compute h (see Table XIV) as follows: h=16i/4—2X2=12% inches. Therefore,
The value

of v, the

6,570x12^

From

(0)

From

(1) to

(2),

From

(2) to

(3), s=^

to

(1),

:3,9,

say 3| inches.

s=-^^^^^— =7.8,

say 7f mehes.

s=

''
''

20,000

6,570xl2i

6,570x12^
-^

.

,

=as large as imaginable.

3%

inches would be used; but
that of 7% inches would probably be cut down
to 6 inches, since most specifications require
this, because it is believed that if the rivet-spacing is larger than 6 inches, it will not hold the

The spacing of

angles close to the web and take the kinks out
of the metal. Between (2) and (3), the spacing
will be 6 inches for the same reason. Of course

STEEL CONSTRUCTION
the spacing between (3) and (4)

is

229

the same as

between (1) and (2). Likewise that from (4)
end is the same as from (2) to the end.
Here the shear between the various loads is
constant. In a imiformly loaded beam, this is

to the

not

so,

the shear being different at every point

from the end

where it is zero. In
usually computed at cer-

to the center,

such cases, the shear

is

tain points (called tenth-points), at distances

apart equal to one-tenth the span; and in between any two of these points, the spacing is
made the same as at the tenth-point to the left.
As an example, let it be required to determine
the rivet-spacing at the end and at points separated a distance equal to one-tenth the deck
plate-girder span of Fig. 64. This would require
the spacing to be found at the end, and at 3, 6, 9,
12, and 15 feet from the end. Of course the rivet-

^HII^IIiy^HII^II^I^
^.^"'S'^.^'^i

fWei>J
^o'

tt"-*

Fig. 64.

0?

Illustrating Eivet-Spacing at Tenth-Points.

spacing on the right side of the middle of the
girder is the same as that as computed for the
left side.

The reaction

is

Ri=( 6,000x30 )-r2=90,000 pounds.
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The shears

(see

pagp 172 for method of com-

putation) are:
= 90,000
= 90,000-0
= 90,000- 3x6,000 = 72,000
= 90,000- 6x6,000 = 54,000
= 90,000- 9x6,000 = 36,000
Vi2= 90,000-12x6,000 = 18,000
Vi5= 90,000-15x6,000 =

Vo
Vg
Ve
V^

pounds.
pounds.

pounds.
pounds.
pounds.

pounds.

If the allowable unit-stress in bearing is

taken as 12,000 pounds per square inch, the value
of a %-inch rivet in a %-inch web is (C 195)
3,940 pounds. The rivet-spacings computed by

vh

means

of the formula

&=y

'

^^^

*

So

=(3,940x43.25)^90,000 = 1.89

in.,

S3

=(3,940x43.25)^72,000 = 2.37

in.,

Se

=(3,940x43.25)^54,000 = 3.16

in.,

S9=(3,940x43.25)-f36,000 = 4.73

in.,

say If
say 2|
say 3
say 4f
say 9|*

Sia=(3,940x43.25)^18,000 = 9.47 in.,
= infinitely great.
SiB=( 3,940x43.25 )-rO

in.
in.
in.

in.

in.

%

inch, since
This spacing should be decreased
the load rests directly upon the flanges (see page

227).

The spacing used would be:

From end
From
3
From
6
PYom
9
From 12
43.

to

3-foot section, use l|-ineh spacing

to

6-foot section, use If-inck spacing

to

9-foot section, use 2^-inch spacing

to 12-foot section, use 4J-incli spacing
to 15-foot section, use 6 -inch spacing

Engine and Equivalent Loads. For any

particular plate-girder span, the

and maximum moments due

to

maximum shear

any of the stand-
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ard locomotives may be obtained from tables
giyen in the specifications for railroad bridges.
In order to determine the stresses in bridges
under locomotive (wheel) loads, the actual computations must be performed for each particular
bridge; and different computations are required
for the several members of any given bridge,
since the locomotive must be in different positions to give the greatest stresses in different

members.
It is much easier to work out the stresses in
a bridge under uniform load than under locomotive loads, and so most specifications give
what are known as equivalent uniform loads.
These are the uniform loads which will give the
same shear and same moment (as far as practical use is concerned) as the locomotive for
which they are given. These equivalent loads
are then put over the bridge, and the stresses
readily determined. This matter will be more
fully explained in our treatment of Stresses in
Bridge Trusses.

CLASSES OF COMPRESSION MEMBERS
44.
Compression members are those which
are stressed by loads or forces at their ends,
and these forces act towards each other. If a

man

pushes on his cane, which has the other
end resting upon something, the cane is said to
be in compression, and it is a compression member.
This is the direct opposite of the tension

232

STEEL CONSTRUCTION

JL

Ay
Fig. 65.

Sections of Compression Members.

member, which

is illustrated by a string which
has a pull exerted at each end.
Compression members may be made of different shapes or combinations of shapes. They
may consist of single shapes such as a single
angle, I-beam, channel, Z-bar, etc., or of two or
more angles, two or more Z-bars, or two channels or two I-beams, each combination with or
without a plate connecting them. In case plates
are not used, the shapes are connected with tieplates, or with lacing bars and tie-plates. Fig.
65 shows some of the different classes of com-

pression members.
45.
Tie-Plates and Lacing Bars.

The

size
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not determined by design, but rather

by common

practice.

The

size of the tie-plates,

often called batten plates, is usually limited by
the specification, but it is good practice never to

have the distance x (Fig- 65, e) less than w when
the plates are at the end of the member. When
there is no lacing in use, the shapes being held
together by plates as in Fig. 65, f, the distance
X may be one-half of w. With the better class
of designers,

make x
The

it is

(Fig. 65, e)

now becoming customary

to

1% times w.

which have been
depend upon the angles
they make with the axis of the member, and
upon their length. Table XV gives the sizes
sizes of lacing bars

proved to be

efficient,

of such lacing bars

TABLE XV
Size of Lacing Bars

STEEL CONSTRUCTION

234

Some

widths to be
In case they do not, the above mav be

used.

specifications give

the

taken.

COLUMNS
46.

Strength of Columns.

a column depends not only on

The strength of
length and on

its

the area of its cross-section, but also on the
shape and position of the material in the column.
The writer took a sheet of the paper on which
this book is printed, and, holding it out straight,
pressed down with it upon a scale. The scale
registered y^ pound when the paper crumpled.
Another sheet was taken, and rolled into a tube

VTZzzzzzzzzn
/
/

4
159

300 Z&x

^zizzhzzzzd

2SS;^4AO

Fig. 66.

/<^^.

Showing Distribution of Areas in Compression Members.

% inch in diameter.

The

scale registered 26^2

pounds before the paper crumpled. Again, suppose that a column 12 feet long, consisting of a
solid bar 4 by 4 inches=16 square inches in area,
were used.
The strength would be 159,360
pounds if designed according to the formula
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17,100—57 1/r given in (C 141). Now, if the same
amount of material were put into a column with
cross-section

16^ by 16%

and the
the column would hold
inches,

sides

were 14 ^^^^ thick,
253,440 pounds, an increase in strength of 94,080
pounds, or nearly two-thirds of the original load.
From this it will be seen that the farther away
from the center of the column the material is located, the stronger is the column. Fig. 66 shows
the two sections.

Radius of Gyration. In picking out a column, it is important, for any given shape, to

know how the
from

its

lies in regard to the distance
This is given for different
indicated by the radius of gyra-

area

center.

shapes, and

is

tion.

r=i.74

T*7.07

r* 0.58

Fig. 68.

Fig. 67.

niustrating Eadii of Gyration.

column be sjrmmetAny departure from this makes

It is important that the
rical in section.
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the column weaker in one direction than the
other. If a board 6 inches wide and 2 inches
thick has a load put upon it, it will break on

—that

by bending about an
broad side.
If the
radius of gyration were computed for the
axis a-a (Fig. 67) it would be found equal to 1.74.
If it were computed for the axis b-b, it would
be found equal to 0.58. This shows that the material is placed farther from the axis a-a than
from the axis b-b. It also shows that the section
is many times stronger about the axis a-a than
about the other; and if it were supported on the
sides so that it could not bend except about the
the broad side
axis

parallel

to

is,

the

S^>a.ce

n

Fig. 69.

io k/ifA.s,fef/7e/

^

Radius of Gyration in Column with Knee-Brace.

axis a-a, the column would hold a load several
times what it would if it were left free to bend
about the axis b-b.
For the reason that they are unsymmetrical.
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single shapes such as channels, I-beams, etc.,

make very

inefficient

columns, as they are

much

weaker in one direction than in the other. Take
an 18-inch 55-pound I-beam, for example. In
(C 97-98), columns 9 and 10, are found the radii
of gyration r and r' given as 7.07 and 1.15.
This
shows (Fig. 68) that the I-beam is much stronger
about the axis a-a than about the axis b-b. Also,
a comparison of I-beams of any given depth will
show that the lighter I-beams are the most economical, since they have a greater radius of
gyration than the heavier ones, thus showing
that more strength per pound of metal is obtained from the lighter than from the heavier.
For example, the 15-inch 42-pound I-beam
gives r=5.95, or 5.95-f-42=0.142 for each pound;
while the 15-inch 100-pound gives r=5.53, or
5.53-^-100=0.055 for each pound, showing that
the lighter beam is about 0.142-^0.055=2%
times more economical.
An investigation of columns 9 and 10 (C 101102) will show that the single channels are even
more uneconomical than single I-beams. Columns like Fig. 65, j, are open to the same objection as single shapes. If, however, a column
has a brace or some other member exerting a
force against one side of it, and the smallest
radius of gjTation r' is sufficient for the vertical
load, then column sections of single shapes are of
use, since a larger radius of gyration r will be
required to make the columns safe against the
action of the thrust. The case of the column of
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a mill building where a knee-brace is used, is an
example of this kind of loading (see Fig. 69).
For columns carrying only vertical loads,

some

shown

sort of section as is

in Fig. 65 (b

In case lacing bars or tie-plates
are used, they are not assumed to take any of the
load which comes upon the column. They are
merely to hold the two sides of the column together, so that they wdll act as one shape. In
cases where channels or I-beams are used with
to

i)

is

used.

lacing bars or tie-plates, the radius of gyration
r for the two shapes is the same as for one; but

the radius of gyration about the axis b-b is different from r', and it varies according to the
distance apart the shapes are spread.
may be equal to r^.^
In order that the Ib-b
and therefore have the column equally strong in
^

both directions, the I-beams or channels must be
spaced as given in coliunn 14 of (C 98, 100, and
102).

J>r /?.-»7

Say

/Si'

^J^ksts^
l'a-a »'7.B6

a
/^*3**2S
Zo'-3o*I»

Fig. 70.

Spaxjing for Equal Radii of Gyration.

column of two
20-inch 80-pound I-beams, and another of two
15-inch 33-poimd channels (Fig. 70) The radius

To

illustrate the above, take a

.
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the same as for the one
shape, and is found to be 7.86 for the I-beams, in
column 9 (C 97) and 5.62 for the channels, in
column 9 (C 101). In column 14 of their respecof gyration about a-a

is

;

and 9.50
inches are found. These are the distances which
make rb.b=7.86 for the I-beam and 5.62 for the
channel. If these distances were lessened, the T^^^
would be less than the values given; if the distances were made greater, the ib-i, would be
greater in each case. The r^-a will remain the
In
same, no matter what the distance D is.
the
distance
order to have an economical column,
D must never be less than that given in the Carnegie Handbook.
For any distance apart of the shapes, or for
tive tables, the distance

15.47 inches

sections such as Fig. 65 (d to j), the radius of
gyi'ation for any axis may be determined by the

following method:
To the moment
(a)

of iaertia of each shape for an

axis parallel to the axis to

which

it is

desired to find the

radius of gyration, add the value obtained by twice multiplying the area of that shape by the distance between
the two axes mentioned above.
(b)

Divide the result by the total area of the sec-

(c)

In the second column of (C 281-282) find the
is nearest to the result obtained in b, but

tion.

value which

which has two more whole figures to the left of the decimal point. Look opposite this, and in the first column
on the left-hand side of the page will be found a value.
Point off one decimal place at the right, and the result
is

the radius of gyration.

Moment

of Inertia.

The moment

of inertia

STEEL CONSTEUCTION

240

a certain value for any given shape, and, somelike the radius of gyration, indicates the
strength-resisting qualities of the section.
Let it be required to compute the radius of
gyration for the section in Fig. 71. In column
6 (C 111), the distance from the center of
is

what

^^cccirzs

X2=2.^^

Fig. 71.

Data for Computing Moment of

Inertia.

gravity to the back of the long leg of the angle
is found to be 0.75 inch for a 5 by 3 by %-inch
angle; and in column 7, the distance from the

back shorter leg is 1.75 inches. The moment of
inertia with respect to the axis 1-1 for one angle,
column 9, is 9.45 while that for axis 2-2, column
The center of gravity of the web8, is 2.58.
plates is on the axis a-a.
The moment of inertia of plates is taken from
;

Courtesy of R. E. Gaut, Bridge Engineer,

I.

C.

R.

Iv.

GANTEY TRAVELER USED IN ERECTING A 375-FOOT SPAN OVER
OSAGE RIVER.
and
On line of Chicago, Rock Island & Pacific Railroad between St. -Louis
Kansas
I'l.ATK

28

Stkki,

Constkuction.

City.

Courtesy of K. E. Gaut, Bridge Engineer,

END POST BEING HELD IN PLACE WHILE PIN
JOINT

IS

I.

C.

R. K.

DRIVEN AT

Ui.

Erection of a 375-foot span over Osage river between St. Louis and Kansas City, on line of St. Louis, Kansas City & Colorado Railroad, now part of
the Chicago, Reck Island & Pacific Railroad System.

Plate 20

Stekl Construction.
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table (C 150). In the i/2-inch colunm on the 12inch line, is found 72.00 as the moment of inertia
of one plate. The area of the section, Fig. 71, is:
2 Plates 12

4 Angles 5

by ^ in.
by 3 in. by ^

in.

in.

in.

=12.00 square inches
(C 111)=15.00 square inches

Total

Let

27.00 square inches

be required to obtain the radius of gyration la-a
Operation a is
it

•

Moment of inertia of 4 angles = 4x2.58 =
Moment of inertia of 2 plates = 2x72.00 =

10.32

144.00

Angles multiplied twice by distance:
4x3.75x5.25x5.25 =

413.39

Plate multiplied twice by distance:

2x6.00x0x0 (since axis coincides with
a-a)=

0.0

567.71

Operation b

is

567.71-27=21.03

Operation c is On (C 281) near bottom, and in
second column, is found 2116. In fii^st colmnn is
46. Therefore 4.6 is the radius of gyration.
In regard to the rb.b it should be equal to or
greater than r^-a. Just to what distance back
wdll be necessary to give this, is not known, and
can be determined only by trial. A rough guess
is to multiply the width of the plate by 0.7, and
make it somewhere about that figure. In this
case 12 X 0.7=8.4 inches say make it 81/^ inches.
The computation will not be given, but this dis:

—

tance makes rb.b=4.8, which shows the colunm
to be safer about axis b-b. The distance might
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be cut

down

to

7%

inches,

and a recomputation

The result would probably be very close
Usually two or three trials are necessary
before it can be determined correctly. If the
last computation comes within 1/lOth of the

made.
to 4.6.

other radius of gyration, and
Do not recompute.

is

greater, let it

stand.

