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Steel Construction

INTRODUCTION

The introduction of steel in construction has become
universal in this country during the last decade. Its
extended use is evidently due, not only to its merits as
a constructive material and the exceedingly low price
at which it may be obtained, but also to the rapidity
with which it may be assembled in the field. Without
such a material the skeleton construction adopted for
high office buildings and similar structures, which are
being erected so generally in the principal American
cities, would be impracticable; bridges would become
more cumbersome and unsightly affairs, and the success-
ful construction of graceful and symmetrical roof
trusses, and arched ribs of great span would be almost
impossible.

Since struetural steel has become such an important
factor in all building operations, its proper adaptation
in the design of structures should be thoroughly under-
stood by architects, contractors, and others engaged in
the building trades. Not only will such an understand-
ing enable them to design the safest building with the
least expenditure of material, and consequently capital
to their client, but it will enable them to erect such
structures as to preclude the possible loss of life by the
collapse of unstable structures, caused by their im-
proper design and through ignorance of good construe-
tive details on the part of their designer.
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18 STEEL CONSTRUCTION

The intention of this essay is to set forth the usual
practice adopted in America by designers of steel con-
struction, and to treat and deseribe in detail such
features of construction, as enter into the design of
modern offices and buildings, where the elements of
strength depend upon a framework of steel.

In this treatise the wording usually employed in writ-
ing specifications has been adhered to as closely as
practicable; for by the adoption of such a style the facis
can be expressed more concisely.

DEAD LOAD

The dead load shall consist of the statie load due to
the weight of all the materials entering into the con-
struction of the building, and shall include in its esti-
mate the weight of permanent machinery, water tanks,
and large safes or vaults built as a part of the structure.
The weight of the fireproof construction shall be cal-
culated for in each case. The dead load of the floors
shall consist of the weight of the arches, conerete filling,
flooring, plaster, ceiling, and steel construction. Where
partitions are permanent the floor beams immediately
beneath them shall be caleulated to carry the weight of
the partitions in addition to the regular floor load.
Where the partitions are not fixed—that is, are liable
to be changed from time to time as circumstances may
arise—a load of 20 1b. per square foot of floor area shall
be added to the weight of the floor construetion, in
order to cover the possibility of an imposed load, at
any point on the floor, due to the weight of the par-
titions.

In figuring the dead load due to the fireproof floor
construction, the weight of the several characters of
arches used shall be obtained from the ecatalogues of
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DEAD LOAD 19

their respective manufactures. The weight of the cinder
conerete filling shall be assumed at 72 1b. per cubic foot.
The finished floor line shall be at least 3 in. above the
top of the steel construction, and the finished ceiling
line 2 in. below the under side of the beams, brick arches
excepted.

The general construction shall be first decided upon,
and the approximate dimensions of the members com-
posing the frame assumed ; from which their weights are
caleulated and the dead load estimated. After the struc-
ture has been designed, and the dimensions of the beams,
columns, and girders, together with the rolled sections
comprising them have been definitely decided upon, the
dead load as previously figured shall be accurately gone
over and checked. Should the beams, columns, or
girders be found inadequate, they must be strengthened
by increasing the weight of the rolled sections compos-
ing them. This shall be accomplished, wherever pos-
sible, by thickening the rolled section rather than by
changing their principal dimensions.

In designing the footings and foundation piers the
entire dead load shall be figured; great care being ex-
ercised to see that the load per unit of surface for like
soils is the same throughout the entire foundation area,
so that any tendenecy towards unequal settlement will be
avoided.

LIVE LOAD

The live load shall comprise the transitory loads upon
the floors of the building such as people, merchandise,
small safes, movable machinery, and varying loads of
any character whatsoever, including the snow load upon
the roof. This load shall be added to the dead load in
obtaining the total or maximum load upon floor or roof.
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20 STEEL CONSTRUCTION

The maximum live loads for the several cheracters
of buildings shall be, for each square foot of floor area
as enumerated in the following table, based upon the
subscribed data:—

For City Dwellings, 70 1b.

For County Dwellings, 40 Ib.

For Theatves, Churches, and School-rooms, 80 1b.

For Office Buildings, 50 to 70 1b.

For Assembly Halls, Ball-rooms, and Drill Ialls, 120
to 150 1b.

For Factories, Light Work, 150 1b.

For Factories, Heavy Work, 200 to 450 1b.

For Warehouses, ete., from 250 1b. up.

The weight of a erowd of people seldom attains more
than 80 1b. per square foot of floor surface, thongh when
densely packed the weight may be as high as 120 1b. for
like area. City houses are liable to other uses than that
of a dwelling, hence a somewhat heavier load shall be
figured on than would ordin: rily obtain in dwellings.

All buildings containin urniture fixed to the floor,
such as the seats in the 5, pews in churches, and the
desks or benches in s , cannot be densely erowded,
and consequently a somewhat lighter load than 120 1b.
per square foot of floor surface shall be assumed as the
live load in such buildings. In buildings occupied as
offices dense crowds seldom colleet exeept on the lower
floors devoted to stores, either wholesale or retail,
banking purposes, show-rooms, or business exchanges.
Ascertained data, obtained by investigating 210 Boston
offices, shows the average live load for the entire number
of offices to be approximately 17 1b. per square foot of
floor surface, while the greatest live load in any one

_



LIVE LOAD 21

office was 40 1b. per square foot; the average of the ten
highest being 33 1b. per square foot.

In so much as the live load is liable to be concentrated,
to attempt to use an average load would be dangerous.
Therefore the maximum live load likely to occurshall be
used in figuring the loads upon the floors of office build-
ings. This load shall be at least 50 1b. per square foot
of floor surface, for all floors used only as general
offices. For lower floors, used as places of exchange or
mercantile business, liable at times to be densely erowded,
at least 120 1b. per square foot shall be estimated on.

In designing large buildings of the skeleton construe-
tion type where great sums of money are invested, pro-
vision shall be made for all possibilities of extreme,
either present or future. Since the likelihood of the full
live load occurring on all of the floors of an office build-
ing, hotel, or apartment house, is remote, the footings
and foundation piers shall be proportioned to sustain
only a portion of the live load, and c¢an in some cases be
neglected entirely. Where this is done, however, great
care must be exercised in ascertaining the bearing value
of the foundation soil, and the allowable bearing value
must be taken well within the safe limits.

In designing buildings many stories in height, the
floor heams supporting individual floors must be de-
signed to sustain the full live load.  All girders support-
ing such beams shall be designed to sustain at least 90
per cent of the live floor load, and those supporting two
or more floors from 75 to 85 per cent of the live load
upon its dependent tloors, according to the number and
the possibilities of loading. All columns must be de-
signed to sustain the reaction of all girders secured to
them and depending upon them for support.

In this character of building, especially where its
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height exceeds six to eight stories, the live load accumu-
lated at each floor, and transmitted through the tiers of
columns, may be reduced a reasonable percentage from
roof to foundation. This percentage shall be carefully
considered ‘in each case, the percentage to be deducted
at each floor depending upon the height of the building
and the possibilities as to the full live load being realized.
The following shall be an example of the percentage of
reduction existing from the roof to the basement of a
thirteen story office building, erected according to good
practice and economical construction. The live load
upon the floor beams, from the second to the thirteenth
floor, inclusive, was taken at 70 1b. per square foot. An
additional load of 20 Ib. per square foot was added to
the dead load to take care of the possibility of changes
in the partitions which was likely to occur at any time,
and the location of which might be anywhere upon the
plan of the floors.

Live Load on
Columns from
Floors above in
Ibs. per s1unre

Live Load on
Floor in Ibs. per

Total Load on
Columns in Jbs,

Floor BurTace. e Lo S oo Sartace
L N T 40 — -
13th Floor ........ 50 40
12t . —
11th P asaneaas —
10th i ssevscee —_
Oth i ’% —_
8th . cesssane —_ |
B P D e —
6th ]
5th : - ]
4th i . - 5 269
8rd i o 88 8950 —- 1 270 ]
2nd ' SRR e - - 0 270 1
1st = . : 125 0 270 1
Basement ..... 50 320 1
1
The live load in warehouses depends upon the mer- §
chandise to be stored. The weight of such merchandise :

4
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3 LIVE LOAD 23
‘3 shall be carefully ascertained for each particular case in
k] . > . .

: hand, and the structure designed for the maximum live
¢ load. Where standard articles of merchandise are stored

the following table, which gives measurements, floor
space oceupied, and weights of one case, box, cask, crate,
barrel, bale, or bag, ete., together with the load in pounds
per square foot of floor surface, shall be used :—
Measurements. Weight.

Floor Space

Occupied. Lhs.  Lbs
per  per

Ou. Ft. Sq. Ft.

Material.

Sa. Ft. Cu Ft.

Cassimers, woollen, in eases 20
Cement, Amcrican, in bary o9
Cement, English, in barre (i
CHDONE +sscnss suvasansss 30
Corn, In bags... 31 31
Cotton, in bales. . Vi 12 64
Cotton, extra compressed, in bales, ., 40 100
Crockery, In cask . A 14 52
KPORROPY, 30 RIS \ ans s e caneve 10 162
Diress goods, woollen, in cases, .. ... 21 N4
Flannels, heavy woollen, in cases. .. 22 16
Flour, T8 DATPOIS. .vovssiinnsraniss 40 a3
GInas, 2R BORSE +osiavosuvscniesis 60
SRR IR BRION £ e ¢80 0b NS E A 5 8 14
Hay, extra compressed, in bales 24
Hides, raw, in bales.............. 23
Leather, sole, in bales 16 32
‘Leather, sole, In piles ............ 17
Tdme, I Darrelf. ... c.oao00ceanns 50 63
Oats, in bags .. 27 20
OIl, lard, In barr 20 3 HES
FREL (MRRAN. 51w éviass sananspans s - 37
PRPEE - JEWE: a5 a0 vavesasenovseniss - - a8
Paper, super-calendered ........... - 69
Paper, WHADDIOE «iiccavasnnasvine 10
Paper, writing - 04
Prints, cotton, In cases............ 4. 13.4 31 03
Rags, jute butts, in bales 11.0 a6 143
Rags, woollen, in bales ........... 15 30,0 20 S0
Rags, white cotton, in hales ...... 0.2 10.0 18 78
Rags, white linen, in Iales ........ 80 J0.5 23 107
Sheetings, bleached cotton, in cases. . 4.8 114 30 (Y]
Starch, In barrels. ... 3.0 10.5 23 S3
Straw, extra compressed, in bales... 1.795 5.20 19 57
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Measurements Weight,
‘loor Space,

Material Occupied. Lbs. Lbs

o Ft.  Ou.Ft. . k.

Sugar, brown, in barrels........... 5 113
Tickings, cotton, in bales.......... 8.8 99
Tin, in boxes, e 0.5 99
Wheat, in b Moee S TR ey e e 2R ven S 4.2 39
NVBeRE, A0 DRIE: vs o5 co i iasn -
Wool, Australian, in bales......... 0.8 66
Wool, Californian, in bales........ 75 3
Wool, South American, in bales.... 7.0 143

Assembly Tlalls, Ball Rooms, and Drill Ilalls are
subjected to vibrations caused by rapidly moving live
loads, due to walking, dancing, or the rhythmic tread of
drilling soldiers, and consequently a somewhat greater
live load shall be assumed for buildings of this character
than for theatres or churches, ete.  All such floors shall
be designed for a live load of at least 120 1b. per square
foot ; although a live load of 150 1b. shall not be con-
sidered excessive, and is required in many cases.

Factories are also subjected to vibrations due to mov-
ing machinery. Extreme vibrations are likely to oceur
in buildings where large printing presses are at work, and
great caution shall be exercised in designing the floors
and supporting members of such buildings. In all such
cases, wherever practicable, the location of the presses
shall be decided upon, and special provision made in the
floor construction for same.

A live floor load of from 100 to 150 1h, per square foot
shall be considered sufficient in buildings as ordinarily
used for manufacturing purposes, and shall be ample to
include the effects of vibrations caused by moving ma-
chinery.  The pull of large belts or rope drivers are a
source of considerable vibration and must be investi-
gated and provided for, If the vibrations are likely to
be excessive, and their possible effeet not ascertainable

the live load shall be taken as double that usually adopted

B A A -
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for buildings of like character not subjected to similar
causes of vibration.

For machine shops and manufacturing plants, where
the work is extremely heavy, a live floor load of 450 1b.
per square foot of floor surface shall not be considered
excessive, In dealing with this class of buildings the
designer shall acquaint himself with the construction and
action of the machinery likely to be employed, also the
processes used by the manufacture, and thus guard
against contingencies that may arise in the future.

In factories and warehouses the footings and founda-
tion piers shall be designed to sustain the full live load,
on all floors, and differ in this respect from office
buildings.

FOUNDATIONS

Foundations must be properly proportioned, and great
care exercised in their design. They shall be required
to sustain the maximum load upon them, which shall
consist of the dead and live load, subjected to exceptions
and considerations as previously set forth, The accumu-
lated dead and live load shall be considered, and the
area of the footings and foundation piers shall be such
that the greatest pressure per square foot does not exceed
the safe values given for the various soils in the follow-
ing table:—-

Safe Bearing Value

Material in Tons per Sq. Ft.

Compact bed rock, of granite,...... 0

Compact bed rock, of limestone

Compact bed rock, of sandstone, ... .. . . 18

SoIt ITIRMIL POOK: o5 00eswaras suons s o5 to 10
Clay, in thick beds, absolutely dry i
Clay, in thick beds, moderately dry 2
BOLE CIRY: & sy v &8 AT ¢ Be 1
Dry coarse gravel, well packed and contined . 6 to 8
Compact dry sand, well cemented and confined. 1
Clean dry sand, in natural beds and confined L 2 to 4
Good solid dry natural earth..... i to 6
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Where there is liability of the foundation soil bheing
loosened by water, or by adjacent building operations,
due precautions shall be taken to prevent serious re-
sults from attending such eontingencies, poor soils, wher-
ever practicable, shall be improved so that they are
better adapted for foundations. If the soil is wet or
saturated an effort shall be made to improve it hy
drainage. Loose soils must be rammed or otherwise com-
pacted, and piles shall be driven at intervals to accom-
plish such results where required. All foundations shall
be protected against frost, which must be accomplished
by excavation, for the foundation, at least 6 ft. below the
surface of the surrounding soil.

Sinee foundations upon yielding material will settle,
more or less care must be exercised to see that this settle-
ment be uniform. In order to obtain uniform settle-
ment the pressure on a unit of area must be the same
under all foundation footings and piers; providing the
nature of the soil is the same throughout the area cov-
ered by the building. If the soil under different por-
tions of the building is likely to have different bearing
ralues, it shall be carefully tested, the safe bearing
values being ascertained at several points throughout
the foundation arca, and the foundation footings and
pier foundations so proportioned that the settlement
shall be as uniform as possible,

et

s D i S S MRS e

Where the actual live load is variable, and seldom ap-
proaches the load originally assumed, as in office build-
ings, equal settlement of the foundations shall be ob-

tained by proportioning the areas of the footings, so that 4
the dead loads produce equal pressure. For example, 1

the heaviest loaded foundation pier in a building sup-
ports a dead load of, 200 tons, and a live load is also of
200 tons; while another foundation supports a dead load

__’ —
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FOUNDATIONS

of 150 tons, and a live load of 100 tons. The first pier
sustains a total load of 400 tons, and, assuming the soil
to safely sustain a load of 4 tons per square foot of
bearing area, the area of footing required for the heaviest
pier, to carry both the dead and live load, equals
400 = 4, or 100 square feet. This area gives, when
estimating on the dead load alone, a bearing pressure of
2 tons per square foot. Using this unit bearing value
of 2 tons for the second pier, the area of base required,
figuring on the dead load alone, would be 75 square
feet ; while, if both the dead and live loads were con-
sidered in proportioning the foundation, the required
bearing area would have been 62.5 square feet, and the
dead load would cause a pressure upon the soil under
the second pier of only 1.6 tons, which would have a
tendency to cause unequal settlement.

FOUNDATION PIERS

All foundation piers resting upon soils of good dry
natural earth, having a safe bearing value of from 3 to
4 tons per square foot, shall be designed as shown on the
accompanying detail, see Figs. 1, 2, and 3.

The conerete base shall be composed of one part
cement, two parts sand and five parts of broken stone,
small enough to pass through a 2-in. diameter ring.
It shall have such an area that the pressure per square
foot upon the soil shall not exceed its safe bearing value.
The offset a of the concrete shall not be less than one-
half its depth or thickness b as shown on the accom-
panying detail. The thickness b of the concrete shall
never be less than 18 in.  The body of the pier shall be
of good quality hard bricks laid in Portland cement
mortar, and the area of its base shall be so proportioned
that the pressure upon each square inch of concrete
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t

The latter of the sides

of the brick pier shall never exceed a 6-in. offset to a

shall not be more than 200 1b.

b
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12-in. rise; that is, the rise shall be in ratio to the offset
as two to one. The area of the capstone in Jjuxtaposition
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to the brickwork shall be such that the safe bearing
value of the brickwork is not exceeded. Should the load
upon the cap be great a heavy cast-iron pedestal shall
be provided in order to distribute the pressure equally
over the capstone. The area of the cast-iron base bear-
ing on the capstone shall be such that the allowable
crushing strength of the stone is not exceeded. The
maximum pressure allowed on the materials employed
in the construction of foundation piers of the aforesaid
character shall be as follows :—

BRI 1L 7S 515 s i aie o @aimie misoh mn: a0 imin € otnl ...350 1b, per sq. In,
Limestone Ih. per sq. in,
Sandstone 250 1b. per sq. in,

Brickwork in I'o 200 1b. per sq. in.
Concerete ..200 1b. per sq. In,

Capstones shall be of granite, limestone, or sandstone,
and shall have a minimum thickness of 1 ft.; though
its thickness in any case shall never be less than one-
fifth its greatest dimensions, if rectangular, and one-
fourth the length of its side if square. The cast-iron
pedestal shall have a height of one-half the greatest
dimension of its base, and shall be so proportioned that
the pressure upon each square inch of its cross-section
does not exceed 14,000 1h,

The following is an example of the application of the
foregoing information. It shall be required to design a
square foundation pier of hard bricks with conerete foot-
ing, all in Portland cement mortar. The capstone is of
granite and supports a cast-iron pedestal, which in turn
sustaing a structural steel plate and angle column. The
load upon the column is 600,000 1b., and the safe bearing
value of the soil has been ascertained to be 314 tons per
square foot.

The size of the cast-iron pedestal is dependent upon
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the unit allowable bearing value of the capstone, taken
from the preceding table as 350 lb. per square inch ; then
600,000 = 350 = 1,714 sq. in. required, and the dimen-
sions of the base will equal \/ 1,714, or approximately
42 in. on a side. The size of the granite capstone will be
determined by limiting its pressure on the brickwork to
200 1b. per square inch, and the area required on the
bed of the stone will equal 600,000 = 200 or 300 sq. in.;
the length of its sides being \/ 3,000, or 55 in. Its
thickness will be one-fourth its base, or 14 in. The
area required for the conerete footing is equal to 600,
000 = 7,000, or 86 sq. ft. and consequently it shall be
9 ft. 3 in. square, its thickness being 18 in.

Since the sides of the brickwork are battered 1 to 2,
and the dimensions of its top and bottom are known, its
height shall be found as follows: One-half the differ-
ence between the top and bottom dimensions equals
(111 —18) —55

e 19 in. The 18 in the calculation

is twice the offset of the conerete beyond the brickwork,
which, as previously stated, shall not be less than one-
half the thickness of the concrete, it is in this case 9 in.
The latter is 1 to 2, therefore the height of the brick-
work is equal to 19 X 2, or 38 in.

From these caleulations the design of the foundation
pier cap pedestal, and foot of column shall be as shown
on the accompanying illustrations.

PILE FOUNDATION.

Pile foundations shall be used where the soil is clayey
and insufficient to sustain the desired load, or where
there is a stratum of clay with firmer soil beneath.

Timber piles, if properly driven, and their location
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PILE FOUNDATION 31

allows them to be submerged under water, shall be con-
sidered as satisfactory and permanent foundation. All
timber piles shall be spaced from 2 ft. to 3 ft. between
centres, and shall be driven to an equal bearing, which
shall be determined by the distance penetrated under
the last blow of the hammer. The bearing load on piles
driven to bed rock through stiff soil, capable of pro-
viding lateral support, shall be considered as equal to
the safe direct compressive strength of the timber taken
at the least cross section. If the surrounding soil is plas-
tic and incapable of furnishing lateral support, then the
pile shall be considered as a timber column of the same
length as the pile. Its safe strength per sq. inch of
cross section shall then be determined by the formula

SL
g , where S equals the allowvable compressive

833D
strength of the timber in pounds per sq. inch, L
the length of the pile in feet, and D the diameter of the
column in inches. The allowable compressive values of
the several kinds of timber used as piles shall be as
follows:

MBI TR, oo civicn oo as s aia v e s asos 800 Ib. per sq. in.
Southern, Long Leaf, or Georgia Yellow Pine...... T00 Ib. per sq. in,
EIRNEE 353 0583 048 GEVEEAPE 0 F S CE VAR EAR RSB 800 Ib. per sq. in.

Chestnut

T 0 0 O 8 ek o AR b 9l W oar b S 500 1b. per sq. in,
PREREY BB 95550 5 50005050 NSRSV ST G 500 1h. per gq. In,
L Y R I i 1200 1b. per sq. in.

..................................... 1000 1b. per sq. in,

In locations where bed rock or hard pan cannot be
reached, and the piles are driven through yielding ma-
terial, they shall be so loaded that the weight upon them
does not exceed the value of L in the following formula:

2WH

LL—=-———, where W is the weight of the hammer
P41




32 STEEL CONSTRUCTION

in tons; I the drop of the hammer in feet, and P is
the distances in inches penetrated by the pile under the
last blow of the hammer. The value P shall be con-
sidered only when the burred splinters have been re-
moved from the top, previously to the last blow being
struck.

Under no conditions, however, shall the maximum
load upon any pile exceed 20 tons, and the least allow-
able diameter of any pile shall be 5 in.

After the piles shall have been properly driven the
tops shall be cut off to a level and capped with gran-
ite or provided with oak grillage, as thought expedient.

In constructing pile foundations great care shall be
exercised to prevent the disturbing of adjacent build-
ing foundations. If it is found necessary to drive
them close to existing foundations, especially if such
foundations support heavy buildings, and the surround-
ing earth is liable to considerable compression, due to
the super-imposed load, such construction shall be aban-
doned and the foundations designed in such a manner
as to prevent the danger attending the disturbance of
adjacent footings.

STEEL BEAM GRILLAGE.

Steel beam grillage is the form of foundation con-
structed as shown on the accompanying design, Fig. 4,
and shall be resorted to where the loads to be supported
are heavy and the soil exceedingly plastic. Its use is
especially recommended where a thin and compact stra-
tum overlies another of a more yielding nature, and
where in consequence the available height of the foun-

dation is limited, for if possible the requisite area for
the foundation shall be obtained without penetrating

s
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This type of foundation shall consist of two or more

layers of steel

beawms, or, if occasion requires it,

|
y be substituted.

steel rails ma

In constructing such a
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foundation a bed of concrete not less than 12 in. and
of such a quality as heretofore specified shall be first
laid upon this, the steel 1 beams shall be placed side
by side of sufficient number and dimensions to dis-
tribute the load over the desired area. These beams
shall be thoroughly embedded in concrete by filling be-
tween, and well-ramming.  The second tier of beams
supporting the cast base shall be laid across the first
layer, reaching to the extreme outer edge. They shall
likewise be filled with concrete. Separators must be
provided between the I beams and the distance be-
tween the separators shall not exceed 5 ft. The tie
balts holding the separators in place shall pass through
the entire tier of beams. The I beams shall never be
spaced closer than 3 in. at the flanges, as less space
would interfere with proper ramming of the concrete.
Neither shall they be spaced at a greater distance apart
than 18 in. between centres.

Should the load upon the foundation be so great as to
require more beams in the second tier than can be con-
veniently spanned by the cast-iron base a third tier of
beams may be introduced, or box girders may be used
instead of the beams.

In determining the strength of steel grillage beams
the following formula shall be used to obtain the maxi-
mum bending moment M, which is considered as existing

M=W(L-—1)

]

at the centre of the length of the beam

Where W is the superimposed load in pounds on the
foundation; 1 is the length over which the superim-
posed load is applied; and L is the length of the beam.
The bending moment shall thus be obtained in inch-
pounds or in foot-vounds, according as the length repre-
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sented by L. and 1 in the formula are taken in inches
or feet. The distance L and 1 for each tire of beams
are clearly shown on the accompanying detail. The
allowable fibre stress employed in figuring the strength
of steel beams used as grillage shall be 15,000 1b. per
square inch,

From the following table the values of I for the usual
steel I beams may be obtained.

® B

£g B

g 5

20 1506
20 1345
20 1246
20 . 1145
15 . 2f 720
15 9.7 6.13 5
15 17.6 52 6.00 637
15 14.7 45 5.76 520
15 12.4 40
12 35 16.1 (1§
12 10 11.8 30 281
12 313 9.2 a5 220
10 40 11.8 o8 178
10 3 9.7 T 161
10, 30 8.8 4. 8¢ 13
10 7.3 4.75 22
0 7.9 4.75 110
0 233 6.0 1.58 80
b 21 6.2 4.50 sS4
8 4 § 7.9 1.06 7
8 22 } .3 69
8 18 4. oo
7 20 1. 47
; 4 15 3 37
G 5 26
d 2 21.7
) 13 15.7
3 03 12.1
4 10 .39 6.84
4 (5] 20 5.86
4 6 18 4.59
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The following shall be an example in the design of a
steel beam grillage foundation. The soil safely sustains
a load of 115 tons per square foot of surface, and the
load upon the column is 300 tons.

The area required in the footing will be 300 — 114 =
200 sq. ft., and if square shall be 14 ft. on a side, which,
while somewhat seant, will be ample. The accompany-
ing plate (Figs. 5 and 6), shows the layout of the beams
as assumed in the example. The size of the beams in the
upper tier will be determined first. Since they are five
in number and are 4 ft. across, this being as many as
can be placed at the minimum distance apart that ean
be conveniently spanned by the cast pedestal—the load
carried by each beam will be one-fifth the total load, or
60 tons. By substituting in the formula previously
given, the maximum bending on each of these beams is

120,000 ( 14 —4)

found to be equal ., or 150,000 foot-
8

pounds or 1,800,000 inch-pounds.

The resisting moment in inch-pounds of any beam

I
’ equals — — Where T is the moment of inertia of the
C

section and €' is one-half the depth of the beam in inches;
S being the safe unit fibre stress of the material.
The value of T for a 20 in. 75 1b. beam is 1,246, and

. 1S 1.246 % 15,000
by substitution the formula equals : -
) 0

or, 1.869.000 the resisting moment of the beam in inch-

p&unds, and, since the maximum bending moment is
only 1,800,000, this size beam shall be considered amply
strong for the top tier.

| )
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The bottom tier of beams are thirteen in number, and

will each have to sustain a maximum bending moment
46,000 ( 14 1)

of approximately — L or 57,500 foot-pounds,
i

S

which equals in inch-pounds 690.000.  From the above

table the value of 1 for a 15 in. 42 1h. beam is 402,000, ]
|
IS
its resisting moment, according to the formula
R I
I
equals 858,000 inch-pounds, which i5 considerably in ex- i
cess of that required; but as a 12-in. beam of sufficient 8
weight to sustain the load is heavier than the selected i
15-in. beam, it shall be considered economy to use the ¢
deeper beam, - S
The design of the foundation, as ealeulated above, shall I
be as shown in the accompanying design, see Figs. 5 n
and 6. t
CANTILEVER FOUNDATIONS v
Cantilever foundations shall be used where it is deemed i
advisable to undermine existing walls on adjoining prop- {
erty, and shall also be employed where it is impracticable t
to locate the exterior columns on the centre of the wall (i
or wall footings. In all such eases the wall columns shall tl
be supported upon the end of an overhanging girder, ti
which in turn is sustained by a foundation pier well i
within the building line, The several types of cantilever sl
foundations that may be used are as shown at L, BB, and
C on the accompanying designs, Figs. 5 and 6. el
Type L shall be used on narrow buildings where the n
foundation supporting the cantilever are small, and in £

1=
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consequence the overhang of the cantilever is compara-
tive short. The bending moment on this character of
cantilever girder is small, as the cast-iron base practically
transfers the load upon the column to the foundation
direct.

Type B may be adopted to advantage in many build-
ings, and the cantilever beam can be made of heavy I
beams, or it can be composed of plates and rolled shapes
forming plain or box girders.

The foundation shall be placed as near the wall as
possible, the wall column resting upon the over-hanging
portion of the girder, while the other end of the girder
is seccurely rivited to the interior column. Great care
shall be exercised in the design of such a foundation to
ascertain that the moment due to the load upon the wall
column acting about the outer pier as a fulernm is not
sufficient to raise the interior column with its sustaining
load. Sufficient rivets shall also be placed in the con-
nection between the girder and interior column so that
their safe resistance to shear is equal to the upper tend-
ency of the girder at this point.

The type of cantilever foundation C shall be adopted
in extremely heavy buildings requiring large founda-
tions and consequently considerably overhang. 1In this
type the central span L can be omitted, though by so
doing the continuity of the girder is destroyed, and al-
though the caleulations involved in figuring the reae-
tions upon the foundations are greatly simplified, the
increased rigidity and safety of the continuous system
shall be greatly preferred.

The following shall be an example of the ealeulations
employed in determining the reactions, and the bending
moment on the cantilever girder used in the type of
foundation shown at B on the accompanying plate, see
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diagrams, Fig. 7, which also gives a diagram of the loads
and the supporting reactions. The load upon the column
W, is 100 tons, while that upon column W, is 150 tons.
The distances L and S are 28 ft. and 24 ft. respectively,
taken to the centres of the columns and the bearings.
W.L
The reaction R,, then, equals ——— which gives
S
200,000 » 28
- ——— or 233,333 1b. The sum of the reaction
24
must equal the sum of the loads, and hence R, equals
(200,000 == 300,000) — 233,333, or 266,667 1b.

The bending moment on the cantilever girder is equal
to W, (L—28) or 200,000 X 4 = 800,000 foot pounds.
Assuming that the girder is composed of a single web,
plate and angle girder 2 ft. in depth.

The net flange area required can be found by the

M
formula ——, where M is the maximum bending moment
DS

in foot pounds, D the depth of the girder in feet, and
S the safe allowable unit fibre stress of the material in
pounds. By substituting the values in the preceding
formula the net flange area required is found to equal
15.000 % 2
———————_ or approximately 27 square inches. There-
800,000
fore, making allowance for the area cut out for rivet
holes, the flange of the girder shall be composed of 3 —
o in, > 14 in, flange plates and 2—6in. X 4in. X 3}
in, angles,
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The details of the design shall be as shown on the ae-
companying plates.

In caleulating the reactions of the type C, the canti-
lever girder, it shall be considered as inverted, the four
supports or the reactions being the columns, and the pier
reactions regarded as the loads. The diagram of the
girder C is shown on the accompanying detail, see
Figures, based upon these conditions. The reactions may
be caleulated from the following formula :—

4 + 8r + 322 — 6y — Yoy — 3 22y + 2y + zy?
4 4 8r 4 3x°

6y + 9xy + 3x2y — 2y — xy?

4 4 8z + 312

In the problem under consideration, L = 16 ft., 2 =1,
and y = .

The maximum bending moment at the pier G is equal
to the load on the exterior column multiplied by the
) distance between its centre and the centre of the bear-
ing. The bending moment at the pier I is equal to the
load on the exterior column multiplied by the distance
between its centre and the centre of the bearing (i minus
the product of the reaction at the pier G by its distance
from the pier 11.
Before considering the design of struetural steel
columns, their connections and wind hracing, the strength
of rolled steel beams, and the construetion of plate or

built-up girders, it is necessary that the properties of
such sections be determined.

| |
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The important elementary value of any section is the
moment of inertia represented by I. This property I
of any section having been obtained, the other properties
of the section, which are the radius of gyration and the
sectional modules, are readily ascertainable.  These two
values shall be represented by the letters R and Q re-
spectively.

The moment of inertia of any plane seetion shall be
considered as equal to the sum of the areas of the particle
composing the section multiplied by the square of the
distances they are located from the neutral axis. The
neutral aris shall be taken as a line passing through the
centre of gravity of the section, and perpendicular to

the direction in which the above named distances are

Vg

measured. This rule shall be expressed in formula as
[ =3 ad?, in which J signifies sum of, a the area
of cach particle constitufing the section, and d the dis-
tance from the centre of gravity of each particle to the
neutral axis, measured in a perpendicular line,

The following formulae for the usual rolled steel sec-
tions shall be deemed sufficiently accurate for all prac-
tical purposes, and will be used in subsequent calcula-

¥

3
!;
3
by
it
4
¥

’

tions, though when recourse can be had to manufacturers
tables of the properties of rolled sections, they can be
used more conveniently and accurately. Such tables are
given in connection with this article.

FORMULAE FOR DETERMINING THE PROPERTIES OF USUAL

ROLLED STEEL SECTIONS

Note—A = area of section. Values for radius of
gyration in flanged beams apply to standard minimum
¢ sections only.  All the terms are approximate except
' those marked with an asterisk, which are correct.
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The moment of inertia of a built-up section, such as is

commonly made of rolled steel shapes and plates, and
used for steel columns, plate girders, ete., shall be de-

—

— b A

-
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termined in the following manner: Find or locate the
neutral axis around which the moment of ivertia is de-
sired, by multiplying the area of each simple elementary
section, is from a line or origin of moments drawn out-
ing through the centre of gravity of each elementary
section, is from a line or origin of moments drawn out-
side of the figure parallel with the neutral axis, and
dividing this product by the total area of the figure.
For instance, in the accompanying figure 9, let a, b,
represent any line or origin of moments drawn outside
of the figure, then the caleulation for this section will
be as follows:—

Distance of
Elementary Area of Ele- Center of
mentary Gravity of Ele- P'roducts
Section. Seetion mentary Section
square in. from Line a, b
Top plate 3.00 3'n

Two upper angles. . 2.22 .29
Web plate .00 1.85
Two lower angles. . 12 7.50 {

Total i 32.34 13.47 172,18

Note.—In the above figure the distance, d, from the
back of the angles to their centre of gravity is obtained
from the Tables giving the properties of rolled steel
sections,

Dividing the sum of the products 172.50, by the total
area of the section 32.34, gives 5.33 in., or the distance
¢, in the figure from the line a, b., or origin of moments,
thus locating the neutral axis. Where the figure is sym-
metrical the above caleulation is not necessary, as the
neutral axis shall be considered as passing through the
centre of the figure. The neutral axis being determined,
the moment of inertia, or, I, of any built-up section, shall
be taken as equal to the sum of the products of the areas
of each elementary section by the square of the perpen-
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dicular distance from a line passing through its centre of
gravity to the neutral axis, plus the moment of inertia of

each elementary section,
of each elementary figure or section, and d, the perpen-
dicular distance from the neutral axis to a line passing
through the centre of gravity of the elementary figure
or section ; and let i, equal the moment of inertia of each

elementary section. Then the moment of the inertia

2S" 185"
a SC 5y,
s /‘J
1%°%x12" Plate
Ul~sxs ez
Neutral Axis

ol

e /2" X 14" Plate

3 t:)é{' q :'J'xa'-f/a'il.'d
F/'g 9

of the entire built-up section, or T=3 ad® 4 i. Re-
drawing the above figure with the neutral axis located at
a distance, ¢, which was found to be 5.33 in., and apply-
ing this formula, the caleulation for the moment of inertia
is as follows :—

Flementary a a2

i ad® + 1

Section., 600 gq. in. X 25.80 154.80 128 154.92

Top plate ........ 1222 sq. In. X 12.11 4798 18.90 166.88
Two upper angles. . 700 sq. In. X 470 = 3290 114.33 147.23
Web plate ..... T12 &q. In. X 66.25 471.70 6.40 478.10

Two lower angles. . I=F ad® 4+ 1 0P..vovvnnness TR 947.18

That is, let a, equal the area

e, S

R A T s A e 9 B B st
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In the above caleulation the values of i for the top and
web plates are determined from the formula given in
the table of formulas for figuring the properties of ele-
mentary sections, while the same values for the angles
are taken from the table giving the properties of usual
sections.