47.

Design of Compression Members.

The

strength of compression members also depends
upon the length of the column, as is seen from
the formula:
Length

in inches

Radius 01 gyration

Here P is the given load which is allowable
on each square inch of column area. This is the
formula used in (C 125) for fixed loads and for
buildings.

For

live loads

and for bridges, use

6/lOths of the above.

As an illustration of the use of this formula,
suppose the column of Fig. 71 to be 30 feet
^long. Then,
P=17,100-(57x30xl2)^.6
=17,100-4,461

=12,639 pounds per square inch.

The area of the section was 27.00 square inches,
and therefore the column could hold 12,639x27
=341,253 pounds.
The design of compression members of Z-bar
columns and channel columns, is conveniently
made from tables (C 127-142). The information
on (C 125-126) should be carefully read before
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These types are in very general

In case other types are desired, a section
must be assmned, and the radius of gyration
worked out as shown above. The stress as given
by the formula must then be divided into the
total load on the column (or stress in the compressive member) and this result which is the
required area must be compared with the actual area of the assumed section. If the assmned
use.

—

;

—

than the required, or differs
another section must be assumed and the operation repeated. This operation must be continued until the assumed and
section

is

less

greatly from

it,

the required sections agree closely.

The student
it

of Steel Construction will find

of great advantage

ment here

if,

in addition to the treat-

given, he will familiarize himself with

the principles of the "Strength of Materials" as
specially presented in any of the standard text-

books on that subject.
As an example, let it be required to design
a Z-bar column to carry the load of 341,253
pounds which is the strength of the 30-foot column of Fig. 71. This is equal to 341,253-^-2,000
=170.67 tons. On (C 129), in the table of 10inch Z-bars, on the 30-foot line, 172.2 is found,
and this is the nearest value which can be found
and stiU not be less than the 170.67. Looking
up at the top of the column, it is seen that the
Z-bars and plate must be "/le inch thick. Also
it is found that the area of the section is 32.7
square inches. By looking on (C 103, 130, and
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248), the sizes of the Z-bars

found, and the section
4 Z-bars 5

in.

1 Plate 7 in.

is

and the plates are

determined to be

by 3| in, by Vie
by "/ig in.

in.=27.84 square inches

=

4.81 square inches

32.65 square inches

In the table of 12-inch Z-bar columns on the
same page of the handbook, is found 180.2 on the
80-foot length; and at the top of the column, the
metal is found to be ^/le inch, and the area 31.2
square inches.

Both of these sections are greater than the
section as designed in Fig. 71, which had only
27.00 square inches, but would be used if a Z-bar
column is desired.
If a channel column is desired, (C 140) should
be consulted. In the 8th column, and near the
bottom of the page, 173.2 is found on the 30-foot
line.
This requires (see top of page to left of
figure for width of plate)
(C 101)
(C 250)

Two
Two

By (0

9-inch 25-pound channels=14.70 square

in.

=17.88 square

in.

32.58 square

in.

11-inch ^Vig-inch plates

two 10-inch
by ^^/is-inch
20-pound channels, and two
plates, give 177.9 as the capacity; and computations will show an area of 30.86 square inches.
A smaller section yet is that from two 12-inch
20.5-pound channels and two 14 by%-inch plates.
The area for this section is 29.61 square inches.
141),

it

will be seen that

12

A length

of 32 feet

is

here used at the top line
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results of the areas

are:
Z-bar

32.65 sq. in.

Channel column
Angles and Plates column

29,61 sq. in.

27.00 sq. in.

would appear that the Z-bar column is the most expensive section, and the angles and plates the least. This, however, is not
the case, for the small amount of riveting done
in the Z-bar colmnn only two rows ^more than

from which

it

—

—

offsets the saving in metal.

of

The channel section is next, with four rows
rivets; and the angles and plates are last,

with four rows to connect the angles with the
plates, and four rows to connect each side by

means

of lattices.

In some cases, bridge sections cannot have
plates on both sides, as in the case of columns,
since other members of the bridge must go inside of them. In such cases the plate is put on
one side only (see Fig. 72). This changes the

1 r
J L

rCenfer of ^rcn/ify
£- Cenfier

t^g. 72.

/"Cenfero/

Srayify

«/ iVei

Showing Shifting of Center of Gravity.

center of gravity of the section from the middle
web to a position higher up; and the radius of

gyration must then be computed as referred to
this axis through the center of gravity.
great
character
given
many sections of this
are
in

A
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Godfrey's Handbook (see pages 104 to 119), and
to this the reader is referred in case it is desired
to design such sections.
Rivets in Compression Members. The
48.
spacing of rivets in compression members is not
determined theoretically. The number of rivets
must be such that sufficient should be put in be-

tween the center of the member and the end to
transfer the stress from the angles to the webs
or from the plates to the channels. In the tiethey are usually spaced 3 inches apart,
or more, a sufficient number being put in to fill
out the plate.
In Fig. 71, one angle is 3.75 square inches in
area. On page 243 the allowable unit-stress is
computed to be 12,639. Therefore each angle

plates,

carries 3.75x12,639=47,396 pounds. If the allowable unit-stress in shear w^ere given as 7,500

pounds, one %-inch rivet would stand (C 195)
pounds, and 47,396^4,510=11 rivets
would be required in the 15 feet on each side of
the center. Here, as in most cases, the computed
spacing would be too great, and the rivets are
usually put in at a 4- or 5-inch spacing up to
about three feet from the ends, where a 3-inch
spacing is used for the remainder of the distance.

4,510

49.

Loading of Compression Members. The

loading of compression members should be central if the stress is brought on by means of a pin,
as in a bridge the pin should be at the center of
gravity of the member. If, as in case of colimms, the load comes on top or from beams
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which are connected to it, the load should be
central and the connecting beams should be
symmetrically joined in. Fig. 73 shows how connections should be made in the case of pin ends
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Fig. 73.
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Connections to Columns.

also in the case

where

1, 2, 3,

and 4 beams

are connected to the column.
If columns do not have connections symmetrical and, as in case of one beam, at the center of
the column, the stresses will be greatly in excess
of those as computed, and the member may fail.
Also, the columns should be so placed that the

reactions of

beams coming on opposite

sides of

will be equal or as nearly so as possible.

it

Fig.
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74 shows some coimnon framing practice which
should be avoided.
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Fig. 74.

Illustrating Incarrect

Methods of Connecting to Columns.

CLASSES OP TENSION MEMBERS
Tension members may be divided into
classes simple members and built-up members.
The first class may be still further divided into eye-bars and single shapes.
Eye-bars are bars with circular ends, in
which are holes whereby they are connected to
50.

two

other
pins.

members by short circular bars called
The general form of the head, and also
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the thinnest bar for any particular width, together with the largest pin to be used with a
bar of a given wddth, are to be found in (C 212).
In order to make the head so that when the
eye-bar breaks, it will break in the bar part and
not in the head, it has been found necessaiy to
make the sum of the distances a greater than
the distance w, the width of the bar.
Several different proportions have been used
in the past, but common practice now appears to
have 2a=li/3W. That is, the area of the bar
through the pin is I/3 greater than that through
the body of the bar. If P is the diameter of any
pin, then H, the diameter of the head for a width

w

of bar,

is:

H=P+li w,

and the

result is taken to the nearest half-inch.

See rig. 75.

i>
Fig.

75.

|,

Proportions

of

Eye-

Bax Head.

As an example,
inches,

p^g^ 73.

Proportions of Upeet
Bar.

^

let

and the pin be

of the head

-^
the width of a bar be 8

6% inches.

The diameter

is

H=6ffljx8=17.14, say 17 inches.

The pinhole should not be
thirds the width of the bar,

less

than two-

and the thickness of

the bar should not be less than one-seventh the
width of the bar. Bars which do not conf oi-m to
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the above requirements are liable to be deficient
in strength. The holes in the bar are usually
made from V50 to ^/lo larger in diameter than the

pin which is to go through them.
Eye-bars are usually in one piece, being the
straight bar with the two heads. These heads
may be made of different sizes. In some cases it
is necessary to tighten up the eye-bars after
they are in position; and then they are made in
two pieces with screw ends (C 212), and these
ends are connected by either a sleeve-nut or a
turnbuckle (C 211). The former is preferable
in light work, since, in the latter, ill-disposed
persons especially in the case of bridges can
loosen them up by means of a stick.
In case the stress is not great, round or
square bars may be used. These usually have
screw-threads cut on their ends, after first being
upset at the ends to such a degree that after the
screw-threads are cut the diameter x of the bar

—

—

aSot^^A'^'^W-

^^<?^i^'*'i^

m
SacXf Vt9v^

£ne/ Viet^
Fig. 77.

Connections for Bara

bottom of the threads will be slightly
greater than the diameter of the bar d (see Fig.
76). This upsetting is done by first heating the
at the

STEEL CONSTRUCTION"
end of the bar, which

251

longer than it is required to be when finished, and then placing it
in an upsetting machine, which forces the end
in the form shown. In (C 205-206) is information regarding the upsetting of bars. The reader
should carefully read the notes at the bottom of
is

(C206).

The connection of such bars to other memmay be made by means of clevises (C 210),
or by some form of U-plate as shown in Fig. 77.
Sometimes a bolt-head is forged on one end of
the bar, and a nut is used on the other end.
The weight of the bar itself may be computed
bers

ion

A

llO'

ol
loll

lot

I

21

'o'l
I

'^

-cr

^V
Fig. 78.

Flat Bar or Plate Connections.

by help of the tables (C 261-266) and the weight
of the head and nuts, from the table at the bottom (C 202). According to (C 206), last line on
the page, it requires 6 inches additional on the
;
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bar, to form an upset for a screw. The sizes of
nuts are also given on (C 203-204). Of course
the total length of the bar for which the weight
^in
addition to the
is to be computed, must
length required for distance from connection to
connection, as in Fig. 77, where this is 30 feet
have the length required for the upset and the
thickness of the nut, and then a small amount
(say 34^ inch) additional to one or both ends, depending on whether there is a nut at one or both

—

ends.

Another form of simple tension member is
the flat plate, which is connected to other members at its ends by being riveted. It is coming
more and more into favor; but, if used, the connection should be made as
and not as in Fig. 78, b.

Pig. 79.

shown

in Fig. 78, ai

Methods of Making Angle Connections

Angles are much used as tension members,
being riveted at their ends to the other members
in a manner somewhat similar to the flat plate.
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in pairs (Fig- 79, a), or

they should be riveted to both legs by means of
a clip angle (Fig. 79, b). If they are riveted to
one leg only, then, in the design, the other leg
cannot be counted in as taking any of the stress,
since the manner in which they are riveted
causes exceedingly large stresses in the angle.
It is customary in many cases to rivet the angle
to one leg only. This should never be done, for
only the large factor of safety prevents rupture
of the

member when

for which

it is

it is

stressed to the

amount

designed.

In all cases of tension members, the area
which must withstand the stress is not at a-a,
but at b-b or c-c, because the holes through which
the rivets go cut out parts of the member and
thus reduce its strength by the amoimt cut out.

The built-up tension members may be of
any of the combinations of shapes shown in Fig.
65. The same remarks made under "Compres-

Members" regarding

the rivets connecting
the different shapes, apply here. At the ends,
those classes of members may be connected'
either by rivets or by pins to other membei-s. In
sion

case of their being riveted, care must be taken
to see that there is enough area after all the
rivet-holes in any cross-section are taken out.

In case of a pin connection (Fig. 80), care

must be taken to see that the section through
the pinhole is as great as that required by the
design. Also, the distance from the center of
the pinhole to the end of the member must be
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carefully designed, or the

member

will fail

by

In order to save
material, it is advisable to have the section a-a
through the center of the pin cut through no
splitting out along the line b-b.

rivets, as is

Fig. 80.

shown in

Fig. 80.

This section, as in

Arrangement of Fin-Plates and End of Tension Member.

the case of the eye-bar, is greater than the section through the center of the pin, or the member would fail at that point. This amount of excess, as well as the distance y, is usually determined by the specifications, a very common
requirement being that the section through the
pin shall be one-fourth more than that through
the center of the bar, and the section through
b-b shall be at least equal to that in the body of
the bar.
In tension

members when compared

witti

compression members, the reverse is true as regards the radius of gyration. Although attention is seldom paid to the fact, nevertheless the
smaller the radius of gyration, the better the
However, the radius of gyration is
section.
never computed for tension members.
If the web were thin, the pin would tear out
of

it

somewhat

huge rivet.
one or more plates,

after the fashion of a

In order to prevent

this,
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in Fig. 80,

to prevent this.

These pin-plates should be on
compression members.
The design of their
thickness is the same for both classes of members, and the determination of the required number of rivets is the same; but in tension members, only sufficient rivets should be to the right
of the section a-a, so that their combined
strength will be equal to the section of the pinplates through the section a-a. The remainder
of the required niunber should be to the left of
section a-a. The reverse is true for the distribution of rivets in compression members. This is
due to the fact that the direction of the stress is
just opposite in one case to what it is in the
other.
51.

Design of Tension Members.

In

all

cases the required area is equal to the total stress
divided by the allowable unit-stress. Examples
are given below, showing the method of design
of different classes of members.
tension member has a total stress of
(1)
The allowable unit-stress is
449,500 pounds.
16,000 pounds per square inch. What eye-bars
would be used, and what would be the diameter
of their heads provided a 5i/4-inch pin was used'?
Required net area=449,500-^16,000=28.10

A

square inches. Let 4 bars be used. This number wHl be indicated by the condition of design
and class of structure, but is usually an even
number.
Area of one bar=28. 10-^4=7.03
square inches. On (C 247), in the 6-inch column,
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found 7.13 on the IVie-inch line. It is to be
noted tliat lVi6 is greater than Veth of 6. Therefore 4 of these bars will be used.

is

Diameter of head,

H=514+ 11/3X6=131/2

inches, being to the nearest half-inch.
(2)

tension

The

stress is 48,000 pounds.

member

is

to be one plate,

If

what

is

the
the

allowable unit-stress being 15,000
pounds per square inch?
3.2
48,000 -r- 15,000
Required net area
square inches. By (C 247) it is seen that a 6%inch by %-inch plate with an area of 3.25 square
This is the net area.
inches, is the nearest.
size,

the

=

=

Since the plate is attached by rivets, there must
be an increase in width equal to the diameter of
the rivet used times the number which could be
cut by a line drawn across the member. Suppose two %-inch rivets were cut. The width
would then be 61/24-2
inches. An 81/2inch plate would be used.
Note that in this
case the plate may be thinner than one-sixth the
width. It is because no heads are forged on it
as in the case of eye-bars.
If the total stress and unit-stress are
(3)
as above, design an angle to take the stress, the

X%=8%

rivets being

%-inch in diameter.

The required area will be the same, 3.2 square
inches. An angle (C 113) 31/2 by 3 by "Ae-inch
will

be tried.
Out for one

Gross area = 4.00 square inches
= 0.69 square inch

rivet lx"/ie in.

Net area = 3.31 square inches

ERECTING A CANTILEVER SPAN.
View Showing

position of derrick car during erection.

Courtesy of Chicago,

Milwaukee &

St.

CANTILEVER SPAN NEARING COMPLETION.
Plate 30

Steel Construction.