The radius of gyration of any section shall be obtained
when the moment of inertia is known' by dividing that
value or I by the total area of the section or A, and ex-
tracting the square root of the quotient. Thus, by

1
JI

. |

Neutral Axis

C.533
— o508

8./ F — 348
4217 %

1L
Frg.10

I I
formula, R = \/ —, or R? = — ; in which R equals the
A A
radius of gyration. For instance, in the preceding ex-
ample, the moment of inertia of the section was found to
be 947.13, and the total area 32.34 square inches, then
947.13
the square of the radius of gyration or R? — ———
32.34

or 29.28, and R = / 29.28 or 5.41.
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The section modules of any section or figure shall be
obtained, when the moment of inertia is known, by divid-
ing this value by the greatest distance the neutral axis,
see Fig. 10, or line passing through the centre of gravity,
of the figure is located from the outside fibres of the
section.

Expressed in formula, the section modulus or Q
o
in which ¢ equals the greatest distance from the neutral
axis to the outside fibre. To demonstrate, consider the
preceding example, where the moment of inertia is
0947.13, and the greatest distance from the neutral axis to
the outside of the section is 9.17 in.; Q in this case

947.13
equals ———— or 103.2, Again, if the moment of inertia
9.17

or I of a 12-in. T beam is 281.3, and the distance e,
which, when the section is symmetrical, equals one-
half the depth, is 6 in.; the section modulus or Q =
281.3
. or 46.9.
6

The following tables give the moment of inertia, radius
of gyration, and section modulus, together with other
properties of the usual rolled steel sections employed in
structural work.

Struetural steel columns ean be of varied eross-section
depending upon the requirements. The following see-

tions are in general use, and shall be given preference;
the first four forms being the usual marketed columns,

Antnr E=o

DDNADEDTICE NAC
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[ | Distance rom | Momentof | Radius of | Least Rads
Thick | ntre of Gravity| Inertia, Axis | Section Modulus |
Size of Angle. ! ey | Weight per foot. | Area of Section Gm’:“..:,ﬂ: - e i ety Gyration, Axis } 6\6-‘;-;:..” .

in. ! in | »n | 5q. in in. ] Q R R,

6 x 6 i | 340 ! 1003 | 187 353 817 187 120
6 x6 [ 148 ! 436 1 64 154 352 188 | 120 =
s x5 % 242 | 711 156 170 | 278 155 | 100 =
s x5 i 123 1 361 1.39 874 [ 742 156 100 &
« x4 | {3 208 611 1.35 945 ! 332 124 80 <]
4 x4 T 816 | 230 | viz 372 [ 129 124 o S
3t x 3% i | 135 | 398 | o 433 | 181 { 104 70 w
3t x 3% % | 711 209 99 235 | 98 108 70 ;g
3 x3 i 12 | 356 1o3 320 | 148 | o4 60 &=
3 x3 | % | 49 144 84 124 | 58 | 93 ‘60 =
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24 x 2¢ s 275 o081 63 { 39 [ 24 ‘69 f 45 3
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1! x 1 W% | 211 62 1 18 | 14 54 as
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Hox g 1% 18 '53 ‘44 | 1o | 104 46 ‘30
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5 W - 78 2, 30 ‘022 | o3t | 3 | 20
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the latter two being patented sections in more or less u

demand. tl
In selecting the column section best adapted to build-

ing construction the following considerations shall be P

carefully studied. iyl

First—Economy in both material and cost of construe-
L

Flate & Angle Colurnns.

L

Z-Bor Columns .

[ote
Zo///ccdj
v -5 C_.:.,..:,::.1

Channel! Columns
Fra, 11

tion. Economy shall be attained when the metal in the
column section is distributed at a maximum distance

A ; . ey st
from the central axis of the column, which will also fulfil W
the condition that the radius of gyration shall be the i
same, or nearly so, on all the axis of the column section; o

for the square of the least radius of gyration shall be




ECONOMY IN CONSTRUCTION ol

used in all subsequent formulas for the determination of
the supporting strength of columns.

Economy in cost of construction is principally accom-
plished by so designing the column section that it can
readily be built up of stock-rolled shapes, arranged in

=
of

.
‘Lfﬁ—&r{
q ﬁ; \vﬁﬂb

Box Sectron Columns

FPheenix § Grey Columns.

H

Larimer Columns.
Fia. 12
such a manner that the column can be readily fitted
up, and the riveting done with facility by power. The
availability of the material shall be embodied in this
consideration ; that is, patented sections controlled by a
distant manufacture shall be avoided, unless prompt
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shipment is assured, as the delay occasioned by failure to
ship, and the impossibility to get the material elsewhere,
would be likely to cause pecuniary loss.  (See Fig. 18.)

Necond.—That section shall be considered the best con-
structively where it is so arranged that the loads may
be transmitted directly to the centre of the column.
Thus eccentrie loading and its attending dangers are
avoided.

Third—The column section shall be such, that all
beam and girder connections thereto can be made con-
veniently without the use of swaged or bent plates of
peculiar shape, and so that all fitting in the field is
avoided, and the work can be rapidly and securely as-
sembled.

Fourth.—Where, as in buildings of many stories, the
columns extend from the basement to the roof in one
continuous length, and for reasons of economy it is neces-
sary to reduce the column section at every several
stories; that section shall be used that will allow the
reduction of the sectional area of the rolled steel shapes
employed, without materially reducing the general di-
mensions of the column seetion.  Should the general
dimensions of the column be materially reduced, at the
several floors, it is evident that cconomy will require a
column of such small dimensions in the upper tiers that
the difficulty of making good constructive details of the
beam and girder connections will be manifest.

Fifth—The colmmn section shall be of such a form
that it is easily accessible for inspection and painting;
though when completely fireproofed this consideration is
of less importance, as the covering will tend to prevent
the aceumulation of moisture on the column and lessen
the liability of deterioration.

The strength of a structural steel column depends

o]




STEEL COLUMNS

upon the ernshing strength of the material, the resistance
of the column to lateral flexture, which is influenced by
its lenegth, the method in which the ends of the column
are secured, and the radius of gyration of the column
sections. Long columns have less strength than short

AT
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Fia. 13

columns of the same cross-sections, for the reason that
they are liable to fail by lateral deflection; while if the
columns were of the same length and eross-sectional area,
the one in which the metal is distributed, the furthest
from the centre of the section, will develop the greatest
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.
strongth, The manner in which the ends of a column : s
are secured greatly influence its bearing capacity, by t
diminishing or increasing its resistance to lateral flex- |
ture. Thus, a column with its ends firmly fixed or se- i
cured, so that it is liable to fail in its length before giv- i
ing away at the ends, will develop more strength than 8
columms secured with a hinge at the ends, or, as it is 1
called, ““pin-connected.””  Columns with flat ends will 8
develop more strength than columns with hinged ends, ¢
but not so much as if the ends are fixed. 1
The formulas commonly used in figuring the strength t
of columns may be either the “Gordon,”’” or what is i
known as the straight line formulas.
The Gordon formulas may be expressed as follows :—
s
o
Hinged Ends; S = —— S—
62
14 | ——
18.000 R2
I
U
Square Ends; S - e —
12
f 1 <
24,000 R2 A
0 |
Fined Ends; § = ——— —
]2
14 | — i
36,000 R2

In which S equals the allowable unit fibre stress on
the column section; U

equals the allowable unit fibre
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stross of the material composing the column; 1 equals
the length of the column in inches, and R equals the
least radius of gyration of the column section. The
following shall be considered as an example in the ap-
plication of one of the above formulas: A structural
steel plate and angle column, flat or square ended, com-
posed of one 8 in. plate and four 4 in. X 3 in. angles,
all 7-6 in. thick, has a least radius of gyration of 1.72
and a sectional area of 14.98 sq. in.; its length being
16 ft. Provided the ultimate unit crushing strength of
the material is 60,000 1b. and a factor of safety of four
is desired, what will be the safe load this column will

U
sustain. Using the formula in which S ——8———
12
) [ Pap—
24.000 R2

15,000

by substituting S = — , or 9 — 869,
36,864
R r e —
24,000 X 2.95

which is the safe load in pounds the column will sustain
per square inch of section and the entire allowable load
on the column is equal to 9,869 multiplied by the area
14.98 or 147.837 Ibs.

The straight line formulas are, however, much more
convenient to handle and may be used to determine the
ultimate strength in pounds per square inch, of columns
whose lengths are between 50 and 150 radii of gyration.
These formulas are as follows, and the results obtained

P
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by them are found to approximate closely those ascer-
tained by actual tests upon full size-specimens,

Medium Steel. Soft Steel.
| 1

Hinger Ends; S = 60,000—210—: S — 54,000—185
R R
1 1

Square Ends; S = 60,000—230—; S = 54,000—200
R R
] ]

Pin Ends; S 60.000—260—: S 54.000—225
R R

In which S equals the ultimate strength of the column
in pounds per square inch of section ; 1 equals the length
of the column in inches, and R equals the least radius
of gyration of the section. Consider the preceding prob-
lem and apply the formula for square ends; that is S

1 192
60,000 — 230 —, Bv substituting S = 60,000 — 230

R 1.72

or 34,300 ; which, divided by the factor of safety four,
gives 8575, the allowable unit stress on the column in
pounds.  The area of the column being 1498 square
inch, the safe load that it will sustain equals 8575

14.98 or 128453 pounds. This result differs considerably
from the value obtained by the Gordon formula. but, as
can be seen, it is on the side of safety. Where the length

of the column is under 50 radii of gyration these formu-
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las need not be applied, as within that limit columns of
both medium and soft steel shall be considered as having
a uniform ultimate strength of 48,000 pounds per
square inch.

Square or flat-ended ecolumns are mostly used in build-
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ing construction. Ilinged or pin-connected columns, or
struts being used, especially in framed structures, such
as roof trusses. Ience, as it is usual to adopt a factor
of safety of four, the following formulas will be found
convenient in calculating the allowable unit stress for
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flat or square-ended columns, whose lengths are within
50 and 150 radii of gyration.

1
Medium Steel, S = 15,000 — 57 —.

R

Soft Steel, S 13,500 o0 —,
R

In which 1 and R represent the length of the column
in inches and the least radius of gyration respectively,
while S equals the allowable or safe load the column
will sustain per square inch of section.  Where the
length of the column is under 50 radii of gyration the
above formulas do not apply, and for these columns a
safe bearing value of 12,000 pounds per square inch of
section may be figured on. The use of any column hav-
ing a length greater than 150 radii of gyration, or whose
length exceeds forty-five times the least dimension of
the column shall be condemned.

Columns subjected to bending stresses, due to eccen-
tric loading or lateral forces, together with direct com-
pressive stress, shall be proportioned to withstand the
direct stress; the plates and rolled shapes composing the
section shall then be inereased in thickness, so as to
supply ample section of metal to take care of the bend-
ing moment created in the column.

The bending moment due to an eccentrie load shall
be considered as equal to the amount of the load multi-
plied by its distance of application from the axis of the
column, See Figs. 14, 21. That is M WI: where
M equals the bending moment in inch-pounds; W equals
the load in pounds, and 1 equals the distance from the
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line of action of the load W to the centre of the column.
The bending moment M must equal the resisting moment
M,, and M, must equal the product of the safe unit fibre

stress of the material and the moment of inertia, divided |
by the distance from the neutral axis to the extreme i
fibre. All of which expressed by formula is 4
l
ST L
M=M C : :
M=M, s
Where S equals the safe unit fibre stress of the ma-
terial ; I equals the moment of inertia of the section, and
C equals the distance, the centre of gravity of the section ;
is located from the neutral axis. Then, as previously ex- 2
I
plained R , in which R? equals the square of the |
A 1
radius of gyration, and A equals the total area of the y
section. I must, therefore, equal R2A, and by substi- t
S1 | t
tuting in the formula M = M, the value of M 5 &
C ¢
f ;
SRz A MC .
| —— or A , bv which formula the area that
:l ( S R2 I
; is necessary to add to the section of the column in order :
{ to resist bending stresses shall be found provided the .
‘g radius of gyration is not materially changed. 1f the ! t
t value of R? or the square of the least radius of gyvration .
] is materially changed, and hence the distance C from
! the neutral axis of the section to the extreme fibres, a '
|
!
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new section is assumed, and the radius of gyration and
the distance C obtained, the solution proceeding as be-
fore. In application of the above, the following shall
be considered as an example. The column section shown
in the accompanying figure has a least radius of gyration
on the axis X X of 4.85. Determine the area of metal
necessary to add to the section in order to resist the bend-
ing moment created by the eccentric load W, as shown,
provided the allowable unit fibre stress of the material
is 15,000 1b.

M = WI; substituting M = 10,000 4 18 or 180,000
MC

inch-pounds, and A = ——, or by substituting A =

S R2

180,000 -+ 6

15,000 4 23.52

, or 3.8 square inch, which is the area

necessary to add to the column section in order to resist
the bending moment ereated by the eccentrie load. Since
the sectional area of the original column section is 18.94
square inches, the angles and plates will have to be in-
creased to 7 inches in thickness, this makes the area
2217 inches, giving a gain of 3.23 inches, which will be
ample.

The rivet spacing in columns built up of rolled steel
plates and shapes shall be carefully considered, and the
following shall be observed in conjunetion with the sub-
sequent data given on rivets, Use the same size rivet
throughout, if possible, as it saves trouble and expense
in the shop.

The rivets holding the elements of the column section
together shall be spaced, for several feet above the base
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plate, not further apart than 314 inches for a 34 inch
diameter rivet, and 4 inches for a 74 inch diameter rivet.
Likewise the rivets near any splice or beam connection
shall be spaced the same. The rivets throughout the
length of the column shall be placed at a distance apart,
not greater than 6 inches from centre to centre, pro-
vided such a distance does not exceed 16 times the thick-
ness of thge thinnest outside plate. The distance from
the side of "a plate or rolled section to the ecentre line of
a rivet shall not be less than one-half the diameter of
the rivet plus the sum of ‘one-half the thickness of the
plate plus 14 inch; while the distance from the end of
a plate to the centre line of a rivet should not be less
than the thickness of the plate plus the sum of the
diameter of the rivet and 14 inch.

The size rivet to be employed in the construction of
columns shall be 34 inch, 74 inch, and 1 inch in diam-
eter. Rivets 74 inch in diameter shall be used if there
is more than one cover plate exceeding in thickness 54
inch; if less than this 34 inch diameter rivets will be
amply large. Should the thickness of the angles and
plates connected be equal to 3 inches, 1 inch rivets shall
be used, though rivets of this size should be avoided if
possible, as all shope are not fitted up to drive them
with facility.

Column connections require the exercise of much
judgment and skill in their design and construction to
insure good work. A few points shall always, however,
be observed; the columns should be so spliced as to be
a unit from basement to roof, and all connections shall
be rivetted at the shop or in the field with hot wrought-
iron or steel rivets; in this manner only can perfect
rigidity, which insures against movement by wind pres-
sure, be attained. Riveting shall be much preferred
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to bolting, as the rivets in driving upset and fill the
hole completely, while the bolts are apt to have more
or less play, which destroys the rigidity of the connee-
tion. It shall be considered advisable to make the
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column splice near the floor beam connections, as it
facilitates the erection, the floor beams forming a stag-
ing from which the upper tier of columns can be placed,
fitted and rivetted. Where it is desired by the architect
to run all pipes, electric wiring, ete., along the column
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and between it and the fireproofing ; the connections and
splices should be considered to facilitate such designs,
and uever, on any account, shall the eutting of holes
in the bed-plates of columns to allow the passage of such
pipes or wires, be tolerated.

When beam, or girder connections, are made to a
column sufficient rivets shall be placed therein, that
their allowable shearing or bearing value shall equal the
end reaction of th zirder or beam; that is, assuming
that the load upon the girder, uniformly distributed, is
sixth tons, or 120,000, the end reaction will he 60,000
pounds. If the allowable value of a 75 in. rivet is
4,500 pounds, the number required shall equal 60,000
== 4500 or 14, When the rivets arve field driven—that
is, driven during erection, 10 per c¢ent to 15 per cent
additional rivets shall be used to make due allowance
for inferior workmanship. Details of the usual column
splices and beam connections shall be as shown in the

The bracing of column connections and floor systems
to resist lateral wind pressure shall be accomplished
in the several ways enumerated herewith,

First—The connections of the floor beams and girders
to the columns may be so rigid as to provide all the
stiffness required; especially may such a system prove
available when the floor principals arve deep plate girders
securely riveted to the columms.  This character of con-
struction is amply safe for buildings whose height does
not exceed two and a half times their least base. Where
deep girders are employed as above mentioned, a height
of even three times the length of the least base shall
not be considered excessive, provided the exterior walls
are well built and of sufficient thickness, or if the build-
ing is constructed with substantial interior brick par-
titions.

tr
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Second.—Sometimes the connections and supporting
brackets take the form of triangular gusset plates re-
enforced on the edges with angles; the whole tending to
stiffen the connection materially. This is one of the
most usual forms of providing lateral stiffness to the
skeleton framework of a tall building. Such a form of
brace and connection is shown in detail on the plate,
page 66.