Paul Railway.
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The

%

^Vie inch is multiplied by 1 (inch) instead of
(inch), since, on account of the injurious ac-

tion of the

punch on the metal, the metal

di-

rectly around the hole is not considered of value

in withstanding stress,

and so a portion

% inch

larger than the diameter of the given rivet

is

taken out.

The angle chosen is the one that will be used.
Other angles may be chosen and investigated;
but it will be found that they will not give areas
as near to the required, and at the same time
greater.
clip angle of the same size will be
used to help connect it at the ends.
If the total stress is 240,000 pounds, the
(4)
allowable unit-stress 16,000 pounds per square
inch, and the rivets yg-inch, design a section consisting of plates and angles. The pin at the end
is 6 inches in diameter.
Required net area=240,000^16,000=15.00
square inches. A common proportion is to make
the plates somewhere near one-half this value.
Two 12 by %-inch plates give a gross area of
(C 250) 4.50x2=9.50 square inches.

A
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all to

be taken out of the section.

of the plate

The net area

is

— (8x%Xl)=6.5

square inches.
This leaves 15.00-^6.5=8.50 square inches to be
divided among 4 angles; and accordingly each
angle must be 8.50-^-4=2.13 square inches in net
9.5

section.

By consulting (C 113), a 31/2 by 3 by Vie-inch
angle appears to be about correct. It will be
tried.

Gross area, 4 angles=4x2.65=10.60 square inches

Out for

rivets,

4xVi6xl=

l-'^G

square inches

Total net area=15.34 square inches

8.84^-4=2.21 square inches each, which is as
near as can be obtained. They will be used.
The total net area is:
or,

Plates

6.50 square inches

Angles

8.84 square inches

Total

15.34 square inches

At the section through the pinhole, the pin
takes out 6x%X2=4.5 square inches; and so
the actual section there is only 15.34-4.50=
10.84 square inches, when it should be 15.00x1^
This
(see page 254) := 18.75 square inches.
make
shows that plates must be added to
up the
difference of 18.75-10.84=:7.91 square inches.
As has been said, the pin is as a huge rivet.
The bearing value follows the same rule as the
rivet (see page 134).
If the allowable unitstress were 15,000 pounds per square inch, the
bearing value of the pin in the %-inch web would
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be 15,000X6X%=33,750. Since there are two
sides or webs, the value of both would be
This shows that
2X33,750=67,500 pounds.
there is a difference of 240,000-67,500=172,500
pounds to be taken up by pin-plates. For one
side of the member there would be 172,500-=-2
=86,250 pounds. This requires 86,250^15,000
=5.75 square inches bearing on the pin. Since
the pin is 6 inches in diameter, the bearing area
must be 5.75-f-6=0.96 inch thick. This is practically 1 inch.
This will be made up of two
11-inch by i/o-inch plates placed as shown in
Fig. 81.

The small

plate in between the

web and

outer plate, is used only to fill in, since it is
as great in width as the diameter of the pin.

The net area

of the other

2 Plates, 2xllx| in

Out for

pin, 2x^x6

Total

two plates

the
only

is

11.00 square inches
6.00 square inches

5.00 square inches

This is less than the 7.91 extra square inches
required on the condition that the section
through the pinhole shall be 1% times that
required for the body of the bar. The plates
will have to be made thicker. Each Vie added
will add (11
6)xVi6=Vi6 square inch to the
net area; and since 7.91 5.00=2.91 square
inches extra is required, it will be necessary to
increase the thickness 2.91-7- Vi6=9 sixteenths,
making the total thickness of both plates IVie

—

—
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The inner

inches.

plate will be

% inch,

made

and the outer one ^^Ae inch.
The distance from the pin to the end

shall be

such that the area will be 15.00 square inches,
the same as in the body of the member. The
thickness is that of a %-inch web and the

two

This is %+^Vi6+%=^Vi6, and
must then be ( 15.00+^ Vie )-f-2=3%
The distance from the center of the pin

pin-plates.

the distance
inches.

end

then 6-T-2-|-3y8=6% inches.
The web is
or Vie inch; the outer plate is
inch
and
the
inner plate is
or ^ Vie inch,
^'Vi6
making a total of 31 sixteenths. The stress distributes itself over the pin evenly, and each plate
takes a stress in proportion to its thickness.
The stresses in the pin-plates on one side of the
member only are considered, those on the other
side being the same.
to the

is

%

%

;

240,000
u

V4

As both

-in.

plate=

—

240,000
2

—

x^V3i=46,450

of these plates get their stress

from the

web, there must be sufficient rivets in bearing in
the web to transfer this. The required number
(see second table, C 195), is:
50,300-^4,920=ll

46,450^,920=10

Now each plate has a tendency to slide along the
web.

This will tend to shear the rivets

off,

and

STEEL CONSTRUCTION
therefore

there

will

be required
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(see

same

table)

For "Ae-in.
^-in.
For

plate, 50,300-4,510=12

plate, 46,450-r4,5 10=11

This makes a total of 21 for bearing, and 23 for

The distribution of the rivets is as
shown, remembering that one rivet is in double

shear.

shear but cannot take 2x4,510, but only 4,920,
since it is in bearing in a %-inch web.
Connections. The connection of mem52.
bei*s by means of pins has been discussed.
The
connection of plate and angle members by
means of rivets should by this time be easy
of computation for the reader. The total stress
is divided by either the shearing or bearing of
a rivet, whichever is the smaller; and the result
will be the number of rivets required.
Standard Connections. The connection of
beams to girders and gii'ders to columns has
been discussed. The method given was a general one,

and

is

applicable to all cases.

How-

ever, for cases such as usually occur in building

work, standard connections may be used. These
are standard for any given beam, and are so
designed that, if the beam will be safe for bending, the standard connection is safe. They are
given on (C 177-188). They should not be made
use of at random. First, the number of rivets
required should be computed; and if this is the
same as or less than those in the standard connection, then the standard connection should be
used.
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On

(C 189-190) are given beam connections
to Z-bar columns. They may also be used on
channel columns or on columns built up of
shapes. The range of values for reactions of

beams

is

from 4.4 to

26.5 tons,

and

this is usually

as great as is required. In case the reaction is
greater than that there given, the number of
rivets may be increased proportionately, or
connection angles may be put on the beam as

shown

in Fig. 82, the additional rivets being put

'
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Fig. 82.

Connections to Z-Bar
Columns.

Fig.

83.

Entering Connection.

in the connection angles. The field rivets are
used with the top angle, in order that, should
the beam be a little greater in depth than that

given in the handbook, the adjustment can be
in the small angle and not in the beam or
by cutting oft' the angle, which would be the way
if field rivets were not used.

made
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Entering connections, of which Fig. 83 is an
example, should be avoided. The distance a is
either made equal to the thickness of the web of

beam which is to join at that point, or it is
made larger. In the first case, the web is more
the

than likely to be thicker than the value given in
the handbooks; and one of the angles must be
cut off in order to get the

beam in. On

the other
too great, there is the

if the opening is
danger of a loose fit; but this can be done away
with to a certain extent by putting in pieces of
shiming sheets. Taking into consideration all
conditions, it should be a fixed rule that they
should never be employed.

hand,

CLASSES OF STRUCTURES
Use of Beams. The use of beams com53.
posed of channels and I-bars is practically limited to building construction.
On account of
their limited section modulus, their span cannot
be great, since the moment becomes too great for
their capacity. Also, in building work, the span

many cases further limited by the plastering on its under side. Rolled beams are seldom
used in railroad work for spans greater than 20

is in

feet.

54.

Use

built

up

The term girder here
member. Girders may be

of Girders.

signifies the built-up

to spans of 150 feet; but bej^ond 140

use is economical,
since their depth is so great that web-plates
cannot be rolled with lengths much greater than
feet, it is

a question

if their
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the width, and this necessitates many splices.
These splices are expensive. Again, such girders require large flange areas usually greater
than can be furnished by the thickest 8 by 8-inch

—

angles

—and plates and channels are then used.

The webs of the channels are so thin that a great
amount of riveting is necessary.
For spans up to 135 feet, girders are in
almost universal use in buildings and in railroad construction. For highway purposes they
have not come into very general use, but probably will do so in the near future.

BRIDGES
Use of Bridge Trusses. Since 1854 the
55.
metal bridge truss has been in general use for
all spans from 10 or 15 feet up to several hundred feet. The huge Firth of Forth bridge in
Scotland, and the Quebec bridge crossing the
St. Lawrence river near Quebec, have spans of

about 1,800 feet.
Bridges may be considered as trussed beams.
A truss is a combination of members which take
stresses in direction of their length only.

An-

other definition, perhaps, is that a truss is a
combination of tension and compression members.
Two or more trusses constitute a bridge.
The trusses constituting a bridge are connected
by a system of beams on which the load is carried. This is the floor system of the bridge, and
has no purpose except to carry the loads to the
trusses.
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Classes of Bridges. Bridges, like beams,
be divided into continuous, simple, and
overhanging. In the case of overhanging bridges,
there may be one or both ends overhanging.
56.

may

Such bridges are called cantilever bridges from
the fact that the overhanging end is a cantilever
(Plate 7).
Other classes of bridges are the
suspension, swing, rolling-lift, and trunnion -lift.

/WW\,

/1WTO\.
Fig. 84.

Classes of Bridge Trasses.

Probably 95 per cent of

—that

all

bridges built are

having each end
resting on a support. The simplest forms are
the Hng-post and queen-post trusses (Fig. 84).
Since the panel length that is, the distance between any two joints is limited to about 20
feet, the greatest spans of these classes of
bridges are 40 and 60 feet respectively.
Other classes of simple trusses are the Howe,
Warren, Pratt (Plate 8), Camel Back (Plates
of the simple type

is,

—
—

and 10), Baltimore, and Petit (Plate 11).
The first three and the last w^ere named after

9

their

inventors;

the

fourth,

because

of

its
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humped back; and the fifth, because the Baltimore Bridge Works was its first builder. The
camel back

The
truss

is

is

frequently called the bowstring.

limiting economical span for a simple

between 300 to 500

the class.

The Pratt

is built

feet,

according to

to a greater extent

than any of the others, probably 85 per cent of
The
all simple trusses are of the Pratt type.
Petit and Baltimore are for long spans only
The rolling-lift
say from 250 to 500 feet.
(Plates 12 and 13) and trunnion-lift (Plates 14
and 15) are the outcome of the attempt to do
away with the old swing bridge or drawbridge
(Plate 16). The latter was costly, and also had
a pier in the center; and this, especially in

narrow streams, was a great obstruction to
navigation.

The

and trunnion lifts have their
foundations and supports on the banks, the full
rolling

width of the stream being available for navigaThese bridges are balanced about their
rolling or trunnion centers, by huge counterweights of cast-iron blocks or masses of concrete, and are opened or closed by a pull or push
on the operating strut, which is usually supplied with power from electric motors in a small
house as indicated.
tion.

All bridges

shown

in Plates 9 to 16 are

through bridges, since the traffic moves
through them, between the trusses. Any of them
shown, except the suspension bridge (Plate 17)
might be turned up the other way, allowing the
called
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move over

traffic to

the top.
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They are then

called deck bridges.

Plate 18 shows a deck
bridge of the Pratt type.
Continuous bridges have the same objections as continuous beams.
slight settlement
of the trusses causes the stresses to be greater

A

than computed. They are not used in this
country, except in a very few cases.
Cantilevers and suspension bridges should
be used for long spans only, or where their form
offers ease of erection.
They are very uneconomical for short spans. Their special use is
for spans of about 500 to 1,800 feet for cantilevers, and 1,000 to 8,000 feet for suspension
bridges.

In Fig.

84, the

heavy

lines indicate

compres-

sion members, while the light lines indicate tension members.

Dotted

lines indicate that the
takes compression and someThe names of the various mem-

member sometimes
times tension.

bers are also put upon them, in many cases. In
simple trusses, the top chord is always in compression, and the bottom chord always in
tension.

Design of Bridges
57.

The determination

of stresses in steel

one of the functions of the designing
calls for a high grade of technical
skill and mathematical training.
Once the stresses are computed, however,
the design is simple. The design of the sections
bridges

is

engineer,

and
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is

made

in the

same way that the tension and

compression members are designed in this text.
The economical design and the getting the parts
to fit together in the best manner, can be done
only after much experience. The student is advised to study plans of actual bridges and more
advanced texts, before attempting design.
Both ends of a bridge should be bolted to the
supports so that they cannot move. In warm
weather a bridge is slightly longer than in cold
weather, and any change of temperature causes
If both ends were fixed,
it to change in length.
the stresses in the bridge would change considerably from those computed on the basis of the
loads, and may in extreme cases cause danger.
One end should be fixed to the support, and the
other end should either be on rollers or on a
planed plate so that it may move backwards and
forwards when the temperature changes.

MILL BUILDINGS
Buildings which are used for manufacturing purposes are usually classed as mill
buildings.
They may be entirely of steel, or
they may have brick walls and steel roofs. The
steel roofs may be covered with a steel roofcovering or with slate, shingles, tile, concrete,
or any other roof-covering.
In any case, mill buildings usually consist of
a series of bents (Plates 19 and 20), which consist of a pair of columns supporting a roof truss
and, in many cases, a crane also, which runs
58.
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lengthwise of the shop. In some cases the columns carry the wall covering; in other cases the
colimms carry the roof truss only, masonry walls
being built in between them; while in still other
cases, there are no colimins at all, the roof
trusses resting directly upon the tops of

masonry walls.
The roof trusses are connected by beams on
which the roof cover is supported. These are
The columns are connected by
members rimning horizontally, and these memcalled purlins.

bers are the supports of the walls of the building.
They are called girts (see Plates 19 and

The space between any two bents
20)
a bay.
.

The covering

is

is

called

usually of corrugated iron.

Since the strength of the iron is such as safely to
caiTy a man if it is supported at its end by supports 5 feet apart, the spacing of the purlins on
the tiniss should not be greater than 5 feet. The
girts must be strong enough to carry the weight
of the siding, and also to withstand the
wind pressure. This wind pressure is usually
assumed at 30 poimds per square foot of wall
surface. The spacing of girts should be limited
to 5 feet in order not to have the corrugated steel
stressed too greatly by the wind.
The length of bays is an important factor in
the cost of the building. Tliis varies with the
span of the roof truss. Per spans of from 10
to 20 feet, the bays should be 10 to 12 feet in
length; for spans of from 30 to 60 feet, 15 feet
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in length; for spans of

from 60

to 80 feet, 20

and for spans of from 80 to 150
25
feet.
In many cases, wooden infeet, 21 to
stead of steel purlins are used; and then the
span is one foot short of the standard lumber
lengths, being 11, 13, 15, 17, and 19 feet, in order
that 12, 14, 16, 18, and 20-foot joists respectively
may be used for purlins.
The pitch or slope of the roof truss is important.
In case the roof-covering is of tar or pitch
and gravel, it should be small, or on warm days
the roof-covering would run. In case tile, shingles, or corrugated iron are used, the pitch
should be steep, or the rain will beat up under
the covering at its laps, and cause leaks. For
concrete roofs, the slope may be small or great
as desired. It might be said that for pitch or
tar roofings, the pitch of the roof should be Vs
or less, while for the other classes it should be
usual pitch for the latter class is
over Vs.
or 30 degrees, either of which gives satisfactory
feet in length;

%

A

results.

The

effect of the pitch of the truss

%

on the

to i/3> Proweight is small for slopes from
vided the lower chord of the truss is horizontal.
If the lower chord is raised, the difference will
be considerable, and comparative design should
be made to determine the most economical pitch.
Purlins are most economical when made of
Z-bars, in which case the section modulus given
in Table
should be used.
Channels and Z-bars are the best for girts.

X
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length of bays be great, I-bars

may

be

Angles have been used in some cases,
but they are not economical.

used.

_W\tX

.-i<^lsP^t^ .^^''^^^Wy
Comrrton firtk

Howe

Praie

Tha^fi/^r/ibc/ Truaei

Cr»s>cenf

^oo^

7?-t/Af*<»

fiTT^TARr^

Fig. 85.

59.

Classes of Roof Trusses.

Design of Roof Trusses.

There are sev-

eral types of roof trusses (see Fig. 85).

manner

The

design of these is made
viously given, the stresses being once determined. The loads are given in the specifications, and the approximate weights are also
after the

given.

pre-
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The stresses may be determined by the
methods of mechanics; or, for the most usual
forms and slopes, they may be determined by
(C 173-174). The methods given are for trusses
which rest upon masonry walls. In the case of
stresses in trusses which rest upon columns, the
stresses are greater in some members than in
others.
The computation of such trusses is
rather complicated; but

members be and bf

if

the stresses in the

computed by (C 174) are
doubled, and the stress in gc is increased by %,
the trusses will be safe, and will do for all
as

practical purposes.

Most of the members

of roof trusses

of

ordinary spans, consist of one or two angles.
is used in either tension or compression, tables (C 109 to 119) may be used. If
two angles are used in compression, the tables
in (C 144-146) are to be used, the least value of
the radii of gyration being employed. Usually
the angles are
inch apart, owing to the fact
that the connection plate goes between them.
In such cases, use ro or rg, whichever is the least.
Connections of members are made in most
of the ordinary spans and should be in all
spans up to 125 feet by means of rivets. In
this case the bearing value of the rivet in the
connection plate, or its value in single shear, is
used, taking the smaller value if the case is one
where one angle joins the plate. If the member
consists of two angles, then the value of the rivet
in bearing in the plate determines the number
If one angle

%

—
—

Courtosy of Selu'izcr Ilolliug Lift Bridge Co.

EREOTION OF ROLLING-LIFT BRIDGE IN OPEN POSITION.
Plate 32
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In each case, whether the member is
in compression or in tension, the number of
of rivets.

rivets is obtained

the

member by

by dividing the

total stress in

the value of the rivets.

Care should be taken to see that the gauge
lines of angles, when three or more meet at a
joint, should all meet at the same point, as in

Fig. 86.

Correct and Incorrect Methods of Connecting
or More Angles that Meet at a Joint.

Up

Three

Fig. 86, a, and not as in Fig. 86, b. When they
meet as in Fig. 86, b, extra stresses are set up
in the members and the plate; and these stresses

are additional to those caused by the loads on
the truss. This is a quite common fault, and, in
addition to showing poor design, may in extreme
cases cause failure of the joint.
Clip angles should be used in all cases where

an angle connects

60.

to a plate.

OFFICE BUILDINGS
An office building may be defined as any

building which

is

of such height as to necessitate
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a steel frame. Steel frames become a necessity
when the height of the building becomes such as
to require a masonry wall to be so thick as to
take up valuable room which could otherwise
be used for renting purposes.
The columns, and the joining and spacing of
the floor-beams and girders, have already been
discussed.

The great advantage
is

that the walls

inches

of this type of building

may be made very thin

—8 to 12

—since they extend only one story.

This

made necessary by the fact that if they did
extend more than one story, the expansion of the

is

and the masonry would cause cracks in the
walls, as these substances expand and contract
at different rates under changes of temperature.
Another advantage is that the work of building the walls may begin at any story without in
the least affecting the work at the other stories
(see Plates 21 and 22). Still another advantage
steel

the fact that since the steel is so strong,
the columns may be placed far apart, thus leaving large, open spaces which may be divided up
into rooms of any size after the building is comlies in

pleted; or, after they have been once divided,

the old partitions

may

be taken out and a new

made to suit the new tenant.
The beams or combinations of beams which

division

go between the columns at the outer walls, and
which carry the outer walls, are called spandrel
beams. The wall for the next story above is
built into angles and various other shapes which
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shows spandrel beams.
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Plate 23

Bents and Towers. When the end of a
structure rests upon a two-legged tower, the
structure is said to be supported by a bent. A
familiar example of this is foimd in the case of
61.

elevated railroad structures. The legs of this
bent are columns, and carry the reactions of the
structure and

its loads.

If there is

no wind, the above-mentioned

loads are the greatest that

come upon

it;

but

if

the wind blows sidewise on the structure, addiThe stress in the leg on
the side where the wind blows is decreased,
while that in the opposite leg is increased by a

tional stresses occur.

amount. If the bent is high, this effect may
be such as to lift one side; and in such cases, the
ends of the colmnns must be bolted down to a
large block of masonry or fixed in iron blocks.
The colunms must also be designed to withstand

like

this additional stress.

Likewise, in towers, great stresses occur

from the wind; and the columns must be designed for the extra stresses brought upon them,
and must also be fixed so as to prevent the tower
blowing over.
62.

that the

Steel Grillage Foundations.

waU

sink into the

In order

or the end of a column may not
beams are laid in con-

soil, steel

shown (C 165). If the pressure comes
masonry footing may be built
on top of the beams, and the same method used.

crete as

fi'om a column, a
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On
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(C 165-166) are instructions, examples, and

tables illustrating the design of such footings.

THE MAKING OF STRUCTURES
Designing and Drafting. When bids
63.
have been asked for by parties, the firms desiring to secure the work obtain a set of specifications from the parties desiring the work done,
and also all data regarding the location, dimensions, and layout.
In some cases, the parties
desiring the work done furnish a drawing showing the general class of structure they desire,
and, if the structure has many peculiarities, they
may also furnish drawings giving the stresses in
all of the members, and also the sizes of them.
In case the drawing, with the stresses and sizes
of members, is not furnished, the contractor
makes one for himself, and then makes sketches
from which he can very closely estimate all the
material required. He then prepares his bid.
If his bid is accepted, he then sends this
sheet, called the stress sheet, to the drafting
room, where the detail drawings or shop drawings are to be made. As soon as a contract is
This
secured, a certain number is given it.
number is put on all drawings and correspondence relating to it, and is painted on all material
for the members of the structure. As soon as
the stress sheet reaches the drafting room, one
of the best men takes it, and from it orders all
the material necessary to build it. This bill of
material is sent at once to the rolling mills, and
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turned over to the draftsman
who makes the shop di*a wings.
The shop drawings show the size, dimension,
and position of each piece that goes in the structui'e, and also the position of each rivet and
rivet-hole. The draftsman also makes out a list
of all the rivets required for the field and shop,
and also a shipping bill which gives the length
and size of each member of the structure.
After the draftsman finishes his work, it
goes to the checker, who carefully goes over it
the stress sheet

is

any. The tracings
are then sent to the blue-print room, and several
sets of prints are made from them. One set is

and corrects the mistakes,

if

sent to the purchaser for his approval; and after
is returned approved, sets are sent to the

it

heads of the various shop departments which
will have anything to do with the structure.
One set is kept on file in the office.
64.
Making the Members. The templet
shop begins work upon the order. Here holes
are bored in pieces of boards so that when these
boards are clamped to the piece of metal which
is intended for part of a member, the holes will
come where the holes should be in the member,
and the ends where the end of the member
should be. After the templet is made, it is
marked with the order number and with the
piece number, and has the notation signifying
the kind of rivets and where the various cuts
should be. It is then sent to the laying-out shop
or division.
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In many cases the steel for the structure
from the mills long before the dramngs
are made. It is unloaded, and placed in piles in
the yard or in a shed near the laying-out shop.
When the time comes that the templets are done
and begin to come in, the material is brought in,
arrives

one piece at a time as desired, and,

if

necessary,

The layers-out then take a
piece, put it on their bench or trestle, clamp on
the templet, and, with a center-punch and hamis

straightened.

make a small indentation in the steel in the
center of each rivet-hole by placing the centerpunch in the hole bored in the templet and
striking it a sharp blow with a hammer. The
piece is also marked where it should be cut off,
and also with notes regarding the rivets.
From here the piece goes to the shears, where
it is cut to shape and then to the puncher, where
the holes are punched ^Ae inch smaller than the
diameter of the rivet which is to go in them.
From here they go to the assembling departmer,

;

Here the different pieces are cleaned of
rust and scale, and painted one coat of some good
paint on the surfaces which are to be riveted
together. The different pieces which go to make
up a member are then bolted together by bolts
ment.

placed in the rivet-holes at frequent intervals.
The member is now ready for the reamers.
The reaming machines are usually placed
close together in rows, so that several of them
can work on the same member at the same time.
These reamers are nothing more or less than
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boring machines. They bore out the rivet-holes
to a size Vie inch larger than the diameter of
the rivet.

Reaming bores out

that material

which was the most injured by the punching,
and it also brings into line any holes which do
not exactly match up.
From the reamers, the

member goes to the
riveted together, the assembling
bolts being taken out to make way for the rivets.
riveters,

and

is

The whole member is next taken
rotary planers, where the ends are cut

to the

to the
exact length. Also pinholes, if any, are bored
with the boring machines.
From here it is taken to the paint shop,
where all inist and dirt are cleaned off, and it is
given the coat of paint as required by the
specifications.

The member is now ready to be shipped. It
loaded on the cars, care being taken to see
that it will clear all objects along the track or in
the tunnels, if any; and also to see that it is
securely fastened for its journey. In case a
structure is to be shipped by steamer, a diagram of the boat, showing all hatches, stanchions, and pillars in the hold, should be furnished
before the drafting has begun, in order that the
various members should be so built as to go in
the hold.
Inspection. From the time the draw65.
ings are first sent out, all the processes of construction are under close double inspection
that of the company's inspector, and that of the
is
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inspector employed by the purchaser. The inspectors first look over the drawings closely,
and then see that the material, the methods of

working, and the results are in accordance with
the specifications. Having a higher education
than many of the shop men, they imderstand
the drawings better, and therefore should be
present not only to criticise but to help along
wherever possible by giving advice when asked
and by making kindly suggestions which will

make the work

easier for the

workmen.

COST OF STEEL STRUCTURES
In bidding on a structure, the bid may be for
a lump sum to complete the work, or for so much
per ton, or for so much per pound. In any case,
the contractor will not directly estimate it that
way himself. He will take into account and
figure on the ten or twelve costs which go to
make up the total, and will then transform them
into the lump sum bid or the unit-price. These
various operations, together with their costs,
are given in the following articles.
66.
Raw Material and Mill Work. The
raw material means the various shapes just as
they come from rolls. These vary in price in
different years,

year.

They

and at different periods of the
vary in price according to the

also

and kind of shape. Since the variation in
price is due chiefly to the variation in the price
of ore and cast iron or billets, there is a certain
size

price for various shapes called the base price;
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must be added the
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so-called card

extras for a particular shape, in order to get the
price per pound for that particular shape.

The base price will be found in standard
trade papers covering the steel structural field.
The card extras are issued at certain intervals
by the manufacturers, and can be had for the
asking. Any dealer in hardware can get you
Sometimes one-half the card extras are
to be added to the base price.
For example,
suppose the base price was l.STi/o cents per
pound, and the card extra for 24-inch I-beams
was 0.10 cent. The price for 24-inch I-beams
would be 1.871/2+0.10=1.971/2 cents per pound.
In cutting material in the mills, a %-inch
variation is allowed. That is, if you order a
plate 18 feet 7^ inches long, it may come to
you 18 feet ly^ inches long, or 18 feet 7l^
one.

inches long.

So,

in ordering material,

it

is

ordered longer than the finished length, in order
it will be correct if the mills happen to cut
it
inch shorter or longer than ordered. Of
course, if it is longer than the ordered length, it
can be cut again after it reaches the shops.
No shop work will be done on angles and
plates at the mills, but they will do a certain
amount on I-beams and channels. The work
they will do on I-beams and channels is punching the same or different-sized holes in various
parts, cutting and bending, and painting and fitting connection angles on the ends. It is often
cheaper to have the mills do such work as the
that

%
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and then have the material shipped
where the structure is to be
located, thus saving some freight and all
above,

directly to the site

handling at the shops.
The mills issue cards stating the cost for performing the dilf erent operations as given above.
This cost is in cents per pound of beam worked
upon. It costs just as much to have one hole
punched in the web of a 20-inch 65-pound I-beam
30 feet long, as it would to have 1,000 holes
punched. A beam such as the above weighs
65x30=1,950 pounds; and it costs 15 cents per
hundred pounds, or 19.5 X 15:^$2.93, to punch

many

holes as are wanted in the web of that
The card showing these extras and their
cost may be had by addressing any rolling mill
company. The cost varies from 15 cents to $1.55
per hundred pounds, according to the amount of
work done.
Drafting and Shop Costs. The draft67.
ing cost on I-beams and channel work does not
as

beam.

exceed 50 cents per ton when a good draftsman
employed on it. For a general average, $1.00
a ton is about right. Building-truss and plategirder work should not run higher than $2.00 to
$3.00 per ton, although some runs as high as
is

$8.00 a ton.

As a general

rule, the lighter the

work and the more difficult, the higher the cost.
Some work on a dome where the heaviest angles
were 3 inches by 3 inches by Vis inch, and where
much curved work was necessary, runs up as
high as $15.00 a ton.
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The Shop
ing,
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Cost.

follows
Columi)

$14.00 to $20.00

\^ork

Truss and Girders

.$12.00 to $25.00

Other Costs. Painting will cost about from
$1.50 to $3.00 per ton for two coats. Bolts and
spikes are to be coimted up, and estimated at the
current market prices. Freight varies with the
distance of the structure from the shop.

Erection expenses are variable, depending upon the
class of work, and must be iigured separately for
each case.
Traveling and bidding expenses vary with
the distance of the agent from the place where
the letting of the contract is done, when he is
notified from the home office; and also with the
character of the town in which the contract is
let.
Two days' hotel expenses is a fair amount
for the estimate. Haulage may be estimated at
25 cents per ton-mile that is, per ton hauled

—

one mile.
68.

Profit.

This varies with the competi-

and with the amount of work on hand in
the shop. If work is plentiful, and men who
wish employment are plentiful, the profit can be
made low. If the shop is running full, and men
tion,

are scarce, the profit can be made large, as it
does not matter much if the contract is lost; and
if it is awarded, then some of the other work

may

be delayed and the contract worked on.
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On the other hand, if work is scarce, and the
men are almost out of work in the shop, but
prospects look brighter, it would be policy to
take the work at a very small profit, or at none
at all, or even at a small loss, in order to keep
from laying off good men who might leave for
other places and thus seriously inconvenience
the output of the plant when work "picks up."
Ordinarily 15 per cent may be added for
profit.
If conditions are favorable during the
contract, more than this may be realized. If
adverse conditions occur, even this profit may
vanish. The same estimator should confine his
estimates to as few classes of work as possible,
and success will be more certain.