Third—An outcome of the gusset plate system of
bracing is the portal system, in which each bay is really
a steel arch, the wide columns forming the piers for the
support of the arch.  This system is used somewhat,
especially in the lower stories of extremely high build-
ings. It is, however, an expensive construetion, and
the interior of the building, as to the arrangements of
partitions, ete., must conform to the location of the
portal braces. Where the portal is left open, however,
they admit of fine decorative treatment and become ad-
vantageous rather than detrimental.  Such a system of
bracing is shown in detail on page 68,

Fourth—The system of knee bracing is often used,
but is far from being economical, as it produces heavy
binding moments in both the c¢olumns and horizontal
struts.  Details of such a system is shown on the plate,
page 63,

Fifth—Sway bracing, which connects the caps of the
one column with the foot of the other is undoubtedly
one of the most economical in material and makes each
pair of columns connected a cantilever bridge truss. its
support being at the foundations and its uniformly dis-
tributed lead the wind pressure. The great objection to
this system is that it interferes materially with the loca-
tion of door openings, and cannot be used for the in-
terior columns on account of the diagonal braces eross-
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ing the window openings. This system of bracing, with
details of connection, is shown on page ——,
In calculating the stresses on bracing in buildings, due

Knee Bracine For WIND

Solution and Dewls of Froble

Sedigpyrs
Il # Al rivets 3 Dam a
¥ of 15'Channel”
[ i
4 EPEISTY y g
‘oo 3 .:"
1 ; k Gusset Plate g, 00 | L i
1‘ 4 .
4 : >0 o006 o; P, :
s | -
. of 2
Gurder for - == l Y ' /{' iad i )
Supporting Curtan % ?E Floor Beams l b
}, ! *==Wall ‘ $ & FlateGirger, | '
! eje X XXX '
o 22 =l
o o oP8
CREG '
& ‘ & 5]
of | |o]ll[®" /=
6| 1 |olll[®)/ =
¢ ! AUV FAnother Method
é @ ./ of Corstracthion
Hg: 2
S S |
ﬁ |19 [ 3 :
Fia. 14

to lateral wind pressure, the foree of the wind shall be
taken between 30 and 40 pounds per square foot of
vertical surface, as the judgment of the designer shall

| 4.1
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dictate. The stresses in the wind bracing will be maxi-
mum when the direction of the wind is normal to the
exterior wall, or parallel to the plane of bracing. In
caleulating the stresses on any system of bracing in-
stituted for the sole purpose of resisting the lateral
pressure of the wind, all rigidity imparted to the build-
ing from partitions, stiff floor connections, &e., must be
considered an unknown factor, and be disregarded ; ex-
cept that the floor system shall be considered sufficient to
transmit the horizontal shear due to the wind. The
horizontal shear at any floor level, which, regarding the
bracing and the attendant system of c¢olumns and floor
beams as a cantilever truss supported at the foundation
becomes the panel points, shall be taken as the sum of all
the forces above the point considered. The force of the
wind on any one panel is equal to the horizontal length
of the wall surface daepending upon the system for sup-
port, mu'tiplied by the distance between the floors, half
way above end half way below.

It shall not be deemed necessary that every bay in a
tall buildine be braced, only such bays located at these
points that the designer shall consider advantageous.
Thus, in a narrow building braced erosswise with a single
gystem, it is a good practice to locate the system mid-
way; while if the building has two systems it is well
to place them equidistant from the ends. Such symmetry
shall be adopted so that the load upon the several sys-
tems shall be equalized, and thus any tendency towards
twisting eliminated.

The wind bracing shall be so designed that all the
stresses are transferred to the foundations, and rigid
and adequate connections shall be provided for the ae-
cumulated forees at that place.

A factor of safety of at least three shall be adopted
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in the bracing of tall buildings to resist lateral wind
pressure,

The method of determining the stresses on wind brae-
ing differs with the form of bracing employed. The
solutions are not exact, owing to the several inde-
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terminate factors entering therein, and the consequential
assumption that must be made.  The best practice, how-
ever, in fieuring the stresses in the several forms of
bracing previously treated of is as given on the accom-
panying plates, and first elass buildines should be de-
signed according to the accompanying details.
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The heavy girders in building econstruction, which
carry the usual floor beams, are built up of steel plates
and angles, and are known under the general term of
“plate girders.”” They are classified according to their
cross sections as ‘‘single-web girders’

The single web-girder, as its name implies, is composed

> or ““box girders.”’

of a single vertical web-plate with angles rivetted back
to back along its upper and lower edges, the angles
often being re-enforeed with plates known as flange
plates.  The box girder is merely a double single-web
girder, that is, i* has two or more web plates, the flange
or cover plates being safficiently wide to rivet to the
angles attached to all of the web plates.

Each of these girders possesses its specifie advantages
and disadvantages.

The single-web plate girder is readily construeted,
and easily accessible for painting when in place, but
lacks lateral stiffness. On the other hand, a box girder
is difficult of access for painting, and offers some trouble
in construetion, but possesses considerable rigidity in a
horizontal direction. In comparing the strength of the
two girders for weight, it has been found that the box
girder is about 10 per cent stronger than the single web
girder, This comparison, however, is only true where
the girders are unsupported laterally by floor beams or
other structural members.  When used in a floor system
there is little actual difference in their relative strengths.

The elements of a plate girder are the web plate, the
upper and lower flanges, which correspond to the chords
in a bridge, and the stiffeners or re-enforcing member
for the web plate. The web plate is designed to resist
the vertical shear upon the girder. while the top and
hottom chords take care of the bending moment.  Sine
the top fibres in any simple beam are in compression
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and the lower fibres of the bottom section are in tension,
it naturally follows that the upper flange must be so de-
signed as to resist compressive strength, while the lower
flange is subjected to a tensile stress.  Theoretically it
would be correct to proportion these members, especially
for the stress they are called upon to resist; but in
actual practice, owing to considerations regarding shop
construction and adaptation of material, it is the prac-
tice to make both flanges identical, proportioning the
flange under tension for the stress to which it is sub-
jected, and making the compressive flange of the same
shape and construction,

The first element that is usually considered in design-
ing a plate girder is the web plate. The width of this
plate limits the depth of the girder, and it has been
found from experience that it is inadvisable to make a
web plate girder of a greater span than sixteon times
its depth. Some engineers more conservatively adopt
twelve times the depth of the girder for the maximum
span, while others deem that excessive deflection will
not exist, under a load proportioned within the safe unit
fibre stress, if a girder has a span twenty times the
depth.

The practice of making the minimum depth of the
girder ', of the span is almost universal, and can be
adopted with safety. Following such a rule, a girder
40 ft. long would be approximately 2 ft. 6 in., or 30 in
in depth. Ilaving regulated the depth for a girder,
which has likewise been found to be the most economical,
it is next required to ascertain the minimum thickness
of web plate that may be used. When plate girders
were first adopted it was the custom to use exceedingly
thin web plates, some being as thin as 14 in. or % in.

14
these old girders, after many years of service, were cut
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apart, and it was found that many of the rivet holes
had elongated considerably. Gaining by this experience,
conservative engineering practice has determined that
no web plate shall be less than % in. in thickness, and

2
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for the ordinary light girder used in building construe-
tion this thickness is commended. The web plate, how-
ever, must be proportioned to withstand the maximum
vertical shear to which the girder is subjected. The
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maximum shear in a simple beam is located at the points
of support, and is equal to the reaction at the abutment,
the gross vertical shear of a beam uniformly loaded

W
being equal to one-half of the load, or —.
l_)‘
A\Y
This vertieal re-action — must be resisted by the shear-
5

ing value of the web plate directly over the abutment.
The entire eross-section of the web-plate is not available
at this point, because a certain percentage is eut away
in rivet holes, as it is necessary to rivet angle-iron stif-
feners through the web plates at this point. The net
section of the web plate is therefore equal to the thick-
ness, multiplied by the depth, minus the number of rivet
holes in a straight line multiplied by their diametef,
When the net section has been obtained in this manner,
the shearing value of the web plate may be determined
by multiplying the section area by the allowable unit
shearing value of the material, which is usually taken
at 11,000 pounds per square inch of section.

From these premises we have therefore the formula:

W
(D —nd)tS . in which D equals the depth of the

D

web plotes toequals the thickness of the web plate (both
in inches), n equals the number of holes throngh a verti-
cal seetion of the web plate at the point of support, d
equals the diameter of the rivet hole (taken as 4 in.
larger than the diameter of the rivet), and S equals the
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allowable unit shearing value for the material, which, as
previously mentioned, is taken at 11,000 pounds for
structural steel, while W equals the entire uniform load
W
upon the girder, For the value — the gross reaction
2
must be substituted when the girder is unsymmetrically
loaded.
By transposition the thickness of the girder may

readily be found from the following formula:

W

2S8(D—nd)

or, if R equals the gross reaction, the formula may be
R,
written as:— t = —m—.
S(D—nd)

For example, the maximum shear on a web plant equals
120,000 pounds, the web plate is 48 in. in depth, and
through the web plate at point of support is a row of
ten rivets %4 in. in diameter, the rivet holes being
in. larger, making them 1} in. in diameter; unon sub-
stituting these values the formula:—

R, 120.000
b = e gy
S(D—nd) 11,000 (48 —10 X 1)

In this particular case it is determined by the formula
that the theoretical thickness of the web plate should
be a little over 14 in., but from the practical considera-
tions before mentioned, which precludes the use of a web
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plate for any girder less than % in. in thickness, this

- minimum thickness should be used.

It is not sufficient that the web plate of a girder shall
be built to resist the shear alone, since there is a tendency
for the plate to buckle. This tendeney to buckling must
be overcome by the use of angles rivetted to the sides
of the web plate; these angles known as stiffeners, are
spaced at intervals not exceeding the depth of the girder.
In no case, however, should these stiffeners be at a greater
distance apart than 5 ft. Conservative engineering prac-
tice provides that such stiffeners shall be used on all
girders at the points of support, and directly under any
concentrated load. Other stiffeners must be used when
the shearing strain per square inch exceeds the strain
obtained by the following formula:—

12,000

3000 t=

in which S equals the allowable shearing strain per
square inch, h the depth of the web between the flange
angles of the girder, while t equals the thickness of the
web plate, the values being in inches,

For example: A girder 30 in. between the flange
angles, and provided with a % in. web plate, sustains a
vertical shear of 100,000 pounds. By substituting in the
formula just given—

12,000

S= 30 X 30 = 2940 pounds.
1in>

3000 X .312 X .312
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The shearing stress upon the section of the web is
found to be about 10,000 pounds, which is in excess of
the allowable stress determined by the formula, conse-
quently stiffeners will be required for the girder. These
stiffeners should in every case extend to the under side
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of the flange angles; that is, they should cross the verti-
cal leg of the tlange angles, as shown at A on Figs. 20
and 21. From these figures it will be observed the
angle stiffeners may be made straight, and a packing
piece introduced beneath them so that the space between
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-

the vertical legs of the flange angles will be filled flush,
and the stiffeners will take a firm bearing; or they may
] be rivetted directly next to the web plate, and swaged
' outward at the ends so as to clear the flange angles. In
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some cascs the ends of the stiffeners are bent outward at
an angle of about 45°, so as to clear the flange angles |
entirely, as shown in the figure. In proportioning the
end stiffeners over the abutments, they should be con- il
sidered as columns, and should be proportioned to take 1
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the entire load coming upon the support. Sufficient
rivets should be placed through the end stiffeners to
transfer the load to the web of the girder. The strain
upon the end stiffeners should not, in any ecase, exceed
15,0600 pounds per square inch of cross section, and it
should be preferably less than this.

Where the stiffeners are used under a concentrated
load, they act to prevent the buckling of the web, and
must be so designed that they will transmit the entire con-
centrated load to the web through the rivets, and through
their end section, which takes a bearing upon the upper
and lower flanges. A sufficient number of rivets should
be provided wherever possible, in order to transmit the
e, e concentrated load:

} top and bottom elements of the girder which, as
before mentioned, correspond to the upper and lower
chords of a bridge truss, and which are known as the
flanges, comprise the flange angles and the flange plates,
and many engineers in figuring the necessary flange see-
tion include in the sectional area of the flange 1-6 of
the web plate.  Where 1-6 of the web plate is thus con-
sidered, it is bad practice to splice the plate near the
centre of the girder when it is uniformly loaded, for at
this point the greatest bending moment takes place, The
entire sectional area of the flanges is not available in
resisting the hending stress, for the reason that all vivet
holes found in a single vertical seetion must be deducted
from the gross arvea in order to get the net area of metal
in the flange. In order to determine the required see-
tional area in the flange it is necessary to determine the
greatest bending moment upon the girder; this bending
moment is usnally stated in foot-pounds. By dividing
the bending moment in foot-pounds by the product of
the depth of the girder in feet and the allowable unit
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fibre stress, the required flange area will be determined.
This rule can be stated in the following formula, where

M
Sa=——
SXD

in which Sa equals the net sectional area of the flange
required, M the bending moment in foot-pounds, S
the allowable unit fibre stress of the metal, usually taken
at 15,000 (though by less conservative engineers con-
sidered safe at 18,000, or even 20,000 for building work),
and D equals the depth of the girder in feet. For ex-
ample: A plate girder having a depth of 30 in, and a
span of 40 ft. is required to support a uniform's dig-
tributed load of 2000 pounds per lineal foot.

The load upon the girder equals 80,000 pounds; the
bending amount equals:

WL 80,000 — 40

= ——— = 400,000 foot-pounds.
3 8

Upon substitution in the formula—

400,000

Sa — — = 10.66,
15,000 % 2.5

or the required net area in the flange in inches. The
gross area in the flange must be considerably more
than this, because there are at least, even if no flange
plates are used, one rivet out of each flange angle, and
one rivet hole out of 1-6 of the web plate ; assuming that
the flange section of the girder proposed is as shown at
B in Fig. 21, its gross section and area is as follows:

s P B et e
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1-6 of web plate equals .3125 X 5...... = 1.56 8q. in.
2 flange angles, 5 X 315 X 34 in. @ 5.98 = 11.96 sq. in.

Total gross area.................. = 13.52 sq. in.

The deduction for rivet holes in this flange, provided
the rivets used are %} in. in diameter, will equal—

2 holes at .8125 X .75 =1.22sq. in.

1 bole at .8125 X 312 = .25sq.in.

1.47 sq. in.

which, when dedueted from the gross area of the flange
plate, equals 12,05 sq. in, in the net area of the flange
plate.  Sinee this is in excess of the required area, the
section assumed is ample for the girder in question.

If the width of the top flange of any girder is not at
least equal to 1-20 of the span, the section of the top
flange should be increased, provided the girder is not
held against lateral deflection ecither by floor beams or
secondary girders. The formula commonly used by con-
servative engineers to determine the necessary increase
for the top flange is as follows :—

12
Ave A ] -
5000

in which A, equals the net area required in the top
flange when the girders is unsupported laterally; A
equals the net area required in the top flange, the girder
being supported laterally, while 1 equals the span of
the girder in inches, divided by the width of the flange
in inches,

It in designing the girder in the preceding example
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the flange area as assumed had not been found suffi-
ciently great, then flange plates would have been used.
It is usually preferable to make such flange plates from
34 in. to 9% in. thickness, and if more area is required
than can be gained by the use of one flange plate, a num-
ber are usually provided; in very heavy girder construe-
tion as many as four or five flange plates are often
used.

As it requires considerable time to caleulate the neces-
sary flange area of a girder, it is often convenient to con-
sult a table which will give upon inspection, the necessary
information. A convenient means for obtaining the net
area necessary in the flange of a plate girder is given
in the table shown.

In using‘this table it is necessary to note the load,
span, and depth,  When these values have been decided
upon, multiply the coefficient given in the table by the
uniformly distributed load. The load is figured in tons
of 2000 pounds, The result obtained will be the net
area in square inches required in each flange, the safe
unit fibre stress being 15,000 |'m|nl<ls. For example :-
A plate girder has a span of 30 ft., and its depth from
centre to centre of the flange angles is 24 in., while the
uniform load the girder is required to sustain equals
1500 pounds per lineal foot of girder.

The entire load on the girder equals 1500 % 30, or
4500 pounds. The product of the load in tons by the
coefficient from the table for a girder of the dimensions
stated equals 2214 % .25 or 5.62 sq. in., the required

flange area.

Plate, or built-up girders, are usually used to support
a uniformly distributed load, and when they sustain this
character of load they are subject to the greatest bend-
ing moment at the centre of the span. This bending

—
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moment diminishes to zero at the supports. It is con-
sequently unnecessary to have the full flange section ex-
tend the whole length of the girder, ana for economical
considerations where one or more flange plates are used,
they can be stopped some distance from the supports
without affecting the strength of the girder in the least.
The outside flange plate is shortest, while the flange plate
next to the angles is the longest. This latter, in order
to stiffen the girder laterally, is usually extended the
full length of the girder, though as far as the bending
moment is concerned, it is not needed after a certain
distance from the eentre. The length of the flange
plates is readily determined by the formula—
All
It=24+LX YV ;
A

In this formula L! equals length of the flange plates
under consideration, and which, for a uniformly dis-
tributed load, are symmetrically arranged each side of
the centre of the girder; this length is determined in

feet; L. equals the span of the girder from the centre
of the abutments, likewise in feet; A!! equals the total
net area of the flange from the outside and including the
plate in question, while A equals the entire net area of
the flange. Applying this formula to the plate girder
designed as designated in €, on Figure 21, the follow-
ing is true for each of the three flange plates.
6.06

Length of first plate =2 4 40 / or 18.4 ft.

36.62

12,12
Length of second plate =2 4 40 \/ —— or 24.8 ft.
36.62
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18.18

Length of third plate — 2 440 / or 30 ft.

36.62

When a girder supports a uniformly distributed load,
or even a number of loads, or both, the length of the
flange plates may be found readily by several interesting
graphical methods.  While a formula has been given
which is readily caleulated, and is, possibly, more con-
venient to use than the graphical method for the same
system of loading, it is not possible by it to obtain the
most economical length of the flange plate when a girder
is loaded with both uniformly distributed, and concen-
trated, loads; in fact the graphical method for such a
case is the only one that can be used. Many engineers
prefer to use the dia-grammatie or graphical methods
in all cases and for the solution of all problems, for the
reason that while not nearly so accurate, the possibility
of a considerable mistake is very much less. The bend-
ing moment upon a girder, when the load is uniformly
distributed, is represented graphically by the parabola,
and the basis of the method for determining the length
of the several flange plates is founded upon the construe-
tion of this line. In Figs. 22 and 23, the line a b
s laid off to any seale, equal to the span of the girder;
at the centre is erected the line ¢ d, upon which the net
flange area is laid off to scale; the horizontal line e f is
now drawn, and the rectangle a, b, £, ¢ is thus completed.
Divide the line ea into any number of equal spaces,
as shown at 1, 2, 3, 4, ete, and likewise divide the
line ad into the same number of equal spaces, as desig-

nated at g h,i, ete, draw from these points g h, i, j. k,

ete..  the vertical ordinates as  shown, and from
the points 1, 2, 3, 4, ete., upon the line a e extend lines

#
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converging to the point ¢; at the intersection of the
oblique lines with their corresponding vertical lines,
mark points as at m, n, o, ete., and through these points
draw in the curve of the parabola. Now assume that

——p——
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the girder for which the diagram is being drawn has a
net flange area of 21 sq. in., and making up this area
there are four flange plates, each having an area of 4
8q. in., and two flange angles having a net area of 9

| —
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sq. in. It is now necessary to divide the line e d into such
portions as will graphically represent the net flange area
of the plates and of the flange angles; for instance, each
plate will be in length equal to 4-21 of the length ¢ d, and
the two flange angles will equal 9-21 of this line,

The most convenient way to lead out this line to the
true proportions is to place the scale across the figure at
any angle until, in this case, 21 divisions are contained
between the two horizontal lines e f and a b; this scale is
shown at p'p!, and the method is sufficiently clear from
the figure. Through the points p, ¢, r, s, draw the hori-
zontal lines as shown, and where these lines intersect the
parabola, as at t, uv, draw upwards vertical lines as de-
signated at v, w,u,y, and ty; the length of the several
flange plates may then be readily determined by scaling
the distances of y.x, and w respectively from the central
line ¢ d. This will give one-half the length of the {lange
plate, theoretically; one foot should be added to this
length in order to allow for rivetting., In this case the
theoretical lengths of the first, second, third, and fourth
flange plates are found to be as designated in the figure.
The entire theoretical length of the flange plate in each
case being twice this distance, measured for the respee-
tive plates from the centre line e d, plus the 2 ft. added to
each of the plates for rivetting.