ERECTION OF STRUCTURES
69.
The Marking Diagram. Before the
drawing of each piece of the structure leaves the
drafting room, it is given a mark; and this mark
is put on an outline drawing of the structure.
In most cases, the letter which begins the name
of the piece is put upon it, and this letter has a
number which indicates which member it is.
Thus columns are indicated Ci, C2, C3, etc.;
beams Bi, B2, etc.; girders Gri, G2, etc.; and other
members are designated in a similar manner.
In case of trusses, the lower joints are
marked with the letter L with its subscript, and
the upper joints have the letter U as in Fig. 87.
The great advantage of a marking diagram is

that pieces are immediately recognized in the
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In the case of trusses, the notation
used has an added value, since, by the mark on
the member, it can be determined at once just
where that member belongs. Thus Li L2 is the
second panel of the lower chord; U2 U3 is the
third panel of the upper chord; Ui Li is the first
stock

pile.

Fig. 87.

Showing Notation Used

vertical;

and Lo U3

panel, as

is

is

in

Marking of

Trusses.

a diagonal in the third

also U2L3.

Erection of Beams. Beams are of such
weight that almost any light derrick is suf-

70.

light

Once in position, they are held there while the workmei.
connect them up to the other members with a
few bolts, and they stay in this way until the
riveters rivet them up.
ficient to raise

them

to position.

Erection of Girders. Building girders
are, if light, erected in the same manner as
beams, a stiff -legged derrick usually being suf71.

them to place. In case one is
two may be used, one at each end.
The girder may sometimes be more readily
erected by a gallows or an A-frame. In such
cases other parts of the same floor must have

ficient to raise

insufficient,

been erected previously, in order to provide supports for the gallows or A-frame, or these may
have their supports on the floor below.
In railroad work four methods present them-
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selves for consideration.

These are:

(1)

Trestle falsework;

(2)

Gin pole;
Derrick cars or locomotive cranes;
Derrick
Gallows frames.

(3)
(4)
(5)

(1)

work

In the

method, the timber trestle

manner similar to that
(Plate 24), and the track is laid
The girder is then either run out

is built

for trusses

first

up

in a

out upon it.
on a car, and skidded off the car into place; or it
is unloaded by a gallows frame, or by a crane or
derrick, and lowered into place (Plate 24)
The gin pole method is applicable only
(2)
to very small spans, and to locations where the
surface of the ground is not far from the top of
the

rail.

It is not

much used.

In case the structure is double-track,
cars or two locomotive cranes, or
derrick
two
one of each, may be used to lift the girder from
one track into position on the other. Plate 25
shows a good example of this. In some cases
•

(3)

picked up at the center and run
out until the car nears the end of the track. The
Plate 27
girder is then lowered into place.
shows such a case.
In cases where the stream is narrow or
(4)
is dry, an ordinary derrick may be set up on the
ground by the side of the track, and the girder
erected as shown in Plate 26.
Gallows frames are much used in the
(5)
erection of girders. They are convenient and

the girder

is
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economical, especially where they can be erected
on the ground (Plate 24 and Fig. 88).

Fig. 88.

Erecting Deck Plate-Girders with Gallows Frame.

Erection of Simple Truss Bridges.
Simple truss bridges may be erected in four
ways, namely:
72.

(a)

(b)
(c)

(d)

By
By
By
By

gantry traveler and falsework;
derrick ears and falsework;
cantilever method, without falsework;
truss travelers.

Plates 28 and 29 show good examples
of the use of the gantry traveler. Piles are
driven; and on top of these, timber bents are
(a)

built.
joists,

placed.

Upon

the top of the bents are placed

and on these a

floor of

heavy timbers

is

At the outer edges of the floor is a track;
this track moves the gantry traveler,

and along
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which is nothing more than two gallows frames
connected.
Several hoists are connected at the top of the
gantry, and the various members which have
been run out to the gantry on cars on the railroad track are taken and held in place while
they are being connected. Plate 29 shows an
end-post being held in place while the pin is
being driven at the joint Ui.
(b)
In case the gantry is not used, derrick
cars may take its place (Plate 30).
(c)
By the cantilever method, the two sides
of a truss are erected at the same time (Fig.
No falsework is required, the halves of
89).

Pig. 89.

Diagram Showing Erection with Toggle Joints and No
Falsework.

the truss being kept in position by the stays at
the ends. When the center is reached, the stays
are lengthened or shortened by the turnbuckles,
and the span goes together, and is connected up.
(d)
In some instances where a number of
spans of equal length are to be built, it is
economical to use a truss traveler, as shown in
Plate 31. When one span is begun, the traveler
runs out until the end comes over the next pier

Courtesy of R. E. Gaut, Bridge Engineer,

I.

C.

R.

R.

ERECTING A VIADUCT OVER BRUSH CREEK, ALABAMA.
On Birmingham
185

Plate 34

extension of Illinois Central Railroad. Height of viaduct,
View showing use of cantilever traveler.

ft.

Steei- CoxsTHncxiox.

L..-....^..

i-i

U.

K.

Gaut,

BiiiJij-j

:

„

.,

i.

i'.

K.

R.

EEECTION OF EICHLAND CREEK VIADUCT, ILLINOIS CENTBAL
EAILKOAD.
Cantilever traveler lifting a strut.

Plate 35

Steel Construction.
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ahead, and then the vertical posts are put under
it.
The truss is then erected piece by piece, and
is held up by being hung to the traveler.
When
the last number is in position, the span is let
down on the masonry, and the traveler moves up
ready for the next span. No timber falsework
is required in such cases.
In the case of rolling-lift bridges, the erection is usually made when they are open, the
traveler being so constructed as to move up the
top chord (see Plate 32). Sometimes they are
erected

when

closed,

and

this is

done by any of

the methods described above for simple non-

movable bridges.
Erection of Viaducts. This is best done
by the use of either a derrick car or a cantilever
traveler (Plate 33). This method is fully illustrated in Plates 34 and 35. In erecting by these
methods, care should be taken to see that the
anchor-bolts are in the girders; otherwise the
end gii'der is liable to be shoved forward by the
73.

action of the trains

and

from the masonry.

One advantage

travelers,

lever traveler over the derrick car

and

will fall

of the cantiis

that

it

has

a greater number of hoists, and can therefore
hold members in any desired position much better than the derrick car, which depends upon the
balancing of the member.
74.
Erection of Mill Buildings. Here the
columns are first erected by means of a derrick,
as in Plate 26, and are securely bolted to the
masonry. In case the span of truss is small, the
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truss is completed before the erection; and the
same derrick will raise the span into position

and the workmen will bolt it up for the riveters.
Where the span is great, falsework, as in the
case of bridges, may be employed and travelers
are used, the truss being erected a piece at a
time (see Plate 36).
75.
Erection of Ofi&ce Buildings. The erection of office buildings is simpler than that of
any other class, except mill buildings. The columns are erected in two-story lengths and, after
the girders and floor-beams of one floor are put
in place and connected up, the erecting derricks
are moved up another floor. Unless the building is large, one derrick will be sufficient for the
erection. Plates 21, 22, 37, and 38 show very
;

clearly the

methods of

erection.

BUILDING SUPERINTENDENCE
76.
Shipping Clerk and Yard Master. The
business of the Shipping Clerk should be to keep
track of the shipping bills, and to see what ma-

comes in. He should at once notify the
Yard Master and Storekeeper, in order that they
terial

may provide

for

it.

The Yard Master^s position is very imporand upon him, as much as on anyone,
depends whether or not the work will progress

tant;

without a hitch. He should be familiar with the
marking diagram. He should keep all material
of one class say all diagonals, all posts, all top
chords, etc. ^in separate piles easy of access,

—
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and should have them piled up so that their
marks can easily be found and read. He should
be on hand constantly, in order to see that the
erection gang may find a member immediately.

A carefully kept account of all material received,
whom given, will greatly
simplify matters in case of a misimderstanding,
and will also indicate what members have been
erected and what tonnage has been erected in a

and aU given out, and to

given time.
Rivet Foreman. A general Foreman of
77.
Riveters is important to the efficient working of
this class of labor. His duty should be to see
that a plentiful supply of fuel, rivets of the
proper size and length, and tools, is furnished
each rivet gang. He should also keep an eye on
the air-hose and the compressor plant, and be
familiar with them. Above all, he should himself be a practical riveter, and should not hesitate to instruct his men in case they show the
need. If it is known by the rivet gangs that the
Foreman will not stand for burnt rivets when
the Inspector is not present, a great amoimt of
expense will be avoided, since a good Inspector
will detect the rivets, the result being that they
have to be cut out, the hole rebored in many
cases, and a larger rivet driven.
Foreman of Riggers. Many firms let
78.
their erection men do the rigging; but on work
of any magnitude and indeed on any work
it is better to have a foreman and gang who do
nothing but the rigging, and keep the material

—
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in order.

This latter point

is

important, since

a breaking rope will ofttimes cause a member to
be so bent as to require that it be returned to
the shop to be fixed up; and in this manner a
very large part of the prospective profit will
vanish. Good riggers, with their knowledge of
knots and splices, are a valuable adjunct for the
economical erection of structures.
79.
Foremen of the Erection Gangs. On
small jobs, the Superintendent is the Foreman;
and on many other jobs, one foreman is all that
is required.
On large jobs, or where erection is
from the two ends toward the center, it is advisable to have two foremen. In such cases,
they should report directly to the Superintendent; and men working under one should, if possible, be kept under him, since a man used to the
methods of one foreman will likely find fault
with the methods of the other, and this will tend
to lessen the efficiency of the organization.

Foreman should

The

see that the next piece in order

ready before the men are ready for it, so that
can be lowered into place without delay; and
should take care to see that no man wastes time
trying to do something that could be done in a
few minutes with a block and tackle and the
is

it

assistance of the hoisting engine.
Efficiency of Working Force.
80.

ciency of the working force

The

may

The

effi-

be increased in

stimulate interest
in the work by the offering of a bonus, which of
course is given by the firm. Determine the averseveral ways.

first is to
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age tonnage erected, and the average number of
rivets driven; and then employ a boy to keep
track of these, and post them on a blackboard at
the end of the day, so that all may see what the
different gangs have done. Watch the increase
in the amount of work done! If the company
will not offer a bonus, give the best gang for that
week a half-day or a few hours off. The result
will be surprising, as each will try to outdo the
other. This has the additional advantage of cutting out the poor man, since the better men in
the gang do not want him with them, no matter
how "good a fellow'* he may be.
If possible, begin to erect from both ends.
The erection gangs will race to see who reaches
the middle first, if they are told that the one
getting to the middle first may have a holiday
with pay, or a bonus.
If one class of erection is pleasanter than
another, give the highest tonnage gang the
pleasantest work at the end of each week.

Watch them work

to stay there

Other methods will suggest themselves in
each special case, and the Superintendent's
reward wiU come as an increase in salary or a
more important job.
Reports. Reports of progress on the
81.

work are made

to the

home

office at intervals

of

a week or a month. They should contain a statement of the supplies and tonnage on hand, the
tonnage erected, the number of men working,
and the number of days worked. They should be
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accompanied by photographs of the work. These
photographs should be taken from several points
of view, and always so as to show the progress
made during the period from one report to another. They should be neat, and all sketches accompanying them should be neat. A little red ink
underlining the headings will improve the looks
of a report to a surprising degree. In addition to
the above-mentioned information, any additional
facts which you think would interest the home
office should be put in.
Specifications. This is here briefly re82.
ferred to, since it is the duty of the Superintendent of Erection to see that none of the
clauses of the specifications are violated.

should

make himself

familiar with them.

the specifications are short, this

Where they
do so

are long,

all at once.

In

it is

is

He

Where

easily done.

almost impossible to

this case, the Superintend-

ent should be familiar with that part which
refers to the work under way at any particular
time.

would be well to give rules for
success, rules which have been given by two
as successful engineers as the world has seen.
These rules are
Perhaps

(1)

it

**The most perfect system of rules to insure

success must be interpreted

(2)

upon the broad ground

common
"Work, work, work!"

professional intelligence and

sense."

of

Electric Wiring
There is no application of electricity in the
and industries that has received more attention and made greater advancements in the
last quarter of a century, than that made in the
arts

of Electric Lighting. Twenty to thirty
years ago, there were no such things as electric
lights except those shown in laboratory or lecture-room experiments. The candle, oil lamp,
and gas were the only means of artificial illumination, and people were satisfied with the moderate amount of light obtained from these
field

sources.

With

the marked improvement in the eleclamp, and the decrease in cost of electrical
energy, we find countless thousands of electric
lights in use at the present time for all purposes
of illiunination. Indeed, so important a factor
has the electric current become in the domestic,
business, and industrial life of our times, that a
knowledge of its fundamental principles and the
approved methods of its application to various
uses is to-day a necessity to everyone who is
engaged in or interested in building construction
tric

of any sort.

Even

where electricity is not yet
becoming the universal practice

in locations

available, it is
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in the erection of buildings of all sorts, to pro-

vide for the future by wiring them for electricity.
And if for no other object than to be
able to direct the work of wiring intelligently,
or to make the repairs which will occasionally

be necessary, or to install minor conveniences
such as bells, annunciators, burglar alarms, etc.,
which may be placed in any house whether fully
wired or not, a knowledge of the principles of
electric wiring and of the materials and fixtures
used will serve a very useful purpose. In the
following pages will be found all the essentials
required by those who wish to wire their homes
for electric light, or who expect to have the

same done by an

electrical contractor.

'b!*?#I^'^-

Wiring For Illumination
The problem of wiring a house

for electric

broader sense, does not mean the
of electric wires and making the
proper connections but one must have a knowledge of the illiuninating properties of different
lamps and the factors influencing such illumination namely, distribution of light from lamp,
type of reflectors, and location and number of
lamps. In addition, one must be able to calculate size of conductors required to safely carry
given current, with a certain percentage loss.
On account of the above requirements it is
necessary to make a brief study of the electrical
circuit, the quantities involved and their relation to one another, also a few illumination
calculations, before proceeding to the actual
lights, in its

mere placing

;

—

problem of wiring.

THE ELECTRICAL CIRCUIT
The electrical circuit can best be studied by
making a comparison between it and a hydraulic
problem where the various quantities bear prac-

same relation to one another. When
a flow of water through a pipe from a
pump or some source of pressure, the stream of
water flowing depends upon the pressure and
upon the resistance that the pipe offers in the
way of fi'iction it is, in fact, proportional to the
pressure divided by the frictional resistance.
tically the

there

is

—
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The same condition exists in an electrical circuit, where a current of electricity flows in a
wire due to the pressure of a battery or other
source of electrical energy; and the value of the
current is equal to the pressure acting, divided
by the opposition or resistance offered by the
circuit to such flow.
When the electrical pressure acting tends to
send a current through the circuit always in the
same direction, it results in what is termed a
direct current; if, however, it is continuously
reversing in direction first in one direction and
then in the opposite direction the current flowing then will be what is termed an alternating
current.
The following discussion applies only
to direct current, which is the form of current
commonly used in houses for lighting, heating,

—

—

etc.