The diagram for determining the length of the flanze
plates, where the girder supports several coneentrated
loads, is similarly constructed as shown in E, Fig, 23,
the method pursued being practically the same,  In this
ficure lay out as before the line ab to scale, and locate
upon it the pn.\i!inn of the several coneentrated loads, as
shown at ¢, d,e and f. From these points extend up
wards the vertical ordinates as designated, making them
equal in length to the net flange area required at the

oo™
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several locations upon the girder in order to sustain the
load. 1In this way will be obtained the points g, h.i, j;
having obtained these points, conneet a and g, g, and h, h,
and i, 1and j, and j, and b; through h draw any horizontal

o [ Messure for the
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line, and pursue the same method as deseribed o connee-
tion with Fig. 22, Lay off between the horizontal
lines ab and k1, the points m, n, and o; the distances
hm, mn, no, and od represent the net arcas of the three

flange plates and the two flange angles respectively, laid
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off upon the line ah, which represents the greatest net
area required in the girder. Through the points m, n,
and o just obtained, draw the horizontal lines as shown,
and where they intersect the outside lines ag, gh, hi, ete.,
of the irregular polygon, as at the points p, q, r, s, t, and
u, draw upwards vertical lines extending to the next

{ horizontal line above; these lines are represented in the
Hé figure pv, qw, rx, sy, tz, and u &, and the distance of the
'8 first flange plate may be found by sealing the line xy with
the same scale to which the span was marked off on the

line ab; the length of the second plate is scaled from wz,
while the third is found by measuring the line v, ete.

As explained in connection with the previous diagram,
it is necessary to add 2 ft. to the end of each flange plate
in order to compensate for the rivetting required.

The method for obtaining the length of the flange
plates in a girder, when it is required to support both
a uniformly distributed load and several concentrated
loads along its length, is a combination of these two

‘ methods just given, and the diagram for obtaining the
g;, flange plates under such conditions is designated in Fig.
| 23.  Let it be assumed that the girder a b (that is,
% : one having a span to scale equal the line ab) is loaded
! with a uniformly distributed load, and three concentrated
' loads located at the points ¢ d and e. On the centre line

| fg lay off a distance hi equal by scale, as in {he first

i method, to the net flange area required for the uniformly

i distributed load, and by the system deseribed in con-

& nection with Fig. 22, and which is shown construceted ll
i with light lines, to the left of the centre line, draw the |
parabola, which represents graphically the hending mo- }
I

ment upon the girder due to the distributed load; upon
the ordinates from the points ¢, d, and e lay off the points
3, k, and 1, and connect, as described in Fig. 23, the

e —
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points a j, j k, k1, and 1 b, and the resulting polygon will
be the representation of the bending moments due to the
concentrated loads. The distances ¢ J, d k, and e, as in
Fig. 23, lay off equal to the net flange area required to re-
sist the bending moments acerning from the concentrated
load only at these points; now from 1,2, 3, 4, ete., extend
the ordinates as shown, and upon the first ordinate lay
off 1-20 from the point 30, obtaining the point 40; like-
wise lay off the distance 2-21 from the point 31, obtain-
ing the point 41; proceed likewise with 3-45, and thus
until the points 40, 41, 42, 43, ete., have been obtained,
and through these points draw an irregular curve as
shown. The distance from the highest point m to the
horizontal line ab will represent to seale the net seetion
required for the greatest bending moment due to both the
uniformly distributed and the concentrated loads.
Through this point m draw the horizontal line as desig-
nated, and with the scale as shown at nn, and by the
method previous'y deseribed in connection with Fig, 22
lay off the spaces o, p, g, r, representing to scale the net
area of the flange angles and flange plates, and the hori-
zontal lines drawn through o, p, ¢, r, will divide the line
m d into portions which truly represent the net seetion of
the flange plates and the flange angles. Where these
lines, as previously described, intersect the outside poly-
gon as at t,u, v, w, draw in the vertical lines as shown,
By scale the theoretical length of the flange plates are
found as designated on the figure, although the fourth
plate, at least in this ease, would extend throughout the
lenath of the plate girder. Tt will be noted in every case
that the flange angles are required the full length of the
girder. Tf it is desived to include 1-6 of the web plate
in the flange area this allowance must of course be made
in marking off the divisions between the upper and lower
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horizontal lines. The same consideration applies to all
of the methods deseribed.

After the general dimensions of the girder have been
determined, and the sizes for the flange angels and plates,
together with the stiffeners decided upon, it is necessary
to obtain the rivet spacing throughout the girder. The
sizes of rivets employed in structural work in connection
with building construction range from 34 in. to 1 in. in
diameter, most of the work being put together with 34
in. diameter rivets. The rivets are driven hot, and npon
contracting in cooling they elamp the several plates of the
structure firmly together. Tt is a much disputed question
whether this elamping effect, which produces certain frie-
tional resistances between the plates, shall be considered
in caleulating the rivetting, or whether the shearing re-

1 sistance of the rivets and bearing value of the plate
‘L alone should be taken into account.

40 This clamping effect, or frictional resistance of the
1 plates, is, however, sueh an indeterminate factor, that it
7‘! can hardly be considered in the design of steel structure.
] : The only certainty of strength in a rivetted joint or con-
i nection lies in the shearing value of the rivets, or the
~'¥ bearing value of the plate. The rivetted joint may fail
14 in two ways—bhy the rivet shearing, or by the plate

around the rivet hole erushing or erippling.  When the
i plate is thin, and the rivet of considerable diameter,
there is liability of the rivet holes stretehing or eloneat-
‘ ing through the erippling of the plate, but when the
plate is of considerable thickness the rivet will shear
before the plate will be affected.  Tn considerine the
strength of any joint or vivetted connection, it is there-

fore necessary to consider both the shearing resistance
} of the rivet and the bearing value of the plate adiacent
: to the rivet hole. 'When two plates are lapped and held
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together by a rivet, the rivet is said to be in single shear,

because only one section of the rivet is required to resist

ot v.or woE oo e :[1.#

‘NOLLINALSNOD TAALS NVIEIWY | § BREEL
o { "A LRI IR 3T 5. 0.5 ¢ . % % b
»I|Il|“»~1E|WP»olnb”w e LR
o
of 4ine 4
of (oo “
- vy A it o u
e} ol
.- |sleie  ®lo}
1ol oo, b
-4
* tovE e ts :
o wpun 7od Siiewd ey §| e E .r.oro o
ol 1o s
o 54> R |
o 1)4) i
- o
| " ™)
3 = 3
LATRAIAR TSI IR TS SILLFLTe e oo o S5 I8 5% s 340+

J - 4 6 N vr.ﬂ\i«.a.,a\
el}lkt.gc Cabuy §xoxD2 ?gfgé

P.5 P |ID DUmep 3y UO UMOUE @@ PTeds IBA Y D _
) ffoR vy s M

ﬂO’f«o «oowilm«‘wo . oe &i:tzﬂlﬁ B St SARe At

i 222004 e ereetttitei oo ?«3213»1*;4 o= 33‘%

wred Fooped gus’ L=
1 | iy peere QeI T
<304 PSS josapsoopaauad wosl g L) e

L us "
v-c2 om0 sanD o uBua — . _ -

HW3IAHIH 14 08 AAVIY Vv 304 STivi3q

at their june-

rivet

plates to ent the

the tendeney of the

tion.

plates held to-

three

are

however, there

When,




90 STEEL CONSTRUCTION

gether by a rivet, two having a stress tending in one
direction, resisted by the other or central plate, then
there i1s a tendeney to shear the rivet through the see-
tion along two lines, and the rivet is said to be in double
shear. At Fig. 24, are shown rivets in single and double
shear respectively.

Observing these figures, the plates having the rivet in
single shear bear upon the rivet at a a, and are said to be
in ordinary bearing, while the plate b having the rivet
in double shear is said to be in web bearing at aa. A
rivet in double shear, as will be observed from a study of
figures, is twice as strong as one in single shear, and it
is usnal to allow that a plate in web bearing is one and

a half times as strong as a plate in ordinary bearing.

! The commereial strength of structural steel is tensile,
: and it is usual to base the shearing and compressive
i stress upon the allowable tensile; for instance, conserva-
‘ tive practice usually considers the allowable hearing
‘ value of the plate in ordinary bearing as equal to about
\ 14 the allowable tensile stress, while the allowable shear
i upon the rivets is commonly taken at about one-half the
allowable bearing value, so that the following values are
usually taken in practical work:—

Ordinary

Character of Work. Shearing Bearing.

Iron rivets, railroad bridges ......... 6000 12.000
Iron rivéts, highway bridges and build-

IME: 5 oy Nacts 6500 5 &ised § 2% 7500 15.000
Steel rivets, railroad bridges ......... 7500 15,000
Steel rivets, highway bridges and build-

BRBE Bevivns aikio a v vis st b b b 9000 18,000

T,

5

AR

Pt

All of these values being the unit allowable stress, or
the stress per square inch of shearing or bearing surface,

e
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The following table gives the value for rivets of dif-
ferent diameters and for plates of different thicknesses—

RIV

In considering the riveting of a

BT VALUES FOR SHEARING AND BEARING.

Bearing value at 12,000 for different

o2 thicknesses of plate
Diameter Area 53
CE] s
rivet rivet. @
€| Y 516 ‘7-16 ¥ | 916 | 3% |11-16
|7
34 1o 660 1120
;5 190 II‘S(J 1500 1880 2250 ‘
56 ‘307 | 1840 /1860|2320 2790|3250 3720
3 442 |2050|2250|2810|3370!3940| 4500 | 5060
% 6ot | 3610 _'(;_;o 3280 3940|4590 5250 | 5910 | 6560
1 785 4710 3000 3750 4500/ 5250 6ooo | 6750 | 7500
| |
- Bearing value at 15,000 for different
thicknesses of plute
Diameter Area
of s .
rivet rivet )
¥ |516 716 | % 9-16 | 5§ | 11-16
| o [
35 110 30 1410
's 106 1470 1550 2340 2810
el 307 34012930 3520|4100 |
i 442 10| 3520 4220/4920| 5630 | 6330
% Gor 4510/3280|4100 4920!5740 65060 | 7380 | 8200 Go20
1 785 5890 3750 4690 5620 6560 7500 | 8440 ‘ )3%0 | 10,310
|
Bearing value at 18,000 for different
Diamater  Area thicknesses of plate.
of \
rivet rivet ) |
Y 516 B 716 A 9-10 56 11-16
38 110 99o 1650 |
Ya 196 1570 2250 2820 3370
4 *307 2760|2500 3480 4180 4870 55%0 |
3% 4423970 3300 4210 5050 5910 6750 | 7590
7% 60115410/ 3940 4920 5910 6880 7870 | 8800 | 9840 | 10,830
1 785 7000 4500 5020 6750 7870 gooo |10,120[11,230/12,370
} d

plate girder it is ad-

visable to introduce in the end angles—that is, the stif-
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feners over the abutments—sufficient rivets to resist by
their shearing, and by the bearing value of the plate,
the entire reaction or shear on the girder at this point.
For example, a girder 48 in. in depth is loaded so that
the reaction at the abutment is 200,000 pounds, the web
plate being % in. in thickness, and the rivets % in. in
diameter, the angles stiffeners being 2§ in. in thickness.
Both the ordinary bearing of the angles and the web
bearing of the web plate is greater than the shearing
strength of a %4 in. rivet; but the web bearing is not
as great as the double shear which necessarily exists upon
the rivets; in consequence the weakest point of the con-
struction is in the web bearing of the middle plate, which
figured on a basis of a unit bearing stress of 15,000
pounds, one and a half times the value given in the table
for a % in. plate in the second section of the table, The
least value for each rivet is then found to be equal to
2280, Dividing the reaction 200,000 pounds by 5280,
gives approximately 38 rivets, or 19 rivets in each pair
of stiffeners. The piteh of the rivets will then he (pro-
vided the distance between the extreme row of rivets in
the upper and lower flange angles is 44 inches) 44 in.

19, or 2.31 inches,

The spacing of the rivets in the stiffener throughout
the givder is more a matter of judgment than of caleula-
tion, though some engineers deem it advisable to place
enough rivets in the stiffeners to take care of the or-
dinary shear at the particular point at which the stif-
feners ocenr. This is not necessary, however, and the
usual rule is to space the rivets at the maximum piteh
for a compressive member, namely, sixteen times the
thickness of the thinnest outside plate, providing such a
piteh does not exeeed 6 inches, Tt is not always possible
to secure wide web plates of sufficient length so that they
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may be introdueed in the girder in one piece; it is there-
fore necessary to splice these web plates, and it is usually
arranged to have these splices come at the point of least
shear, which, in a girder uniformly loaded, is at the
centre of the span.  In IFig. 21, is shown a splice for a
web plate, and it will be noticed from this drawing that
the splice plate does double duty in holding the web
plate together, and in acting as a filler for the stiffener,
the rivets in the stiffener being so arranged as to assist
in the splice of the web plate.  Like the web plate the
flange angles must sometimes be spliced, and when this
is necessary a smaller sized angle or hent plate is usually
introduced, as shown at a in Fig. 20, It is considered
good practice to arrange the splice so that no two will
come opposite—that is, in the upper tlange the splice of
the angle on one side is at one end of the girder, while
the splice of the angle on the other side is at the other
end of the girder. Few rivets are required in the splice
of the angles in the upper flanges cither when the cover
plates arve spliced or the flange angles, because this por-
tion of the girder is in 1'nlll|hl'('s~iull. and the l\lll)' use of
the splice is to keep the member in alignment, so that it
may take the compression direetly,

When, however, it is required to splice the lower chord
of a plate girder, either the cover plates, the flange
angles, or the web plate, if 1-6 of its depth has been in-
cluded in the design of the flange it is necessary to in-
troduce sufficient rivets so as to realize in their re-
sistances the entire tensile strength of the flange in ques-
tion. In riveting the flange plates to the flange angles,
it is the practice to introduce enongh rivets in the end of
the plate to realize the tensile strength of the net section
of the plate. Take, for example, a plate 12 in. wide by
35 in. thick, punched through on a straight line with

i




94 STEEL CONSTRUCTION

two 7% in. holes for rivets; the net section of this plate
is equal to 12 X 375, or 4.5, and if an allowable tensile
strength of 15,000 pounds has been considered, the
strength of the plate will equal 4.5 > 15,000, or 67,500,
Supposing that the value of one rivet through this plate
is equal to 4800 pounds, there will be required in the
end of the plate 67,500 - 4300, or approximately 14
rivets, will be placed in the end of the plate, pitched
about 215 in. or 3 in, from eentre to centre. The balance
of the rivets in this plate will be spaced at the maximum
piteh, except where such rivetting coineides with the end
of another plate in which the rivets are spaced as in this
plate, at the end.

The caleulation for the number of rivets in the vertical
leg of the flange angles and through the web plate is
somewhat more complicated than for the flange plates.
stiffeners, or splice plates.  There are three methods pur-
sucd in practice, and also a method by which the number
may be determined graphically.  The latter is especially
to be commended on account of its simplicity.

The simplest rule for determining the number of rivets
through the vertical leg of the flange angle is to space
the rivets between any two stiffeners so that there will
be a sufficient number to resist the vertical shear that
would oceur on the point on the girder where the stif-
fener nearest to the abutment is loeated.  For example,
a girder is loaded as designated at J, Fig, 20, and it is
desired to ascertain the number of rivets required be-
tween the points a and b: the reaction or, R, equals one-
half of the load, or 15 (45 X 3600) 81,000 pounds;
the shear at the point a in consequence equals 81,000,
winus the load hetween R and the point a, which is equal
to 14400 pounds, or 66,600 pounds. The distance he-
tween a and b, equal to the depth of the girder, is 48

tl
tl
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inches, and 66,600 pounds divided by 48 equals 1387
pounds resistance required per lineal inch of the flange
angles.

From the sketeh the web plate is 3§ in. thick, and the
flange angles, which are 14 in. thick, are rivetted with
34 in. diameter rivets,  The values of a 3} in. diameter
rivet in such an instance, when a unit stress of 18,000
pounds is assumed as the safe working value of the ma-
terial, is as follows—

Web bearing ... 7575
DIDDIRE BDBBY .« ».v'ii 35 504 568 5 Ths 5950005 5 7 a8 7940

so that the least resistance of one rivet is in the web
bearing of the flange angles. Having obtained this value,
which is 7575 pounds, and knowing the number of
pounds resistance required in each running inch of the
flange angles, it is only necessary to divide 7575 by 1387
and obtain the pitch of the rivets, which, in this case,
equals 546 inches.

Since this dimension falls within the maximum for a
compression member, which is sixteen times the thick-
ness of the thinnest outside plate, provided such does
not result in a number greater than 6 inches, the piteh
just found may be safely employed. This rule may be
stated more explicitly by the following formula :—

VD
P .