In the hydraulic problem, the resistance
offered to the flow of water, neglecting that due
to bends, depends

upon the

length, the area,

and

the condition of the inner surface of the pipe.
If the length of the pipe is increased, resistance
is

is

the area is increased, resistance
decreased; if the inner surface of the pipe is

increased;

if

smooth, it will offer less resistance than it would
if rough.
There is a somewhat similar condition
in the electrical circuit. If the area of a conductor carrying current remains constant, resistance will increase directly as the length of
the conductor increases; if area increases, resistance will decrease at the same rate.
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Resistance will also depend upon the kind of
ma.terial that forms the circuit, which corresponds to a certain extent to condition of surface of pipe. The resistance, in the case of pipe,
is only on the outer surface of the stream in
contact with the pipe; while, in the case of the
electrical circuit, it is uniform throughout the
conductor. The resistance of a circular conductor .001 of an inch in diameter (one mil) and one
foot long, is termed the mil-foot resistance of the
material. If this value is known, which is 9.52
ohms for copper at a temperature of 0° Centigrade (the freezing point of water), the value
of the resistance of a copper conductor of anygiven dimensions can be calculated by the use of
the following equation:

E = 9.52x

Length

in feet

Area in circular mils

Area in
squared.

circular mils equals diameter in mils

This means that the resistance

is

found by multiplying the length of the conductor by 9.52, and dividing the product by the area
of the conductor in circular mils.
Table I gives the diameters, weights,
sistance of copper wires

Brown & Sharpe

and redrawn according to the

gauge.

The conductivity of a conductor, or its power
of receiving and transmitting current, bears an
inverse ratio to its resistance. Copper, on accoimt of its commercial application as an elec-
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I

Properties of Copper

English System

Nos.

—Brown

Wire

& Sharpe

(B.

& S.) Gange
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-Voltage

Guprent =
Resistance

—

Volts

Amperes =

Ohms

The power used in causing a current to flow
in a circuit is measured in a unit called the watt;
and the number of watts expended in a circuit
is equal to electrical pressiu'e at the terminals,
multiplied by the current flowing; that is:
Power
Volts
Amperes.
thousand watts

=

X

A

There are 746 watts to the
horse-power. A watt acting for one hour is
called a watt-hour, and is a unit of electrical energy. A kilowatt-hour is a thousand watts for
one hour, or any number of watts which, multiplied by the time they act in hours, gives 1,000.
The kilowatt-hour is the unit used in selling
electrical energy. The wattmeter is so conis

called a kilowatt.

structed that its reading is proportional to the
voltage mtdtipHed by the current multiplied by
the time in hours multiplied by some quantity

(known

as constant of wattmeter), which is

often imity.
Series

When

an

and Parallel Circuits

electrical circuit is

number of different parts, such

composed of a

as a bell, battery,

push-button, and conductors connected as shown
in Fig. 1, so that current flows in a single path,
called a series circuit. The total resistance
of the circuit is equal to the sum of the resist-

it is
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ances of the various parts. Suppose the bell has
a resistance of 10 ohms, and. the conductors a
resistance of 2 ohms, then the total resistance of
the circuit would be 104-2=12 ohms. The current in all parts of the circuit is the same.
If the current in flowing from one point in a
circuit to another has more than one path, we
have what is called a parallel circuit. The points
and B in Fig. 2 are connected by two paths,

A

Conc/ucfon
Scff^ery
^

Fig.

1.

Diagrammatic Bepr^eutation of a Series

Circuit.

Current flowing in a single path.

one through lamp I, and another through lamp
n. It is apparent that the resistance between

we increase

nmnber

two points

is

of paths.

If the resistances of all the paths are

lessened as

the

combined resistance is equal to the
resistance of any path, divided by the number
equal, the

of paths.

If the resistances are unequal, the

total resistance

ing equation:

must be calculated from

follow-
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-=-+-+ -+etc
ri

in which

Ivi ixs

R equals

Hs

the combined resistance; and

Ri, Ro, R3, etc., equal the resistances of various
branches. This equation means that if you add

together the

quotients

t

4/^^nr/^r

Fig.

2.

I

obtained by dividing

H^
-^^^/^T

V^ay^jc^^

Diagrammatic Eepresentatiou of a Parallel
Current flowing in more than one path.

Circuit.

unity by the various resistances, and then divide the sum into unity, it will give you the combined resistance.
The current in the main circuit is equal to
the sum of the currents in the various branches.
The currents in the branches are equal if the
resistances are equal; otherwise, currents vary
inversely as resistances; that is, as resistance
diminishes, current increases,

and

vice versa.

Let us assume a condition such as shown in
3, where there are a number of lamps arranged to be connected to a switch S through

Fig.

conductors Ci and C2. If the voltage at the
switch is maintained constant at say 110 volts,
the following conditions will exist as lamps are
turned on Before any lamps are turned on, the
:
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voltage at the end of the line is the same as the
voltage at the switch; but as soon as the circuit
is closed through the first lamp, a current flows
in the line, and a portion of the 110 volts is consumed in causing the current to flow in conductors Ci and C2, thus reducing the voltage at end
of the line. With increase in the number of

lamps, the voltage required to cause increased
current to flow in the line is increased, resulting

1

Fig. 3.

Illustrating

Drop in Pressure as Resistances

\*'6wiicA

are Increased.

in a decrease in the available pressure at the end
of the line. The pressure required to cause cur-

rent to flow in the line is equal to the resistance
of line multiplied by the current; hence it is desirable to have the resistance of the line as low
as possible, in order to reduce this pressure to a

represents a loss. This is an
important consideration in the wiring problem,
as we want the loss in the lines conducting the
energy to the points of consumption to be as

minimum,

since

it

small as possible.
Size of

Wire Required

If the currents in the various branches of a
circuit are known, the current in the main line

iitiiHimii
jHiiiiii;;|L

Nfc.-

Courtesy of American Bridge Co.

METROPOLITAN TKUST & SAVINGS BANK, SAN FRANCISCO,
CAL., UNDER CONSTRUCTION
Weight of
Plate 37

Steel Construction.

steel,

1,600,000 lbs.
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may be

obtained by adding them. Then, assuming a certain loss in the line, say 2 per cent, and
knowing the total length of conductor forming
the circuit, we can calculate the size of wire
required.

Suppose

it is

desired to conduct 10 amperes

lOOffeet with a loss of 2 per cent, the voltage of

the Line being 110.

The

total length of the cir-

cuit is 200 feet; the di'op in voltage in the line
is

2 per cent of 110=2.2 volts. Resistance=242-f-

10=.22 ohm.

ohm

the resistance of
200 feet, then 1,000 feet, being five times as long,
If .22

is

would have a resistance of .22x5=1.1 ohms.
Referring to Table I, we find that a Number 10
wire has a resistance of .9785 ohm per 1,000 feet,
which is next below this value. Tables II and
in give sizes of wires to transmit a current of
from 1 to 100 amperes in value over a conductor
from 40 to 400 feet in length, with a 2 per cent
loss.

wire obtained from Tables IE and
in may conduct current with a 2 per cent loss
but its current capacity may not be sufficient.
No wire smaller than a Nmnber 14 shall be used,

The

size of

except for fixtures.
Table IV gives the current capacity for
different sizes for both open and concealed work.
If the size of wire calculated from Tables 11
and ni is smaller than that allowed in Table IV
for a given current, the size in Table IV should

then be used.
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TABLE IV
Current Capacities of Wires for Open and Concealed

No., B.

&

S.

Gauge

Work
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termed Center of Distribution of sysThe calculation for various branch ciris

cuits is the

same as that for Fig.

r
T.

3.

aJTB
_^
o-

Fig.

4.

Simplest

Form

of Parallel System of Distribution.

The multiple-series
system is shown in Fig. 5. The lamps are connected in groups of two or more in series, depending upon voltage between lines and voltage
required to operate lamps, and these groups are
connected in parallel. The total voltage beMultiple -Series System.

tween

lamps in
series.
For example, if the voltage of the Une
is 220, and there are two lamps of equal resistlines is distributed over the

ance in series connected to

it,

each lamp will

have a difference of potential between its terminals, of 110. This is the system employed in
lighting street-cars where the voltage is approximately 550, five lamps being connected in
series and constituting a single group. In this

ELECTEIC WIRING

310

system

impossible to have a single lamp
as the cmrent through any one

it is

operate by

itself,

lamp must pass through
of the same group.

all

the rest of the lamps

J
^
Vc^fa^cSSd
t/7
Fig.

^eri^^

Multiple-Series System of Distribution.

5.

Three-Wire System.
of distribution

is

shown

The three-wire system
in Fig.

6,

which con-

U->^

rig.

sists of

6.

Three-Wire System of Distribution.

two equal voltages connected in series.
of the two machines, a third
run, which is negative with respect to A,

At the junction
wire

is
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and positive with respect to C. If lamps are
connected to A and B, the voltage across them
will be that of machine I, and current will flow
on line A and return on line B. If, now, lamps
are changed from

A and B

to

B

and C, the

volt-

age across them will be that of machine 11, and
current will flow out on B and return on C. It
is seen that the current in C is away from the
machines in one case, and toward them in the
other. Hence, if the same number of lamps are
turned on in both cases, the current in B will be
zero, since the two currents neutralize each
other. The output of this system is equivalent
to two independent circuits, there being quite a
saving in copper.

ILLUMINATION CALCULATIONS
Incandescent lamps are usually designated
as being of so many candle-power, meaning they
give a certain number of times the light given
by a standard candle of definite dimensions and
burning at a certain rate. The efficiency of a
lamp is based upon the relation of the candlepower output to the watts input. The ordinary
16-candle-power carbon filament lamp requires
an input of approximately 56 watts, or it has an
efficiency of 3.5 watts per candle. The tungsten
lamp has an efficiency of approximately 1.25
watts per candle; and the tantalum lamp, approximately 2.0 watts per candle. The candlepower of a lamp is not the same in all directions,
but depends upon the construction of the lamp.
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After

it is installed,

directions will

candle-power in different

depend upon the position of the

lamp, and upon the kind of reflector or shade

Fig. 7.

Illumination Diagram.

In Fig. 7, the length of line from O to
curve
in any direction, is proportional to the
candle-power of lamp in that direction. Curve
B gives the distribution of light when an ordinary tin shade is used, the inner surface being
enameled.
used.

A
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Assuming that we know the general form of
such curves for various lamps and reflectors,
we can now calculate the candle-power required
to give a certain illumination. The illumination
on any surface is measured in a unit called the
foot-candle, it being the light thrown on a surface one foot from a standard candle. Its value
will vary directly as the candle-power of the
source of light, and inversely as the square of
This means that a
the distance from same.
16-candle-power lamp wiU give twice as much
illumination as an 8-candle-power lamp, 4 times
as much as a 4-candle-power lamp, etc.; also,
that if a lamp gives a certain illumination at 1
foot distance, it will give only one-fourth as

much

at twice the distance, one-ninth as

much at
much at

3 times the distance, one-sixteenth as
4 times the distance, etc.
In Fig. 7, the candle-power along the 45degree line from curve B is 19. The illumination 3 feet from the lamp would be 19-5-3=^=2 V»
foot-candles.

The approximate values of the illumination
for various parts of a residence are as follows:
General illumination
(

Clear print

Reading J Newspaper print
( Reading tables
Ball rooms

—
—

1.0

2.0 foot-candles.

1.0—1.5

"

2.0

2.5

**

3.0—4.0

"
"

2.0—3

Kjiowing the required illumination,
candle-power required can be calculated.

"
"
"
the
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CHOICE OF LAMPS
The choice

of lamps to use will

depend upon

lamp, cost of electrical energy,
fluctuations in voltage applied, and treatment
initial cost of

of

lamp

after installed.

If the price of electrical energy is low,

it

may

be best to use a low efficiency lamp, especially if fluctuations in voltage are very marked.
The tantalum and tungsten lamps are much
more fragile than carbon filament lamps, and
the cost of renewals would more than offset the
gain in efficiency where the breakage is large.
The location of the lamps will in a measure
depend upon whether they are to give a general illumination, or whether the light is to be
directed to certain areas such as reading tables,
etc.

FIXTURES, OUTLETS, SWITCHES, ETC.
In residence wiring, we are as a rule confined to chandeliers, wall brackets, and ceiling
lights.
The wall brackets are usually employed
to increase the general illumination at certain

Often outlets are provided in basemay be connected.
In locating lamps and outlets, it is well to bear
in mind that each outlet means an additional
points.

boards, where portable lamps

cost in the wiring.

After the outlets have been located, we next
pass to the location of switches, distributing
board, cut-out boxes, service switch, and meters.
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The switches

controlling the various groups of
lamps should be located at the most convenient
point in the room, which is usually, not always,

near the entrance, so that one may turn the
lights on or off just as he enters or leaves the
room. The distributing board is, as its name
implies, a distributing point where various
branch circuits are connected to the main line.
It should be located so as to make the various
branch circuits as near the same length as
possible.
£>c*ppiy ^^at/s

TL
lcr/npi>

h:
Fig.

8.

-.-y

Arrangement of Two Switches to Control Same

Circuit.

Quite often, two switches are arranged to
control the same circuit (see Fig. 8), being interconnected in such a way that lamps can be
turned on or off at either switch independently
of the other. This is quite a great convenience
in long hallways, and also in being able to control lamps in stairways from a switch on either
floor.

Fig. 9 shows a two- wire distributing panel;

ELECTEIC WIRING

316

=M11

[K

=m®}

^m=M®\

tig
!rp

-

an
g
®i

I®:

[1

[H

FB S®1 S®
gg
[E

a

i

Fig. 9.

Two-Wire Distributing Panel.
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Three-Wire Distributing Panel
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and Fig. 10 a three-wire.

Each

of the branch

with a fuse protection, and
should not deliver more than 660 watts to any
group of lamps. These distributing panels
should be enclosed in fireproof boxes provided
circuits is provided

t

Hi

Suahin^

v-

,

To Hrrian/.^

Tidier

^/weiaai/t^ So*

^

^irvm^'fAtr

Fig. 11.

with

doors

Sho-wing Location of Meter in Circuit.

and

fastenings.

mounted on the surface

They

may

be

of the wall, or placed in

the wall so that door is flush.
The cut-out and service switch should be located in the circuit as near where the wires
enter the building as possible.
The meter is installed in circuit just after
the service switch (see Fig. 11). Where the installation is not large, the distributing panel

may

be dispensed with, and circuits run directly
from the box shown in Fig. 11.
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INSTALLING THE WIRES
There

ai-e

a

number

of different

methods

may

be employed in installing the wires,
the selection of the method used depending upon
the requirements of the Inspection Department,
the initial cost, and the general appearance.
The simplest and least expensive method of
wiring is to place them upon the surfaces of
that

rig. 12.

Fig. 13.

Cleats or E:no1}8

Used

for Installing Conductors in

Open Work.

walls and ceilings, they being held in place

by

means of porcelain cleats or knobs, as shown in
Figs. 12 and 13. This method is not always permitted by Inspection Departments; moreover,
it is unsightly, and wires are exposed to meno small consideraall visible and exposed, this is termed either open work or knob
and cleat work.
A second method, which overcomes to a cerchanical injury, which

tion.

is

Since the wires are

tain extent the objectionable features of the

ELECTEIC WIRING

320

method just described, is to place the wires in a
wooden or metal casing or moulding, which is
fastened to the walls and ceiling, in plain sight.
The wires in this case are more or less accessible
for inspection at any time, and have good proThere are a
tection from mechanical injm*y.
number of different types of casings in use.
One of the least expensive, and still a very serviceable one, is constructed of wood as shown in
Fig. 14. This moulding is made in two parts
a backing and capping so arranged as to thor-

—

zr
Fig. 14.

Wooden

Casing

Moulding for Conductors.

or

Types of Metal Casing or Moulding.

Fig. 15.

oughly encase the wire and afford suitable protection from abrasion. The backing is first
screwed to the wall or ceiling; and after the
wires are put in place, the capping is nailed on.
There are a number of different forms of
metal mouldings on the market at the present
time which are more compact than wooden ones
and are growing in favor (see Fig. 15).

A means of protecting the wires that is much
better than using moulding,

is,

first,

to place

in a conduit, which is nothing more than a
strong, smooth, water-tight tube having its inner

them

11

'

!i

II

i«

II

li

I!

§!

(

NORTHWEST BUILDING, NEWARK,
Nine
Plate

.38

N.

J.,

f

American Bridge Co.

UNDER CONSTRUCTION.

dimensions, 90 ft. by 106
2,000,000 lbs.
Steel Coxstkcctiox.

stories high:

I'lntesy

ft.

Weight of

steel used,
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surface coated with an insulating compound; or,
is known as flexible armored
shown in Fig. 16. These pipes are inby fastening them in place by means of

second, to use what
cable, as

stalled

straps, illustrated in Fig. 17.

^
Fig.

16.

Flexible
Cable.

Armored

Fig.

17.

Strap
for
Holding
Cable in Place.

All elbows and bends in conduit must be
so that the conduit or insulating lining of

made

Fig. 18.

"Cleat-and-Knob" or "Knob-and-Tube" Method of Installing Wires.

In many of the large

cities this

method

is

no longer permitted.

the same will not be injured. The radius of the
inner edge of any bend should not be less than

3%

inches, nor should there be

more than the
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equivalent of four 90-d.egree bends in a run of
conduit from outlet to outlet, neglecting the
bend at the entrance to the outlet box. The

wires are pulled into the conduit after it is installed, by means of steel tape or fish wire.
Still another method of installing wires is
employed, in which they are placed entirely out
of sight. In this case, the work is known as
concealed work. One of the first methods of
installing concealed work was to fasten the wires
to the ceiling and walls before they were plas-

Circuit or Loom Forming a Protective Insulating Covering for Wires where they Cross or Enter Outlet-Boxes.

Fig. 19.

tered, the wires being entirely covered

when

the

This method is a very
dangerous one, and is no longer permitted by
the Fire Underwriters.
The cleat and knob
method may be employed where the floors and
walls will permit, the wires being placed so that
they will not touch anything except their insulating supports, and being passed through insubuilding was complete.

and joists, as shown
The wires are also encased in a ciror loom such as is shown in Fig. 19, where

lating tubes in floors, walls,
in Fig. 18.
cuit

they cross or enter outlet-boxes. This is a much
safer method than the previous one; but the
wires are still exposed to mechanical injury by
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workmen, such as plumbers and carpenters who
making repairs.
The most satisfactory method of all for in-

are

stalling the wires, is to place the conduit while
is being constructed, in which case
placed out of sight and affords the best of
protection for the conductors. The conduit is
connected to the boxes by means of a lock nut
and bushing, which serve as a mechanical connection.
The bushing prevents the insulation
on the wires fi'om being injured when it is pulled

the building

it is

into place.

The importance of using the utmost care in
arranging and putting in place electric light
wires in a building cannot be too strongly emphasized. The National Board of Fire Underwriters have compiled a set of rules and specifications which govern the installation of electrical apparatus in buildings insured in companies belonging to the association. In addition to
this, the Electrical Inspection Departments in
some of the larger cities have a set of rules and
specifications governing all wiring within the
The order of procedure in
limits of the city.
such a city is to make application to the Electrical Department for a permit to do the wiriag.
Upon receipt of the permit, the wiring may be
installed, and, when completed, it must be inspected by one of the City Inspectors, who determines whether it fulfils aU requirements as
laid down in the book of Rules and Specifications. When work has been passed upon by the
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company

given notice
that they may connect to the building and give
the desired service. If the city or town does not
require such an inspection, it is nevertheless
always well to follow the code of the Fire Underwriters, as likelihood of fire is thereby
reduced and insurance rates lowered.
Inspector, the electrical

is

INSTALLING ELECTRIC BELLS
The modern building

not considered complete unless it is equipped throughout with
electric bells to be used for signaling from one
position to another. Electric bell wiring, on
account of being operated at a low voltage from
batteries which reduces the likelihood of fires
caused by short circuits and bad contacts is
not governed by the Inspection Departments of
cities, nor by the Fire Underwriters.
This fact
oftentimes results in installations being poorly
made in order to save in first cost, though this
practice, as a rule, is more expensive in the
end, on account of poor service and cost of repairs. Hence considerable care should be exercised in the selection of materials and the
method of installing wires and apparatus.
The various parts composing the bell circuit,
no matter what the exact application may be,
are: the bell, the push-button or device for
closing or opening the circuit; the battery,
which supplies electrical energy; and the conductor or wire, which connects the different
parts and forms the circuit.

—

is

—
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The operation of the electric bell depends
upon the following principle. If a current of
electricity is

passed through a

coil of

wire sur-

rounding an iron core, the core becomes
magnetized and will attract other magnetic substances. Fig. 20 is a diagrammatic representation of the ordinary vibrating bell or buzzer.
The circuit through the bell is as follows: from

Fig. 20.

Vibrating Bell or "Buzzer."

binding post B\ through windings of coils Mi
and Ma, to spring S\ through armature A, to
spring s, through contact-point C, to adjusting
screw S to other binding post B.
When battery current is sent through coils
Ml and M2, by closing the circuit of which they
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form a

part, their cores are magnetized,

and

they attract the iron armatui'e A, which carries

The armature, which is itself
supported by the spring S^ will then move over
the spring

s.

toward the iron cores until the contact at C is
broken by the spring s leaving the point of the
adjusting screw S. As soon as the contact is
broken, cm^ent ceases to flow through the circuit, and the cores in the coils Mi and M2 are
demagnetized, whereupon the armature, carried
by the spring S\ will fly back again and reestablish the circuit at C, again remagnetizing

The process is then
repeated, again and again.
As a result, the
armature is kept flying back and forth, being
the cores of

Mi and M2.

vibrated as long as there is battery connected
to B^ and B and the circuit is closed outside of
the bell through the battery.

The armature

A

a tapper which
strikes against the gong G. The contact-point
C should be formed of platinum, as there is a
small arc formed when circuit is broken, which
eats away other metals very rapidly. All parts
of the bell should be well insulated; and the
bell should be mounted on a metal back instead
of on wood, as the latter is likely to warp and
throw the bell out of adjustment. The mechanism of the bell should also be provided with a
covering, as this prevents trouble due to dust
collecting at the point of contact C.
Bells and buzzers operating on this principle
are manufactured in a number of different
carries
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forms, their difference being more mechanical

than

electrical.

The device employed in closing the circuit is
what is termed a push-button. This is so constructed that the contacts in the button are held
normally open by means of a spring S (see

W

is a circular piece of fiber which
Fig. 21).
supports S and S\ the two terminals of the circuit, and which is held in place by means of

Fig.

22.

Staple

Wire in

for Holding

Place.

Section Showing Deof Construction and Connections of a Push-Button.

Fig. 21.
tail

metal ring R, fastened to the wall or other
surface by screws. C is a metal cap that is
screwed onto the ring R and holds the push P
This is a very good form of pushin place.
button; but they are manufactured in various

other forms and with different finishes.
The battery used in bell work should be of
the open-circuit type, the circuit being normally
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open.

Two

cells

are usually sufficient to operate

Good dry

the ordinary bell or buzzer.

cells are

very satisfactory for this class of work, on
account of their cleanliness, as they cannot spill.
The wire used should be well insulated, and
held in place by staples or cleats, making sure
that there are no short circuits due to staples

A

good form of staple
to use is shown in Fig. 22. It is found to be
quite a great advantage to have the insulation
cutting the insulation.

of the wires in different colors, so that they

may

be easily indentified without testing, thus
saving time when installing. The sizes of wire
commonly used are Nos. 18, 20, and 22, B. & S.
(Brown & Sharpe) gauge. Wires smaller than
these are too weak from a mechanical standpoint.

Figs. 23 to 30

show how

bells

may

be wired

1
ii|i

Fig. 23.

Simplest

Form of

Bell Circuit.

to accomplish different results.

Fig. 23 show^s

There can
the simplest circuit we can have.
be a saving in wire by using what is termed a
ground, the current being returned by connecting to ground at G and Gr\ thus dispensing with
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ground connection

may

be

made by connecting to gas or water pipe. The
number of pushes controlling this bell can be
increased as shown in Fig. 24.

jfi

Fig. 24.

Method of Increasing Number of Push-Buttons

Control-

ling a Bell.

The number of bells controlled by a pushbutton can be increased as shown in Figs. 25
and 26. The bells are connected in multiple in

o

^
Fig. 25.

*
Method

of Increasing Number of Bells Controlled
Single Push-Button.

by a

Bells connected in multiple, each taking current independently of
the others.

and each takes current independently
In Fig. 26, they are connected
of the others.
Fig. 25,

in series; only one bell in this case

vibrating type,

it

serving to

is

of the

make and break

circuit through the others.
Annunciators. Quite often

it is

the

desirable to
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from a number of different
places, such as dijfferent rooms of a house, and
a means must be provided for indicating the

have a

bell ring

—

-o

(£>

o-

I

I*
rig. 26.

Several Bells Controlled by a Single Push-Button.
and breaking

Bells c6nnected in series, one vibrating bell making
circuit through other bells,

push from which the bell was rung. A device
called an annunciator fulfils this requirement.
Fig. 27 shows the circuit of a simple annunciator, there being only four drops shown.

r-^

Fig. 27.

When any

0:xD

I

mi

t-

\—

//?a4'(cafyrst

or

Circuit of a Simple Annunciator.

push

there is sent
through a coil in the annunciator a current corresponding to that push which causes the indicator to drop, thus giving an indication of where
the call was made from.
is

operated,
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The indicators are restored to their original
by means of a lever at the bottom of
the box, or may be restored electrically by press-

position

ing a push-button for this piu-pose.
Fig. 28 shows an annunciator suitable for
residence work.

Pig. 28.

Annunciator for a Ees-

Fig. 29, Contact for Open-Circuit Burglar Alarm.

idence.

Burglar Alarms.
The electric bell may be
used as a burglar alarm, by having the circuit
so arranged that a bell will ring when anything
is disturbed
as, for example, by opening a
door, by raising a window, by breaking a glass,

—

etc.

The simplest

circuit is practically the

same

as those just described, except that contacts are
placed on doors, windows, etc., instead of using
the push (see Fig. 29), and are so arranged
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that they will complete the circuit when the
doors are opened or the windows raised. This

what

termed an open- circuit alarm, as the
normally open.
Another type, known as the closed- circuit,
in which the circuit is normally closed, is used
in the following manner: A closed-circuit batis

is

circuit is

tery is connected in series with a relay, and, say,
a strip of gold foil across a plate-glass window.
This relay is normally energized; but if the
glass is broken and the circuit thereby opened.

^a^ne^i are c/i'se^aoee/

J3
<

uze
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n
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Fig. 30.

)L

*7

/^*^tic).

\

Diagrammatic Representation of Closed-Circuit Burglar
Alarm, Showing Connections.

the relay becomes de-energized, and its armature drops back, completing a local circuit containing a vibrating bell (see Fig. 30).
Electric Fire Alarm.

Another and impor-

tant application of the electric bell is that of
the electric fire alarm. The operation of the
device controlling the circuit may depend upon
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the expansion of a certain metal, due to temperature rise, completing the circuit. Or a por-

may

be composed of a metal
that will melt at a rather low temperature and
open the cii'cuit in case of fire. This first would
be the open-circuit t}^e; while the second would
tion of the circuit

be the closed- circuit type.
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4
13
25
29

H
Header

29

Headers, Blind

34

Hooke's

Law

Dams

53
50
Deflection of a Beam
44
Design of Arches
66
Dictionary of Masonry Terms 27
Dimension Stone
27
Disintegration, Delaying. ...
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Down-Draft Kilns
75, 77
Dowels
27
Draft
27
Dry-Pressed Brick
80
Dry Rubble
21
Drying Brick
73

49
44
85
27
65
65
28

45
I

Dead Load

Igneous Rock
Intrados
Iron Oxide

1

29
71

J
Joint

Expansion
Flushed

Open
Joints, Shove

29
27
35
35
85
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Kilns
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Down-Draft
Tunnel
Semi-continuout
Scove

Up-Diaft

75
75, 78
75, 77
76
76
77
75, 76

Mortised Stone

Moulding and Drying Brick.
Movable Load

25
73
50

N
Natural Bed
Neutral Axis

30
42

Open Joint

35
59
71

Z.

Lagging
Laying Brick

29
84
29
71
5
31
50

Lewis

Lime
Limestone
Line, Springing
Live Lioad

Load
Dead
Live

Movable
Loads on Arches, External.
Loads on Masonry Walls. ...

.

Loading, Eccentric

Lock

51
50
50

65
50
49
29

M
Magnesia
Manufacture of Brick
Marble

First Class

Measurement
Pitch-Faced
Quarry-Faced

Bubble
Second Class
Square Stone
Stone
Masonry Terms,
Masonry "Walls
Loads on

21
21, 70
21
21
of
35
21
21
21
21
21
21
Dictionary of 27

Strength of
Measurement of Brickwork.
Measurement of Masonry.
Mechanics of Beams

.

Metamorphic Rock
Mortar

Parapet

30

Patent-Hammering
Paving
Paving Brick
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30

Physical

75, 81

Tests of Building

Stone

13

Pier

Foundations on
Pitch
Pitch-Faced Masonry
Pitch Stone
Planed Stone
Pointing

30
39
30
21
30
25
30

Quarry-Paced Masonry

21

Piles,

71
72
5

Masonry
Ashlar
Brick
Concrete

Overturning
Oxide of Iron

.

50
49
90
35
41
1

29

Range, Broken

26
26
52
74, 80
30, 52
59
62
30
30

Range Work
Repose, Angle of

21,

Re-pressed Brick
Retaining Walls
Thickness
Right Arch
Ring Stones

Riprap

Rock
Aqueous
Igneous

Metamorphic
Sedimeptary
Rocks, in Natural State
Rotation, Stability against

Rough-Pointed

.

.

55
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Rubble
Coursed
Uncour»ed
Rubble Masonry
Bubbled

S
Salmon Brick

81

4

Sandstone

Sand-Lime Brick.

78
77
21

,

Scove Kilns
Second-Class Masonry
Sedimentary Eock
Segmental Arch
Semi-Continuous Kilns

1

Set

Sewer Brick
Shear
Shove Joftit
Silica

Sizes of Brick

Skew Arch
Skewbacks
Slate
Sliding, Stability against.

.

Slope Wall

Soap and Alum Wash
Soap-Wash
Soffit

Soft Brick
Soft-Mud Brick
Soil,

Bearing Power of

Spall

Spandrel Wall
Specific Gravity
Specifications for Brick

Springer
Springing Line
Square Stone Masonry
Squared Stones
Stability against Crushing.
Stability against Rotation.
Stability against Sliding. ...
Stiff-Mud Brick
Stone
Chemical Tests
.

62
76
30
81
13
85
71
81
62
30
5
54
31
19
20
31
81
80
39
31
31
13
82
31
31
21
22
56
55

Turned
Btonecutting
Stone Masonry
Stones
Building

1,

Stones in Wall, Arrangement
of
Stone Structures
Strength of Brick Masonry.
Strength of Footings
Strength of Masonry Walls.
Strength of Stone
.

.