S

mm which P equals the piteh of the rivets between the
two stiffeners; V, the least resisting value for one rivet;
D, the distance between the two stiffeners when it equals
the depth of the web plate, and S, the vertical shear at
the stiffener nearest the abutment. While this rule is
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only approximately correct, it gives at least a minimum
pitch, and is well within the safety limits,

Another method which is frequently employed to de-
termine the piteh of the rivets in the vertical leg of the
flange angle is to caleulate the inerement of stress for
the several points throughout the length of the girder,
and to proportion the pitch of the rivets accordingly.
The increment of stress, or the amount of stress hy which
the stress in the flange angle is augmented at each point
in its length, and which is the stress that is transmitted
to the flange from the web, is obtained by dividing the
vertical shear at any point on the girder by the depth
of the girder in inches. The inerement of flange stress
may be determined by the following formula, in which
S equals the inerement of flange stress desived ; S, the
maximum shear on the girder at the point in question in
pounds, and D, the depth of the girder in inches :—

S

L

D

When the inerement of stress has been obtained, it is
only necessary to divide by the maximum value of the
rivet in order to obtain the piteh of the rivets adjacent
to the point in question.

Assume that it is desired to obtain the piteh of rivets
between the several points of the girder marvked a, b, e,
d, e, ete, in the Fig. 20, The load on the girder is
4000 pounds per lineal foot, and the vertical shear ot
the several points is as follows:

a = 120,000
b 100,000
¢ == 80,000
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d = 60,000

e 10,000
{ 20,000
o 0

Then the increment of stress at the several points may
be designated as is tabulated below:

a = 120,000 -= 60 in. = 2000

b 100,000 = 60 in. 1666 2-3
¢ RO.000 = 6O in. 333 1-3
d 60,000 = 60 in. 1000

e 10,000 = 60 in 666 2-3
f 20.000 =~ 60 in 3331-3
o 0

From this data just obtained, the number of rivets
which may safely be used between the several points
on the girder may be obtained by dividing the several
increments by the least value of the rivet, which may
be assumed at 6750, With this value for one rivet the
theoretical piteh of the rivets will be as follows:

Between a and b 6700 2000 337 in
Between b and ¢ 6700 = 1666 2-3 $£.05 in
Between ¢ and d G750 1333 1-3 506 in.
Between d and e 6700 1000 6.70in
Between e and f == 6750 666 2-3 — 10,12 in.
Between f and g — 6750 <= 333 1.3 — 20.24 in.

For practical reasons it would be advisable to make the
pitch from a to b equal to as near 33§ in. as possible,
and the piteh from b to ¢ equal to 4 in., and from ¢ to d
equal to 5 in., while throughout the remaining pancls
the piteh must not be greater than the maximum pitch,
or 6 in,
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Besides the horizontal stress existing hetween the flange
angles and the web plates, there is a vertical stress when
the load rests upon the top or bottom flange, and this
vertical stress is sometimes provided for in the rivet
spacing.  This tendeney to shear the rivets in a vertical
direction is uniform throughout the girder, and is equal
for each lineal inch in the length of the girder to the
load per foot divided by 12,

The vertical load per inch in the previous example
equals therefore 4000 pounds, the load per lineal foot,
divided by 12, or 333 1-3 pounds.

The inerement of horizontal stress in the same ex-
ample between a and b was found to equal 2000 pounds.
There exists in consequence the vertical component of
333 1-3 pounds and the horizontal component of 2000
pounds of an oblique foree, which is the resultant, and
which determines the piteh of the rivets, This resultant
is found in the same manner as the hypothenuse of a
triangle—that is, according to the formula—

R=vVx?+y,
in which R equals the resultant required, x the horizontal

inerement of stress, and y the vertical stress.  Upon
substituting in this formula—

R = v 2000% 4 333 1-32,
or 2027 pounds, and this divided by the value of one

rivet as previously assumed to equal 6750 gives a theo-
retical piteh between a and b equal to 3.34 in. instead of

3.37 in., as obtained when the vertical stress on the rivet
is neglected.  The difference in the two pitehes is usually
so slight that it is the common practice to negleet this
vertical stress entirely.  The method of caleulating the
pitch of the rivets in the vertical leg of the flange angles
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by the bending moment is probably the simplest, and is
the one commonly employed. The bending moment at
any point on the top or bottom flange of a plate girder
may be readily resolved into the compressive or tensile
stress in that flange by dividing by the depth of the
girder in feet, If, then, the stress in the flange due to
the bending moment at that point is divided by the al-
lowable value for a rivet, the result will be the number
of rivets required throughout the flange angles from the
point in question to the nearest abutment, and the theo-
retical piteh of the rivets may readily be found by divid-
ing the required number of rivets into the distance in
inches from the point in question to the first abutment
stiffener,

The above method or rule, may be conveniently stated
by the following formula :—

d, VD
P FR—
M,
In this algebraie statement PP equals the theoretical
piteh of the rivets from any point on the length of the
girder, D, equals the distance in inches at which this
point is located from the stiffener at the abutment, V
the allowable working value for one vivet, D the depth
of the girder in feet, and M, the bending moment on
the girder at the point in question in foot pounds. For
example, there occurs in the girder designated at K,
Fig. 20, a bending moment at the centre of the span,
or at g equal to 1,800,000 foot pounds, and since the
girder is 5 £t in depth, and the value of one rivet in the
flange equal to 6750 pounds, while the distance from g
to a is 360 in,:—




100 STEEL CONSTRUCTION

360 X 6750 X 5
P=- - -—
1,800,000

or 6.75 in., which, as it exceeds the allowable pitech for
a compression member, will have to be reduced to 6 in.,
the safe Iimit,

While the bending moment is greatest at the centre
of the span when a girder is uniformly loaded, the ac-
cumulation of stress for cach lineal unit is greatest to-
wards the supports, so that though only 53 rivets are re-
quired in the above example between the point £ and the
abutment, they should be, to fulfil theoretical require-
ments placed closer together towards the abutment and
spread further and further apart as they advance to-
wards the centre of the girder.

In order to determine what the piteh should be be-
tween each set of stiffeners, or between the points ab,
be, ed, de, ef, and fg, it is necessary to caleulate the
bending moment at each of the points b, ¢, d, e, f, and g.
Upon making the necessary caleulations, these values are
found to be as follows :—

w M, at b = 550.000
w M, at e 1.000.000
w M, at d 1,350,000
wr M, at e 1,600,000
w M, at f = 1,750,000
wr M, at g 1,800,000

Bending moment
Bending moment

Bending moment

Bending moment

Bending moment

Bending moment

By substituting these values in the formunla—
d, VD

P= »
M
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the following data for the pitches between the several
stiffeners is obtained :—

60 X 6750 X 5

Pitch between a and b = ———— — 3.68 in.
550,000
120 % 6750 X 5
Piteh between b and e — - 4.05 in.
1,000,000
180 X 6750 X 5
Piteh between ¢ and d — — = 4.50 in,

1,350,000

240 % 6750 % 5

Pitch between and e 5.06 in.

1,600,000

300 % 6750 X H

Pitch between

and f - - 5.8 in.
1.750,000

360 < 6750 X 5

Piteh between f and g - 6.75in,

1,800,000

These several pitehes ean be modified to suit the prae-
tical requirements of the design of the plate girder.

The orephies] method for determining the piteh of the
rivets in t'e tieal loer of the flange angles, while not
as exaet as the other method, gives results that are suffi-
ciently acenrate for all practical purposes. By means of
a single diagram, which is general in its scope, the pitch
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of the rivets in any plate girder uniformly loaded may
readily be determined with but little caleulation, and
with an expediency that is often convenient. The prin-
cipal of the graphical method for determining the pitch
of the rivets is practically the same as that described in
connection with the graphical determination of the length
of the flange plate. Proceed with the diagram shown in
Fig. 21. This diagram has been drawn to determine
the rivets for the girder of the dimensions shown in
Fig. 20, and loaded, as deseribed previously, with a
uniformly distributed load of 4000 pounds per lineal
foot. 1In considering the diagram, lay off the distance
ab, equal to one-half the span, and to any scale; assume
any height, such as a ¢, and draw the rectangle a, ¢, d, b;
divide the distance a ¢ into any number of equal parts,
and the distance a b into the same number of parts; draw
the lines 1.d, 2.d, 3 d, ete,, and the ordinates from e, f, g,
ete.

Wlhere the several lines interseet, as at hi and j ete.,
draw in the parabola as designated. Before proceeding
with the diagram further, ealculate the gross bending
moment on the girder, which is equal in this case to
WL 4000 > ( 60 % 60 )

— or , 1,800,000 foot-pounds.
8 8

This amount divided by the depth of the girder, which
is O ft. will give 360,000 pounds, the horizontal stress in
either flange. Ilaving obtained this value it is next
necessary to determine the entire number of rivets re-
quired from the centre of the girder towards the abut-
ments through one pair of flange angles.  Since the value
of one rivet equals 6750, the total number of rivets
required will equal approximately 53; having obtained

(&]
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the number 53, divide the distance in the diagram bd
into 53 equal parts, which may readily be done by lay-
ing the seale acioss the diagram until 53 divisions are
included between two horizontal lines a b and ¢ d; pro-
ceed now to divide the length of the line ab into the
number of panels between the abutments and the centre
of the girder. In the case of the girder shown in Fig.
20, there are six panels, or five stiffeners between the
abutments, and the centre of the girder: lay off then the
distances Xy, y z, z w, ete., equal to one-sixth of the dis-
tance ab; from these points just determined draw the
ordinates shown in heavy lines, and through the points
where they interseet the parabola, as at m, n, o, ete., ex-
tend horizontal lines until they intersect the line d b at
the points p, q, r, s, ete.; count the number of divisions
between b and p,p and ¢, q and r, and the number of
rivets required in the first, second, and third panels re-
spectively will be determined.  The rivets in the remain-
ing panels may be determined from rs, st, td. When
the nwmber of rivets has been determined for each panel,
the pitch ean readily be ascertained by dividing the dis-
tance in inches between the stiffeners by the number of
rivets needed.  The results obtained from the diagram
agree closely with the results obtained in the former
caleulations demonstrated, which had for their ultimate
purpose the determination of the necessary rivets in the
flanie ansles of the plate girder shown in Fig. 20,

In designing any plate girder it is well to observe the
fact that only commercial rolled seetions should be used.
Special rol'ed seetions are difficult to obtain, and when
required usually eause delay in the delivery of the work.
The plate girder should always be of such size that it
can readily be shipped to its destination.

When it occupies more than one freight car—that is,
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when its length extends through two cars—it should be
crected upon the car upon suitably pivoted bearings, so
that it may turn with the direction of the cars in taking
the ecmives,  The girder should be properly braced for
shipment, and should be thoroughly painted before leav-
_ ing the shop with one coat of red lead and linseed oil,
I care heing taken to observe that all seale from rolling
1 and all rust have been carefully cleaned off with a steel
brush,

Upon the data given the girder shown on Fig, 24,
has heen designed and the drawing shows fully the
standard details of construction employed in the best
work by conservative engineers,
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TABLE FOR DETERMINING TIE FLANGE AREAS OF PLATE
GIRDER.
Span
in
Feet
Depth of Girder from C to € of Gravity of Flanges,
: BE B a8 10

10 059 055 053 050
11 0TS 06D L06h 061 058 L0455
12 080 075 071 0.63 060
13 O8T L0811 07T 0068 L0635
14 003 JOST 083 073 070
15 000 004 0SS 079 075
16 07T 1000 094 UL SR
17 06 L1000 005 089 085

060 1000 0095 000
A120 105 100 005
A17 0 111 105 100
A28 17 110 105

. 110

A0 A5
t B L 120
4T 125 :
| 180
AL 35
465 110

171 B E N

ATT 150

A83 155

} ASS 160
A04 165

| 200 A70
‘ g 175
80

A85

I 100
95

200
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STRUCTURAL STEEL

It is proposed to give a short deseription of the
principal rolled sections in steel commoniy used in
ordinary riveted construction, and some practical re-
marks on their use.

Angles. The angle-steel, or, to use the older nomen-
clature, the angle-iron, is perhaps the most commonly
in use among all those sections of material which go to
make up riveted work. It may be equal-legged, as in
Fig. 1, or unequal-legged, as in Fig. 2.

Fig. 1. Fig. 2.

The equal-legged angle in its ordinary form has a
rectangular outline with a square corner on the out-
side, the interior faces being sometimes slightly ta-
pered with a connecting round in the inner corner,
and the edges rounded off to a quadrant of small ra-
dius.

These tapers and the radii of ‘the roundings are not
quite the same in all section books, varying with the

1
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shape of the rolls of the respective makers, although
proposals for the adoption of a uniform standard in
this as in other sections have not been wanting.

The unequal-legged angle presents the same general
characteristics, while its name speaks for itself. Both
the equal- and unequal-legged section is of uniform
thickness, without taper.

Variations from these forms are found in the acute-
angled angle and the obtuse-angled angle, used where
oblique connections of riveted work have to be made.
The nse of acute-angled angles is attended sometimes
with the difficulty of getting the rivets into the acute
angle, which must be borne in mind in these cases, it
being sometimes necessary, if the angle of connection
is very acute, to use a bent plate of sufficient dimen-
sions in lieu of an angle.

Fig. 8. Fig. 4.

Both equal- and unequal-legged angles are also rolled
with a round back, as in Fig. 3. They are most com-
monly used to effect the splice in the main angles
of plate or lattice girders, an example of which is
given in Fig. 30, the round back of the connecting
angle fitting into the interior rounding of the main
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angles to be spliced. This method of splicing the main
angles of a riveted plate girder is the one most com-
monly adopted, and leads to the consideration of the
net sectional area of the angles to be spliced, the cor-
responding thickness of the angle cover, which must
necessarily be greater than that of the main angles, and
as a consequence the spaces left for the rivets, their
heads, and the amount of metal left outside them.

When, however, angles are used for ties or struts,
either singly or in pairs, as in roof trusses, it becomes
a simple matter to splice each leg of the angle with
a flat of suitable width and thickness.

Another variation in the equal- or unequal-legged
angle is that in which the legs are rolled of equal
thickness without taper, and the edges and corners,
both internal and external, are square and sharp. This,
however, is usually considered a special section, and
not frequently adopted in ordinary riveted work.

A section of angle-iron used frequently in the frames
of ship or caisson work, as beams subject to trans-
verse stress, is the so-called bulb-angle, shown in Fig.
4. This angle is usually unequal-legged, the object
of the bulb being to increase the moment of inertia of
the beam in the plane of its greatest depth as a beam,
while it also serves the purpose of thickening and
rounding the edge of the angle where exposed to pass-
ing traffie, ete.

The bulb may be rolled on one side of the longest
limb as shown, or on the opposite side. The sectional
area of the bullh varies slightly with different makers,
but is standardized in the standard section.

According to the usual practice, the vertical limb or
web with the bulb is made parallel, the taper being
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given to the other limb of the angle. In the standard
section of bulb-angle, both limbs are of uniform thick-
ness, there being no taper. If the section be inereased
beyond a certain minimum thickness the dimensions
of the sides are increased proportionately, while the
bulb retains the same projection from the face of the
web.

The uses of angle-steels are multifarious. In addi-
tion to their primary function of connecting members
of a structure in planes at right angles to one another,
such as the web and flanges of a plate girder, or in
oblique econnections, they are also found used to a
great extent either as beams, struts, or ties. As beams
we find them in purlins to roofs, as secondary beams
in a variety of structures, in the framing to sides of
corrugated iron sheds, and the like. As struts they
are employed in the members of lattice girders, in
the compression members of roof principals, and as
secondary bracing where some lateral stiffness is re-
quired in a number of cases. As ties they appear
more or less successfully in the tension members of
light trusses, but their effective use in tension is some-
what qualified by the necessity of securing them in
many cases by one leg only. This remark also applies
under similar conditions to their use as struts. In
this latter capacity they will be further referred to.

The selection of the dimensions and scantlings of
angles will be determined by a variety of considera-
tions depending on the use to which they are put. As
connecting members simply we shall find their dimen-
sions ruled to a large extent by the size of rivets em-
ployed, the bearing stress allowed, and so on; as beams,
by their moment of inertia; as struts, by their least
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' STANDARD BASES FOR CHANNEL COLUMNS
“ Dist. A { Column i | Size of Bne | Size of Gussets
T S s Y0 i)
=== | - | 15" I 227 ‘ 28°x1)"x2'- 87 21°x}"x2'- 8°
[ . . ‘ 137 25 x1° x1'- 8 12 x; x1'- 8
8 ] 13 214 24 x1} x3'- 0 | 21 x3 x3'- 0
. i . | 130 24 x1° x1'-10 | 12 x{ %1°-10
3 [ 12 | 182 | 21 x1} x2'-11 g 21 x} x2'-11 r
: f & | 83 | 2 x1” x1'-4 | 3
: 10 | 136 | ¥ xl =2'-3 i %
| _ : - | 69 I 0 xy x1 2 | R
3} v | ot | 18 xI x1'-11 : 2
53 | . ‘ 7| 18 xj x1'-1 ‘ —-
5! 3 | a1 * 16 x1 xU-11 | s
53 s 45 16 x{ xi'- el
5} 7 85 | 15 x1 x1"-10 : -
- - | 39 15 x§ x'-11 <
a 6 66 14 xl xt'-7 a
53 ) 32 12 xi x) -1 ' 3
L g
!w igh o = | 2 ~
s sig o] Size of Angics !“;.;z’.‘::‘ eieget] o,
6"x4"x}"x2'- §" 6"x6"x1"x1' - 0° 126 n 708
ry 6 x4 xj xI1'- 8 6 x4 x! x1 0 66 7 28
6 x4 x} x3'- 0 3 x6 130 11 722
15" column for 227 tons | 6 x4 x§ x1'-10 66 7 279
13" column fir 2i4 tous 6 x4 x4 x2'-11 126 i1 658
12" columin for 182 tons 6 x4 x§ x1'- 4 5 3 | 149 b
15" column for 137 tons 12* column for 83 tons | 6 x4 x3g '\,')‘ ;j - d : 306
13 &olumn for 130 tons 10 ¢ lumn ior 69 tons = ‘ 6 x%vxi o s :") :} ‘11";
1Q column for 136 tons 9 colu un tor 574 tons 176 11 ).' 2 ")i"
9 coiumn for 104 tons 8 co:umnn ‘or 45 tons | o 1 <9 2 8
8 columpy for 91 tons 7 couan fir 39 tons “"l' ii' ', 21.2
7 column for 83 jons G columa fur 32 tons 4_ | Tj; - "(‘
6 column for 66 tons l‘,"_ ] 2.‘5 6 199
3 21 3 | a9
Bearings on Foundations 500 Ibs. per sq. in. 124 ix§ 37 6 | 167
28 6 x3ixg x0"-11 21 3 | 52
Submitted by-L. A. Starrett I

Safe Loads in Tons of 2000 Ibs r St’d Angles used as Columns with Square Ends

50000 -
P=Ultimate strength in pounds per square inch. P=— ol
L=Length of column in feet (12XL)?
Y =Least radius of gyration in inches, at Axis, 2—2. 1+
56000 r2 /\
=Safe load in tons per square inch. P a—oAK \—\'rz
4x200 Safe load on column in tons = A C/ O
A =Area of section in square inches. 4x2000

5000=Ultimate compressive strength of material in pounds per square inch.

o | ————— e

SizeofAngle [Weighiper| Arcact [Least Rad LENGTH IN FEET

Inches ___Lbs Sq. Inches| Inches 2 s ! 8 ‘
6 x6 x7/8 33.1 9.74 1.16 | 60.27 51.36/
6 x6 x7/16 17.2 5.06 1.19 31.3 7 lTI:
4 x4 x3/4 18.5 5.4 77 33.33; 32 3.58|
4 x4 x38 9.8 2.86 7 17.52) 504
3}x31x58 13.6 3.99 67 | 24.21f I8 15.27 3
34x31x38 8.5 2.49 63 15.10 2.15 1038 33
3 x3 x58 11.5 3.36 .58 | 20.19 1.40, 11.60| 9.26| 7.88 5.v9 4.92 1 14 2. 69
3 x3.x14 4.9 1.44 59 8.65| 6.54 ».44] 4.36] 3.55 2 -,mi S.40 2 ».l 1.70{ 1.45 1.2

| |

21 x 2} x1/2 7.7 2.25 .48 $ 2.2 9.83| 8.65 © m' 5.15| 4.020 3.19] 258 2.02 1.76{ 1.5/
2ix2ix1/4 4.1 1.19 49 ? 6. 5.27| 4.77 3.73| 2.43 2. 1 \‘ 1 :~1: -‘ 0 :...I 0.88
2 x2 x7/16 5.3 1.56 .08 8.79| 7.80| 6.73| '5.69, 4.88 3.5.‘11 2.59| 1.9 1.57) 1 ‘Zl‘[ 0 9'.’ |
2 x2 x3/16 3.5 a2 .39 4.10| 3.63] 3.17] 2.70, 2.30| 1.66; 1.52| O. U.T-::‘ 0.57] 0 47} !
13x13 x7/16 4.6 1.34 .34 7.41] 6.44] 5.47| 4.57| 3.38] 2.32] 1.65 1. O.‘.:Ll
1§ x 1§ x3/16 2.2 .63 35 3.48| 3.03] 2.57| 2.14| 1.78| 1.27| 0.89 0. 0.51 )
14x 14 x38 3.4 .99 .29 5.20 4.33] 3.03| 2.83| 2.17| 1.64] 1.0 0. | |
14x13x178 1.3 .36 30 1.92| 1.61] 1.3)] 1.07] 0.93] 0.64] 0.46| O. {
1} x1} >x14 2.0 .57 .24 2.7 2.19| 1.68) 1.30] 1.00] 5.64] 0.44] 0.3: !
1}x1} x1/8 G | .30 24 1.46/ 1.15 .88 68| 0.57] 0.36] 0.20[ 0. s
1x1 x3/16 1.2 .34 .19 1.48) 1.07 7 56| 0.43] 0.26/ 0.18 |
1 x1 x1p 8 .24 19 1.04 75 54 40, 0.33| 0.20{ 0.15 :
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radius of gyration. But in most cases considerations
of rivet spacing in connections, ete., will be ruling fac-
tors in the design; and the young draughtsman will
in this, as in so many other cases, be wise in drawing
all doubtful details full size, or to a large scale, before
he finally determines his section,

Tees. The tee-steel, or tee-iron, ranks perhaps next
to the angle in general utility. Its general form is
shown in Fig. 5. The proportions of top table to stem
or web are very variable, and the error of misde-
scription of the dimensions is one very frequently

Fig. b.

found on drawings, rectified, it may be, by dimen-

} sioning the members, but the young draughtsman will
| do well to remember that a 6”x3” tee is by no means
& the same thing as a 3”"x6” tee. He will probably as-

certain this to his cost if he specifies the one in mis-

‘ take for the other, in the absence of a figured section.
The width of top table is the dimension first quoted.

The top table and stem are usually both slightly

\ tapered, and connected by roundings of small radius,

T
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the corners of the extremities of the limbs being some-
times rounded and sometimes square. A variation
sometimes found is when the top table is of uniform
thickness and the stem tapered, or vice versa.

The standard section of tee has the web tapered,
the edges of the top table being rounded off beneath.
while the edge of the web is square.

Tees are commonly used as beams, as in the case of
purlins, secondary bearers in fire-proof floors, and the
like. As struts they are a favorite section for the
compression members of roof trusses of moderate span,
lattice girders, ete., also as stiffeners to the webs of
plate girders. As ties their use is more limited, there
being some difficulty in making such an end connec-
tion as will effectively bring into play the whole cross-
section of the metal. Tee struts will be further re-
ferred to in the chapter on columns.

The proportions of tees to be adopted in any par-
ticular detail will, apart from the value of their mo- g
ments of inertia when used as beams, or of their least [
radius of gyration when used as struts, be frequently
ruled by the dimensions and spacing of their riveted
or bolted connections. Thus, to take a familiar ex-
ample, the tee stiffener to the web of a plate girder
will require a width of top table or flange sufficient
to take the rivets required in a joint of the web plat-
ing, which again will be ruled by the shearing stresses
in the web, and the number and diameter of the riv-
ets required. Or supposing, in the case, let us say,
of a foothridge with timber floor secured to tee bear-
ers by bolts or coach-screws, the top table of the tee
must be of width enough to receive screws or bolts
of the diameter required, with a sufficient amount of

A
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metal- outside the hole, and sufficient space between
the stem and hole for the nut of the Loit or Load of
the lag-serew. Such elementary considerations may
bear the aspect of truisms, but careful attention
to points of detail such as these will always be found
to characterize sound ironwoils design.

Bulb Tees. A tee section with a bulb rolled on the
lower extremity of the stem constitutes the usefn! soc-
tion known as bulb tee or deck beam. This section is
used to a considerable extent in shipbuilding, and oc-
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Fig. 6. Fig. 7.

casionally in purlins and similar beams. The moment
of inertia is inereased by the bulb, which also forms
a finish to the lower edge of the stem, which is usually
rolled with parallel sides, the top table or flange hav-
ing a taper similar to the flange of a rolled beam.
The area of the bulb and relative thickness of stem
and flange vary somewhat in different rolling mills,
but are standardized in the standard section.

I Beams. This well-known, most useful, and de-
servedly popular section is shown in Fig. 7.

|
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The web is most commonly rolled with parallel sides,
the flanges being tapered, and connected to the web
with roundings in the internal corners. The propor-
tion of web thickness to flange thickness, the amount
of taper on the latter, the radii of the roundings, have
been, as in other sections, variable with different mak-
ers. These proportions exert some influence on the
precise values of the moments of inertia and resist-
ance, and the manufacturers of this section frequently
give in their trade catalogues the mechanical elements
and exact proportions of the sections rolled by them.
This course is commendable in preference to the com-
pilation of tables of strengths in which the data of
the calculations are absent. '

In the standard section the thickness of web and
flanges, the taper of the latter, and the radii of the
connecting curves, are all standardized.

The depths of this section as usually found in the
market range from 3 inches to 24 inches, and the
width of flange from 214 inch to 8 inches.

This width of flange has recently been exceeded in
continental rolling mills, and the section thus produced
offers considerable advantages in column design ow-
ing to the inerease of the least radius of gyration, and
in the arrangement of details in connections, where
the additional space afforded is often very convenient.
Notwithstanding the width of flange the section can be
very cleanly rolled, right out to the edge of the flange,
and straight and true in its length.

The proportions of depth and width require careful
consideration when selection is being made of a see-
tion suitable for the purpose in view. The economy of
this section as regards riveting, and the facility with
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which, aided by the table of strengths obligingly fur-
nished by the manufacturer, the selection of a section
for strength can be made, undoubtedly contribute to
the favour in which the rolled beam is held. It is
questionable, however, as a matter of taste, how far the
indiseriminate use of the section, especially in the
largest sizes, contributes to the artistic appearance, if
it may be so called, of well-designed ironwork, and
it must be confessed that economy of both cost in
manufacture and painstaking in design are frequently
attained at the expense of appearances. It is to be
feared, however, that any regard for appearances in
structural steelwork, if it implies any increase in cost,
real or imaginary, will in these competitive days be
regarded by many as an economic heresy.

No universally recognized standard of proportion
of the flanges and web of rolled beams had, up to a
recent period, been arrived at by manufacturers. Pub-
lished lists of sections show considerable variation in
the proportion of web thickness to tlange width, of
web thickness to height of joist, of mean thickness of
flange as compared with width, or with height of joist.
The thickness of web is found to range between seven
and twelve hundredths of the flange width in beams
of 315 inches width of flange and upwards, and may
be taken to average about eight hundredths. In beams
under 3% inches in flange width the web will average
about one-tenth of flange width. The mean thickness
of flange is equally variable, and will be found to
range between five and nine hundredths of the height
of beams in beams above 6 inches high. In shallower
beams the mean flange thickness will range from
eight to twelve hundredths,
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The maximum moment of inertia of the cross-section
will inerease in value per unit of area as the web be-
comes thinner, but the student need not be reminded
that the moment of inertia is not the only standard
of the ultimate actual strength of the beam. Apart
from the practical requirements of the rolling mill
the web must be thick enough not only to withstand
the usual web stresses, but also to resist the effects
of corrosion, and to assist the top flange to resist the
buckling tendeney under eompression which is found
in practice to limit the strength of the beam when
not supported laterally, the compression flange under
these conditions usually failing by lateral flexure be-
fore the full tensile resistance of the metal in the lower
flange has been attained.

Within the usual limits of variation of web thick-
ness as rolled by different manufacturers, the maxi-
mum value of the moment of inertia compared with
the total sectional area or weight per foot run will be
attained when the flange thickness is from nine to
ten hundredths of the height of the girder, but the
economic efficiency is practically equally as great be-
tween the limits of six and twelve hundredths, and
the lower value of flange thickness is the one more
usually found in beams over 6 inches in height.

It is customary to specify the width of flange and
total depth coupled with the weight per lineal foot of
the rolled beam required, and this is doubtless the
most desirable course to pursue. It leaves, however,
the exact relative thicknesses of web and flanges an
open question, though the total sectional area is of
course governed by the weight per foot. If, on the
other hand the designer specifies the thickness of web




e

STRUCTURAL STEEL 1

or flange, he must in all probability be prepared to
accept the section rolled by some one particular maker,
and in such a case he will do well to follow the di-
mensions given in the trade section books. These re-
marks do not of course apply to the use of the stand-
ard section, where the thicknesses of web and flanges
for the given depth, width, and weight are standard-
ized. As regards the values of the moment of inertia
based upon the proportions of web and flange stated, it
may be remarked that for any weight per lineal foot of
beam of any one particular section, the moment of inertia
; for that weight may for approximate calculations be
‘ taken as simply proportional to the weight per foot.

C

a

Fig. 8.

The value of the least radius of gyration will not
be found to vary materially for any practical varia-
tion of the section within the limits usually rolled.

Channels. This section is represented in Fig. 8.
The web is rolled with parallel sides, the flanges are

) TR
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tapered and connected to the web with rounded in-
ternal angles, and this is the type of the standard sec-
tion. Increase of weight beyond the minimum section
is obtained mainly by an increase in web thickness.

This section is frequently used as a beam in small
bearers, as a strut in the compression members of lat-
tice girders and roof trusses, and in riveted columns,
while it is occasionally useful in certain connections
as taking the place of two angles.

If a small section of channel is required having a
rivet through the web, as, for example, in the case of
two channels crossing one another, back to back, and
riveted together, care must be taken in the selection
to secure one wide enough to permit of the formation
of the point of the rivet. For this reason in such cases
a small angle will frequently be found preferable to a
small channel.

Z Bars. This useful section is shown in Fig. 9. It is
largely used in the frames of ship and eaisson work,
having a eonsiderable moment of inertia for its weight,
as compared with angles or tees, with ample width of
flange for riveted connections,

The web is rolled with parallel sides, the flanges hav-
ing a taper and being connected to the web by curves
at the internal angles. In the standard section the
flanges have no taper, but are of uniform thickness.

Increase of weight beyond the minimum section is
obtained by thickening the web, the width of flange
being slightly increased.

The section is frequently rolled with a uniform
thickness of web and flange, the latter being tapered
as above described, and the quoted thickness being
the mean between that of the root and of the point
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of the flange. The flanges of the standard section
have a thickness in excess of that of the web.

Occasionally the flanges are rolled of unequal width;
this is a convenience where additional width is re-
quired for heavy riveting, and in those cases where the
lesser width of flange is sufficient for the riveted at-
tachments, then the increased width of the other flange
yields a larger moment of inertia.

Further reference will be made to the use of Z Bars
in the practical design of columns or struts.

In the preceding pages the sections which have
been described and of which the principal me-
chanical elements have been given, viz. angles,
equal and unequal-legged, tees, bulb tees or deck
beams, rolled beams, channels, and Z Bars are those
which may be called the elementary or standard sec-
tions, which in combination with plates and bars are
most ordinarily employed in riveted constructional
steelwork. It is not possible to consider in detail the
very numerous forms of rolled sections, other than
those above mentioned, employed for special purposes.
These include, for example, the varied sections of rail-
way bars (bullheaded, bridge, and flat-footed), fish
plates, guard rails, sections of trough flooring (usually
formed in hydraulic presses), quadrant sections for
pile-worlk, half-round, segmental, or cope steels, sash-
bars, and fancy and other sections.

With respect to the use of plates and bars, it is suf-
ficient to point out that the dimensions to which these
can now be rolled are amply sufficient to meet all le-
gitimate demands of the designer of constructional
steelwork, Various makers have their own standard
maximum dimensions to which plates, sheets, or flats
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can be rolled, and it is customary to assign a limit
of superficial area for each thickness of plate, which
is not exceeded without entering into special arrange-
ments. Thus for a 34-inch plate, the limit of area is
given by one authority as 135 square feet, the maxi- '
mum length of plate being 42 feet, and the maximum
width 7 feet 6 inches, it being understood that maxi-
mum length and maximum width are not rolled to-
gether, but that, given the length, the width is such
as not to exceed the limit of area, or vice versa. Again,
for a plate 7% inch thick, a limit of 250 square feet is
given, the maximum of length and width being 56
feet and 10 feet respectively.

14 STRUCTURAL STEEL
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With respect to flats, usually so called when the
width does not exceed 12 inches to 15 inches, the availa-
ble length obtainable without joint will usually be
found to meet all practical requirements, as other con-
siderations, such as the maximum length permissible
for transport or shipment, very frequently rule the
case.

Lattice Girderwork for Roofing. As an example of
this application of girderwork, details will now be
given of a lattice girder of 53-foot span supporting
a series of roof principals.

Fig. 10 gives a skeleton outline of ‘the triangulated
girder the principals being carried immediately over
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the vertical struts, as shown, p, p, p. The girders are
carried on side columns and a center column as shown,
but are not continuous, and a roof principal does not
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occur over the center column. The general arrange-
ments at side and center columns are shown in Figs.
11 and 12, while the details of connections are shown
to a larger scale, for the side column in Figs, 13, 14,
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and 15, the latter being a section of that portion of
the column to which the girder is attached, and for
the center column in Figs. 16, 17, and 19. The normal
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Fig. 14,

section of the girder is shown in Fig. 18. The details
of the apices of the triangulations, or the intersections
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of the web bracings with the flanges, are shown for
apices 2, 4, 6, and 8 in Figs. 20, 21, 22, and 23, and
for apices 1, 3, 5, and 7 in Figs. 24, 25, 26, and 27,
showing the riveted connections. These are examples
on a small scale of oblique connections, and may be
studied in connection with those for roof-work.
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In Figs. 28, 29 and 30 are given the details of
the angle and flange plate joints in the girder, which
oceur between apices 6 and 7 in the top boom, and
break joint in the bottom boom, thus dividing the
girder into two lengths for convenience in transport,
and keeping the lengths of angles and plates within
ordinary limits,
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Fig. 31, a simple flat bar, is
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met with as a strut or

compression member in the webs of multiple lattice
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girders. It is obviously weak
least radius of gyration, and is

in the direction of its
prevented from failure

in that direction by the frequent intersection of the
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tension diagonals and the use of stiffening vertical
members.  Qutside the particular application men-

Fig. 28.
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tioned, it is not frequently used as a compression
member, being obviously less adapted for that pur-
pose than other and stiffer sections.
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Fig. 30,

Fig. 32 is an example of the use of flat bars in pairs,
frequently used as compression members in the diag-
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onals of roof prineipals of small span, say up to 30
or 40 feet or thereabouts. The bars are usually pin-
connected at the ends, and swelled apart at the centre
by cast-iron distance pieces as shown. It is a con-
venient form of strut for licht loads, but is apt to fail
by weakness at the ends, the bars buckling near the
pin connections,

Fie. 33 is a simple angle, either equal or unequal
legeed secetion. This seetion is in common use in the
compression  diagonals of small lattice girders and
as a single angle in the rafters of small and light

roof prineipals and their diagonals.

Fig. 81.  Fig 82.  Fig. 33, Fig. 84,

The double angle shown in Fig. 34 is a variation of
the same type used for the same purposes where the
loads are heavier. The angles are occasionally riveted
close together, back to back, and thus form practically
a riveted tee. The mode of attachment of the single or
double angle as a compression member is nearly al-
ways of one leg only. Under these conditions the dis-
tribution of stress is conceivably very unequal over the
whole cross-seetion, and it is to be regretted that while
numerous experiments have been carried out upon the
ultimate strength of angles in compression, so little
has been done to elucidate under actual practical
working conditions the ultimate strength of angles




26 STRUCTURAL STEEL

connected in the usual way, and with the direction of
the compressing forces out of center with the center
of figure of the seection.