Stretcher
String-Course
Structures, Stone
Sylvester's Method of Waterproofing

27

Dressing
Fluted
Grooved
Mortised
Pitch
Planed

21
25
25
25
30
25
22

25
38
87
49
49
5
31
31
38

19

T
Test, Brard's

Tension
Tests of Brick
Tests of Stone
Tests on Arches,
Experimental
Thickness of Retaining Walla
Tunnel Kilns
Turned atone

16
13
83
8

65
59
76
25

U
Uncoursed Rubble
Up-Draft Kilns

21, 26
75, 76

V
75
31

Vitrification

11

9
5
8
25
21
21
2
23
30
22

Cut
Ring
Squared

54
80

Dimension

Rough Broken
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Simple Tests
Strength of
Tests of
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W
WaU
Slope
Spandrel

Wing

31
31
31

Walls, Brick

Weight of
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Masonry
Loads on

Walls,

Strength of
Walls, Retaining

50
49
52
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Waterproofing
Weight of Brick

Wing Wall

19
81
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A-Frame

285
Allowable Stresses
143
Allowable Working Stress.
147
Angles
125, 252
Clip
253
Connection
262
Equal Legs
125
200
Flange
125
Square Eoot
200
Stiffener
Unequal Legs
125
146
Area, Reduction of
278
Assembly Department
163
Axis, Neutral
210
Axis, Center of Gravity
.

Puddle
Baltimore Trusses
Bars
Balls,

Lacing

Muck
Base Price
Batten-Plates

Beam, Drop of the
Beams
Bending Moment in
Cantilever
Classes of

Continuous

Depth
Design of
Erection of

Hybrid
Loading of
Overhanging
Reactions of
Bestrained

107
265
232
'107

280
233
145

174
155
154
155, 156
160
177
285
155
157
155, 156
163
155, 136
341

m

Shear
Simple
Spandrel

169
155
274
160
159
161
264
263
160

Stiffness

Strength of
Stresses in

Trussed

Use of

Width
Beams and

Structural Gird-

ers

Bending Moment

154
in

Beams. 174

Bents
Bents and Towers
Bessemer Converter
Bessemer Steel

268
275
110
110
Billets
117
Boring Machines
279
Bowstring Truss
266
Box Girders
128, 200
Bridge Trusses
264
Bridges
264
Cantilever
265
Classes of
265
Continuous
265
Deck
267
Design of
267
Overhanging
265
Rolling Lift
265
Simple
265
Suspension
265
Swing
265
Through
266
Trunnion-Lift
265
Brown Hematite
97
Building Superintendence.
290
Buildings
Mill
268
Office
273
Built Up Members
125
.
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265
155
265
289
183
159
286

267
200
109
Crucible Steel
160
Depth of Beams
Derrick
285
286
Derrick Cars
177
Design of Beams
180
First Method
184
Second Method
Third Method
185
267
Design of Bridges
200
Design of Girders
271
Design of Roof Trusses.
Design of Tension Members. 255
Designing and Drafting.
276
284
Diagram, The Marking
226
Double Gauge
Drafting
276
Drafting and Shop Costs. . 282
Drawbridge
266
277
Drawings, Shop
145
Drop of the Beam

Camel Back Truss
Cantilever Beams
Cantilever Bridges
Cantilever Traveler
Capacity, Net
Capacities, Carrying
Car, Derrick

Carbonate
Carrying Capacities
Cast Iron
Manufacture of
Output of
Casting
Center of Gravity
Center of Gravity Axis
Channel Column
Chemical Tests of Iron and

97
159
100
100
106
104
210
210
244

Steel
Classes of Bridges
Classes of Steel Shapes
Classes of Structures
Clerk, Shipping
Clevis
Clip Angle

138
265
122
263
290
251
253
120

Cold Saws

Column
Channel

Z Bar
Columns
Strength of
Compression Members

244
243
234
234

231
Design of
242
Loading of
246
Eivets in
246
Concentrated Loads
157
Connection Angles
262
Connections
261
Entering
263
Standard
261
Continuous Beams
155, 156
Continuous Bridges
265
Converter, Bessemer
110
Corrugated Iron
269
Cost of Drafting
282
Cost of Mill Work
280
Cost of Painting
283
Cost of Eaw Material.
280
Cost of Shop Work
282
Cost of Steel Structures
280
Cover Plates
200
Crane
268
Cranes, Locomotive
286
Cropped
117

Deck Bridges
Deck Girders

.

.

.

.

.

.

.

£
Efl5ciency of
Elastic Limit
Elasticity

Working Force 292

Elongation

Engine and Equivalent Loads
Entering Connections
Equivalent Uniform Loads.
Erection Gangs, Foreman of
.

Erection of Beams
Erection of Girders
Erection of Mill Buildings..
Erection of Office Buildings.
Erection of Structures
Erection of Viaducts
Extensometers

Eye-Bars

143
142
141
230
263
231
292
285
285
289
290
284
289
143
248

P
Factor of Safety
Fixed Loads
Flange Angles
Flange Plates
Flanges
Rivet-Spacing in Girder.
Flat Plate
Flats
Floor Girders
Floor System

.

147
158
200
200
200
225
252
122
191
264
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102
283
Freight
Foreman, Kivet
291
Foreman of Erection Gangs. 292
291
Foreman of Eiggers
Foundations, Steel Grillage. 275

PACB
Inspection
Iron
Cast

Wrought
Iron Ore

Gauge
Double
Gauge Line
Gin-Pole
Girder Flanges, Eivet-Spacing

285
287
226
226
226
286

225

in

154, 200
128, 200

Deck

200

tion

Design of
Erection of
Floor
Rivets in
Rules
Shears and Moments in.

.

Simple

Through
Use of
Girts

Grading
Gravity. Center of
Gravity Axis, Center of
Grillage Foundations, Steel
Gyration, Radius of

.

200
200
285
191
221
200
199
200
200
263
268
105
210
210
275
235

L
Lacing Bars
Laying Out Shop
Length of Span
Limit, Elastic

Limonite

Loading of Beams
Loading
of
Compression

232
277
199
143
97
157
246

Loads
Concentrated

Engine and Equivalent
Equivalent Uniform
Fixed

Uniform
Wheel
Locomotive Cranes

.

.

157
230
231
158
137
158
286

M
Machines, Boring
279
Magnetite
97
Making the Members
277
Manufacture of Steel Shapes 119
Marking Diagram
284
Masonry Plates
200
Built

129
Half-Round
Handbooks, Steel-Maker*'... 120
283
Haulage
Hematite

Red
Hot Blast Stoves

97
97
103

Howe

265

Trusses

265

Members

H

Hybrid Beams

King-po«t Trusses

Members

Description and Classifica-

Brown

96

K

Gantry Traveler

Box

100
269
107

Corrugated

G
Gallows

Girders

279

155

I
I Beams
Inertia, Moment of

128
239

Ingot

117

Up

125
277
154
Members, Compression
231
Design, of
242
Loading of
246
Rivets in
246
Members, Tension
282, 248
Built Up
248
Design of
255
Eye Bars
248
Simple
248
Single Shapes
248
Metalloids, Effect of
108
Metalg, Physical Properties of 158
Microscopic Tests
152

Making

the
Structural Classes of
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Mill Buildings

Erection of
Mill Work, Cost of

Mixer

Moment, The

Moment of Inertia
Moments in Girders
Muck Bars

268
289
280
105
174
239
199
107

N
Necking Down
Net Capacity

Q
265

Queen- Post Trusses

145
183
163

Neutral Axis

PAGE
Production of Steel Shapes. 120
Profit
283
Properties of Metals, Physical 153
107
Puddle Balls
277
Puncher
269
Purlins

B
Radius of Gyration
Ranges, Ore

Raw

O

Material, Cost

Reactions of

Occurrence
Office Buildings
Erection of

98
273
290
Open Hearth Steel
113
Ore Ranges
99
Output of Cast Iron
106
Output of Steel
117
Output of Wrought Iron
109
Ovals
129
Overhanging Beams
155, 156
Overhanging Bridges
265

Beams

Reamers
Recarburizer

Red Hematite
Reduction of Area
Reports
Requirements, Physical
Restrained Beams
Riggers, Foreman of
Rivet, Value of a
Rivet Foreman
Rivet-Spacing in

235
98
280
163
278
112, 115
97
146
293
149
155, 156
291
225
291

Girder
225
129
131
129

Flanges

P

Riveting
Rivets, Stresses in

Paint Shop
Painting Cost
Petit Trusses
Physical Properties of Metals
Physical Requirements
Pigs
Pin Plates
Pins
Pitch of Roof Truss
Pits,

Soaking

Plates

Batten
Flat
Girder

Masonry
Sheared
Universal

Web
Point, Yield
Pole, Gin

Pound Inches
Pratt Trusses
Pressure, Wind
Price,

Base

279
283
265
153
149
104
255
253
270
117
122
233
252
200
200
122
122
200
144
286
176
265
269
280

Rivets and Riveting
Rivets in Compression
bers
Rivets in Girders
Rolling Lift Bridges
Roof Trusses
Design of
Pitch of
Slope of

Rounds
Rules for Girders

Mem246
221
265
268
271
270
270
122
204

8
Safety, Factor of

Saws, Cold
Shapes, Steel
Classes of

Manufacture of
Production of
Shear
Single and Double
Shear in Beams
Sheared Plates

147
120
119
122
119
120
131, 171

132
169
122
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Shears
Shears in Girders
Shearing
Sheets

263
276
263
290

Shiming
Stress

Shiming Sheets
Shipping Clerk
Shop
Laying-Out

277
279
282
277
277
97
155
265
200

Paint

Shop Costs
Shop Drawings
Shop Templet
Siderite

Simple
Simple
Simple
Simple

Beams

Bridges
Girders
Tru8» Bridge, Erec287
tion of
132
Single Shear
128
Sizes, Standard
102
Slag
250
Sleeve-Nut
270
Slope of Roof Truss
117
Soaking Pits
199
Span Length
274
Spandrel Beams
294
Specifications
112
Spiegeleissen
125
Square-Boot Angles
122
Squares
107
Squeezer
255
Standard Connections
128
Standard Sizes
109
Steel
110
Bessemer
109
Crucible
113
Open-Hearth
117
Output of
Steel, Structural

138
139
275
Steel- Makers' Handbooks... 120
119
Steel Shapes
119
Manufacture of
120
Production of
200
Stiffener Angles
160
Stiffness of Beams
290
Storekeeper
102
Stoves, Hot-Blast
Strength
140
Total
Chemical

Tests
Tests
Steel Grillage Foundation

Physical

.

.
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Ultimate
Strength of Beams
Strength of Columns
Stress, Allowable Working,
Stress Sheet
Stresses, Allowable
Stresses in Beams
Stresses in Rivets
Structural Memberi, Classes

of
Structural St«€l
Chemical Tests
Physical Tests
Structures
Classes of
Erection of
Making of
Superintendence, Building.

Suspension Bridges
Swing Bridges

140
159
234
147
276
143
161
131
154
138
139
263
283
276
290
265
265

T
Tees
Templet Shop
Tension Members

129
277
232, 248
Built-Up
248
Design of
255
Eye-Bars
248
Simple
248
Single Shapet
248
Tenth-Point!
229
Testing Structural Steel
138
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Chemical
Microscopic
Physical
Test Piece, The
Through Bridges
Through Girders
Tie-Plates

Timber Trestle Work
Total
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Towers and Bents
Traveler
Cantilever
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Truss
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Work, Timber

Trunnion-Lift
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138
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150
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200
232
286
140
275
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265

270
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265
264
265
265
265
265
265
265
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Camel Back

Howe
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Petit

Pratt
Queen-Post

Warren
Trusses, Eoof

Design

271
270
288
264
102
259

of

Slope of
Truss Traveler
Trussed Beams
Tuyeres
Twin-Buckle

Use of Bridge Trusses
Use of Girders

V
Value of a Eivet

fJ-Plate

W
Wall-Plates
Warren Trusses
Web, Thickness of

Web-Plate
Wheel Loads

Width of Beams

Wind

Pressure

Working

Stress, Allowable.

Ultimate Strength
Ultimate-Unit Stress

Uniform Loads
Equivalent
Unit-Stress

Ultimate
Universal Plates

Upset
Use of Beams

Characteristics

251
140
140
157
231
147
140
122
250
263

225
289

Viaducts, Erection of

"Wrought Iron
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263

Manufacture
Output of

of
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200
265
225
200
158
160
269
147
107
108
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108
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Yard Master

290
144

Yield Point

Z
Z-Bar Column
Z-Bars

243
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Current
Alternating

PAGE

\larm
Burglar
Closed- Circuit

Fire
Open-Circuit
Alternating Current

Ampere
Annunciators

324
324
Bell .'
Bell, Electric, Operation of. 325
Bells, Installing Electric... 324
314
Board, Distributing
314
Boxes, Cut-out
331
Burglar Alarms
326
Buzzer

Cut-Out Boxes

D
Definitions,

Cable, Flexible

Armored

Carbon-Filament Lamps....
Casing
Center of Distribution
Choice of Lamps
Circuit, Electrical
Circuits, Series and Parallel.

Cleats
Closed-Circuit

Alarm

Concealed Work
Conductivity

Conductor
299,
Conduit
Copper Wire, Properties of.

321
311
311
320
309
314
297
301
319
332
322
299
324
320
299

Electrical

Diagram, Illumination
Direct Current
Distributing
Distribution
Center of
Systems of

Battery

CandlePower

298
298
314

Direct

331
332
332
332
298
300
329

Board

300
312
298
314
309
308

E
Electrical Circuit
297
Electrical Units and Definitions
800
Electric Bell, Operation of.
325
Electric. Bells, Installing... 324
Electric Fire Alarm
332

Filament Lamps, Carbon... 311
Fire Alarm, Electric
332
Fixtures,

Outlets,

Switches,

etc

Flexible

Armored Cable

Foot-Candle

314
321
313

G
Ground,

A

328

H
Horse-Power

347

301
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348
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Push-Button

Illumination
Calculations

311
312
297
311
324
319

Diagram
Wiring for
Incandescent

Properties of Copper Wire.

Lamps

Installing Electric Bells
Installing the Wires

300
324

B
298
299

Resistance

Mil-Foot

S

K
Kilowatt
Kilowatt-Hour

301
301
319

Knob-and-Tube Wiring

L

Series and Parallel Circuits. 301
Service Switch
314
Size of Wire
304
Switches, etc
314
Switch, Service
314

System

Lamp
Tantalum
Tungsten

311
311

309
308
310
Systems of Distribution .... 308

311
314
311

T

Lamps
Carbon-Filament
Choice of
Incandescent

Multiple-Series
Parallel

Three- Wire

Tantalum Lamp
311
Tapper
326
Three
Wire
Distributing

M

-

314
299
299
320
309

Meters
Mil
Mil-Foot Resistance
Moulding
Multiple- Series System

Panel
Three Wire System
Tungsten Lamp

317
310
311
Two- Wire Distributing Panel 316
XT

O
Ohm
Open

300
327
332
319
314

Circuit

Open-Circuit Alarm

Open Work
Outlets,

etc

Units, Electrical

V

w

Panel
Three-Wire Distributing.

Two- Wire Distributing.
Circuits

System

Pressure J Acting

300

Volt

P

Parallel
Parallel

300

.
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317
316
301
308
298

Watt-Hour
Wire

301
324
Size of
304
Wire, Copper, Properties of. 300
Wires, Installing the
319
Wiring for Illumination.... 297
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