A further elaboration of the use of angles is given
in Fig. 35, which is a somewhat special section, occa-
sionally used in the compression diagonals of roof
trusses of large span. The four angles are brought
near together at the ends and swelled out at the
center by cast-iron distance pieces.

Fig. 85. Fig. 86, Fig. 37.

A more simple example of the use of four angles is
given in Fig. 36, also used as a compression member
of large roof trusses, and consisting of four angles
connected by internal stiffening plates at intervals as
shown, or by light lattice bracing in the same planes.
Such a strut is frequently pin ended, but may also be
riveted and ““fixed’” ended. This strut is an example
on a small seale of the type shown in Fig. 55, which
is intended for large columns with heavy loading.

Fig. 37 will be at once recognized as the compres-
sion or top flange of ordinary plate or lattice girder
construction of moderate spans. The increase of see-
tional area required is usually obtained by increasing
the thickness or number of the plates.

= E———
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Fig. 38, showing a simple tee section, is in common
use as the rafter or compression member of roof trusses
up to about 40-feet span, and in their compression
diagonals. Its place is sometimes taken by the double
angles shown in Fig. 34. It is also frequently used as
the upper flange of small lattice girders or trussed
purlins in roof work.

The double tee (Fig. 39) is used in the compression
diagonals of large roof trusses, especially in those
types of ‘‘crescent’’-shaped prineipals, where the

Fig. 38, Fig. 89, Fig. 40.

stresses in the diagonals are not great. In such cases
the double tees are brought near together at the ends
and swelled out in the center with cast-iron distance
pieces, and are not so liable to the local weaknesses
that may oceur with the use of double flats, as in
Fig. 32.

Fig. 40 is the simple channel, frequently used alone,
but perhaps more commonly in combination, either in
pairs, as in Figs. 41, 43, or as in Fig. 52.

Fig. 41 gives a pair of channels connected by lattice
bars on both sides, and forming an open section used
in the compression rafters of roofs of considerable

R %
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span, say from 70 to 100 feet, as ordinary columns,
or in compression members in large triangular girders.

Fig. 42 is the same combination of channels, but
with a solid plate conneetion on the one side and open
latticing on the other, used for similar purposes to
those above mentioned, but where heavier stresses
have to be provided for.

10TT

Fig. 41. Fig. 42,

Fig. 43 shows a section of column frequently used
for heavy loads in buildings, warehouses, dock sheds,
and the like, consisting of two channels and two solid
plate sides forming a closed ecell.

Fig. 44,

Fig. 44 is a form of seetion composed of four chan-
nels as shown,
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Fig. 45 shows an effective section consisting of four
channels connected at the external corners by four
angles, ,

We now approach a group of sections in which the
rolled beam is the principal feature, used to a very
large extent in ordinary building construction, and
which combine a considerable amount of stiffness with
simplicity and ease of construction, and economy in
riveting.

Fig. 46.

46 is the simple rolled beam, in which no rivet-
ing is required except in end conneetions when used
as a plain column or strut. The principal defeet in
this section is the inequality of the radii of gyration
round the axes severally square to the web and flanges.
In columns or struts exposed to lateral shock the lia-
bility to flexure in a plane square to the web must be
borne in mind. This defect has apparently been ree-
ognized by some manufacturers, who have produced
a section of rolled beam of exceptional width in the
flange. This weakness is also to some extent corrected
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in the next development of this form of column shown
in Fig. 47, where plates (one or more in thickness)
are riveted to the flanges of the rolled beam, whereby
the moment of inertia round the axis parallel to the
web is increased. This section is very useful, and is
largely used in columns for general building purposes.

Fig. 47. Fig. 48,

Fig. 48 shows a pair of rolled beams, connected by
plates as shown, or by a system of lattice bars in the
same planes. A practical example of this type on a
large scale will be referred to in detail hereafter.

Fig. 49 shows a strong column for heavy loads, com-
posed of three rolled beams connected by plates as
shown, or by latticing.
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Fig. 50 shows a combination of three rolled beams
which is the prototype in miniature of the more elab- I
orate section shown in Fig. 58.

Fig. 50. Fig. b1.

Fig. 51 shows the same combination, with the addi-
tion of external flange plates, which may be replaced
either by latticing or flat stiffening plates at intervals.

Fig 52.

Fig. 52 gives a column composed of one rolled beam
and two channels, a simpler form of the type shown in
Fig. 56,
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It not unfrequently happens that a built-up section
of plates and angles, though more expensive, offers
greater facilities to the designer in certain details of
connections or in arrangement of cross-section than
a simple rolled section of similar type of outline, and
so we frequently find the built-up seetion consisting
of a plate and four angles, shown in Fig. 53. This
seetion, similarly to that shown in Fig. 47, may be
further elaborated by the addition of flange plates
riveted to the angles.

Fig. 53,

Fig. 54 gives a box section of great strength and
stiffness, frequently used in eolumns earrying heavy
loads. The same amount of metal disposed as shown
in Fig. 55 will yield a greater uniformity in the value
of the radii of gyration about different axes, but the
riveting is more difficult to get at, and must be dealt
with in a manner similar to that adopted in ships’
masts, sheer legs, derricks, ete.

Fig. 56 gives a valuable section, of good appearance,
and great stiffness in all planes, composed by the ad-
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dition of channels riveted to the section shown in
Fig. 53.

Fig. 55, Fig. 56,

Figs. 57 and 58 show types of built-up sections of
plates and angles adapted to meet special conditions
in large columns carrying heavy and diverse loadings.

<A
A“_Aa-d*g




34 STRUCTURAL STEEL

The use of these sections will be further alluded to
in detail.

>

Fig. 58,

i Figs. 59 to 61 give sections of columns composed
largely of Z Bar sections combined with plates or lat-
ticing.

Fig. 59. |

i Fig. 59 is composed of four Z Bars and one central
plate. Fig. 60 is of similar section, with additional
plates on the outside. Latticing may take the place
of these outside plates.
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Fig. 61 shows a similar combination with the Z’s
turned the reverse way, the metal being disposed to

Fig. 60.

better advantage, though the appearance of the col-
umn is perhaps not so satisfactory.

Fig. 61,

Figs. 62 and 63 are sections of a more or less special
nature, somewbat less simple in their end connections
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and the details connecting them with other members
than the types above considered.

Fig. 62 is composed of four tees, or four sets of
double angles, disposed as shown and connected by
bent plates, or trough sections.

Fig. 62.

Fig. 63 is a section of a type of column made up of
the so-called trough sections used for flooring and

206

Fig. 63. Fig. 64,

decking. This combination produces a column of
great strength and stiffness, though not so well
adapted for secondary connections as others.
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The use of the circular column in any other material
than cast iron in ordinary building construction is
somewhat limited. Its use in cast iron in the type of
section shown in Fig. 64 is too universal and well
known to need any further description.

The circular section in mild steel may in small col-
umns take the form of welded tubes. and in larger
sections of plates bent to a cireular curve and butt-
jointed with covers.

Fig. 65. Fig. 66,

In this form we find its use on a large scale in sheer
legs, ships’ masts, derrick poles, and oceasionally in
bridge work of very large span. In such structures
the cireular plate is frequently stiffened internally,
and in sections of sufficient size manual labor inside
the tube is used for the purposes of riveting

In Figs. 65 and 66 we have the section g-iecraily
known as the Phenix. The figure gives an arrunge-
ment in four sections only, but a larcer number may
be employed in accordance with the size required. This
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form is one of great stiffness, and in wrought iron has
given very high results in the testing machine, possi-
bly owing to the mutunal support given by the form
of seetion and the stiffening ribs, and its consequent
freedom from local weakness in the unsupported part
of the plate.

Secondary attachments offer some little difficulty
with this form of section, and the type most frequently
found is that shown in Fig. 66, where filling strips are
inserted between the flanges of the segments. This
gives the opportunity of insertion of sketch plates
wherever required for attachments, the filling strips
being stopped off as required. Occasionally the strips
are carried right through the diameter of the column.

If we now endeavor to institute a comparison be-
tween the sections which have been above described,
based either on the grounds of efficiency or economy in
first cost, it must be premised that any section ecan
hardly be considered per se without reference to its
surroundings, and the use to which it has to be put.

The requirements in detail of the various secondary
members which may have to be attached to the simple
column will always have an influence in the choice
of seleetion. The design in detail of the eap and base,
the attachments for such fittings as counter-shafting
brackets, the counterbracing as in the case of the piers
to a viaduet, the attachments of traveler, roof, or floor
girders will invariably demand careful consideration,
and the success of the design as a whole will be influ-
enced by the skill with which these details are worked
out.

As regards economy in first cost, other things being
equal, it may be assumed that the section having the
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least amount of riveting will be the cheapest per unit
of weight.

The extent, however, to which the use of simple
sections, with a comparatively small amount of rivet-
ing, can be carried, is governed by all the conditions
of the case, and the amount of load to be carried.

A further comparison may be made of the sections
above deseribed which is not without importance, and
that is the extent to which the surfaces of the re-
spective sections can be protected from the effects of
corrosion, or, in other words, the extent to which the
sections can be got at by the paint brush.

All the simple seetions are fairly accessible, having
latticing on one or both sides and ean be painted
internally, while those with solid plate flanges have
closed cells, which cannot easily be painted under or-
dinary conditions. Such closed cells are not infre-
quently filled with concrete, although the extent to
which this acts as a preservative coating depends
largely on the degree of close contact with the metal
obtainable.
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STRUCTURAL STEEL.

MANUFACTURERS’ STANDARD SPECIFICATIONS,
Revised, February, 1903.

Process of Manufacture.

(1) Steel may be made by either the open-hearth or
Bessemer process.

Testing and Inspection.

(2) All tests and inspections shall be made at the place
of manufacture prior to shipment.

Test-Pieces

(3) The tensile strength, limit of elasticity and duc-
tility shall be determined from a standard test-piece cut
from the finished material.

On tests cut from other material, the test-piece may be
either the same as for sheared plates, or it may be planed
or turned parallel throughout its entire length, and, in
all cases where possible, two opposite sides of the test-
piece shall be the rolled surfaces. The elongation shall
be measured on an original length of 8 in., except as
modified in section (12), paragraph (¢). Rivets, rounds,
and small bars shall be tested of full size as rolled.

Two test-pieces shall be taken from each melt or blow
of finished material, one for tension and one for bend-
ing; but in case either test develops flaws, or the tensile

40
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test-piece breaks outside of the middle third of its gauged
length, it may be discarded and another test-piece sub-
stituted therefor.

Annealed Test-Pieces.

(4) Material which is to be used without annealing or
further treatment shall be tested in the condition in
which it comes from the rolls. When material is to be
annealed or otherwise treated before use, the specimen
representing such material shall be similarly treated be-
fore testing.

Marking.

(5) Every finished piece of steel shall be stamped with
the blow or melt number, and steel for pins shall have
the blow or melt number stamped on the ends. Rivet
and lacing steel, and small pieces for pin-plates and
stiffeners, may be shipped in bundles securely wired to-
gether, with the blow or melt number on a metal tag at-
tached.

Finish.

(6) Finished bars shall be free from injurious seams,
flaws, or eracks, and have a workmanlike finish.

CHEMICAL PROPERTIES,

(7a) Steel for—
Buildings, . .
Train sheds, . . .
Highway bridges and

similar structures, .
7b) Steel for—
Railway bridges, maximum phosphorus, .08 per
cent,

maximum phosphorus,
.10 per cent.
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Prvysican PROPERTIES.

(8) Structural steel shall be of three grades—Rivet,
Railway Bridge, and Medium.

RIVET STEEL.

(9) Ultimate strength, 48,000 to 58,000 pounds per
square inch.

Elastic limit, not less than one-half the ultimate
strength.
1,400,000

Percentage of elongation, —————
tag g ultimate strength.

Bending test, 180 degrees flat on itself, without fraec-
ture on outside of bent portion.

STEEL FOR RAILWAY BRIDGES.

(10) Ultimate strength, 55,000 to 65,000 pounds per
square inch.

Elastic limit, not less than one-half the ultimate
strength.
1,400,000

Percent longation, ——"————
sresntage of dongatio ultimate strength.

Bending test, 180 degrees to a diameter equal to thick-
ness of piece tested, without fracture on outside of bent
portion.

MEDIUM STEEL.

(11) Ultimate strength, 60,000 to 70,000 pounds per
square inch.
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Elastic limit, not less than one-half the ultimate
strength.

1,400,000

ntage of el ion, ———"—————
Peroentag sigmtics, ultimate strength

Bending test, 180 degrees to a diameter equal to thick-
ness of piece tested, without fracture on outside of bent
portion.

Modifications in Elongation for Thin and Thick Material.

(12) For material less than 5-16 in. and more than
34-in. in thickness, the following modifications shall be
made in the requirements for elongation:

(a) For each increase of 14-in. in thickness above 34-in.,
a deduetion of 1 per cent shall be made from the
specified elongation, except that the minimum
elongation shall be 20 per eent for eye-bar ma-
terial and 18 per cent for other structural ma-
terial.

(b) For each decrease of 1-16-in. in thickness below 5-16-
in., a deduction of 214 per cent shall be made
from the specified elongation.

(¢) In rounds of 5%-in. or less in diameter, the elonga-
tion shall be measured in a length equal to eight
times the diameter of section tested.

(d) For pins made from any of the before-mentioned
grades of steel, the required elongation shall be 5
per cent less than that specified for each grade,
as determined on a test-piece, the centre of which
shall be 1 in. from the surface of the bar.

—m“

!
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Variation in Weight.

(13) The variation in eross-section or weight of more
than 214 per cent from that specified will be sufficient
cause for rejection, except in the case of sheared plates,

; which will be covered by the following permissible varia-
i tions:
%\ (a) Plates 1214 lbs. per square foot or heavior, up to
i i 100 in. wide, when ordered to weight, shall not
: average more than 214 per cent variation above
or 2145 per cent below the theoretical weight.
When 100 in. wide and over, 5 per cent above
or 5 per cent below the theoretical weight.

(b) Plates under 1214 1bs. per square foot, when or-
dered to weight, shall not average a greater
variation than the following:—

Up to 75 in. wide, 2V, per cent above or 2%
per cent below the theoretical weight; 75 in.
el wide up to 100 in. wide, 5 per cent above or

3 per cent below the theoretical weight. When

100 in. wide and over, 10 per cent above or 3

i per cent below the theoretical weight.

M (¢) For all plates ordered to gauge, there will be per-
t mitted an average excess of weight over that
H corresponding to the dimensions on the order
i equal in amount to that specified in the follow-
i ing table:

| TABLE OF ALLOWANCES FOR OVERWEIGHT FOR RECTANGU-
i { LAR PLATES WHEN ORDERED TO (GAUGE.
'

Plates will be considered up to gauge if measuring not
over 1-100-in. less than the ordered _
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The weight of 1 cubie inch of rolled steel is assumed
to be 0.2833 pound.

PLATES Y{-INCH AND OVER IN THICKNESS,

WIDTH OF PLATE.
Thickness of
Plate. ‘ -
Inch. Up to 75 in.|75t0 100 inches.|©" “;l}:_mm:' 115 (’l;l‘(‘;"}l'
Per cent. |  Per cent. Per cent. Percent,
1
A 10 14 18
5 8 12 16
% 7 10 18 17
1 6 8 10 13
7 5 7 9 12
1 4% 6% 8% 11
7 4 6 8 10
1 »
Over /8 3% 5 6% 9
PLATES UNDER /4-INCH IN THICKNESS,
WIDTH OF PLATE.
Thickness of Plate, i — R S _—|
Inch. Up to 50 inches, 50 to 70 inches, Over 70 inches, {
Per cent. Per cent. Per cent
y 5 ) 0,
8 UP to 3T 1( 15 20
5 ‘ K
% . 1% 8% 12% 17
v b 7 10 15

STRUCTURAL CAST-IRON.

Except when chilled iron is specified, all castings shall
be tough grey iron, free from injurious cold-shuts or
blow-holes, true to pattern, and of a workmanlike finish.
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Sample pieces, 1 in. square, cast from the same heat of
metal in sand moulds, shall be capable of sustaining on
a clear span of 4 ft. 8 in. a central load of 500 pounds
when tested in the rough bar.

SPECIAL OPEN-HEARTH PLATE AND RIVET
STEEL.

Testing and Inspection.

(1) All tests and inspections shall be made at the place
of manufacture prior to shipment.

Test-Pieces.

(2) The tensile strength, limit of elasticity and duetil-
ity shall be determined from a standard test-piece cut
from the finished material.

On tests cut from other material, the test-piece may
be cither the same as for sheared plates, or it may be
planed or turned parallel throughout its entire length,
and in all cases, where possible, two opposite sides of
the test-piece shall be the rolled surfaces. The elonga-
tion shall be measured on an original length of 8 in.,
except as modified in section (12), paragraph (c). Rivet
rounds and small bars shall be tested of full size as
rolled.

Four test-pieces shall be taken from each melt of fin-
ished material, two for tension and two for bending ; but
in case either test develops flaws, or the tensile test
breaks outside of the middle third of its gauged length,
it may be discarded and another test-piece substituted
therefor.




STRUCTURAL STEEL 47

Annealed Test-Pieces. -

(3) Material which is to be used without annealing or
further treatment shall be tested in the condition in
which it comes from the rolls. When material is to be U
annealed or otherwise treated before use, the specimen ?
representing such material shall be similarly treated be- )
fore testing.

Marking. y

(4) Every finished piece of steel shall be stamped with
the melt number. Rivet steel may be shipped in bundles
securely wired together, with the melt number on a metal
tag attached.

B N N

Finish. 4
(5) All plates shall be free from injurious surface de-
fects and have a workmanlike finish.
CHEMICAL PROPERTIES.
(6a) Flange or }maximum phosphorus, .06 per cent.
boiler steel, sulphur, 04 ¢ |
(60) Extra soft nml}maximum phosphorus, .04 per cent.
fire-box steel, gulphur, 0"
Prysican. PROPERTIES. ‘
(7) Special open-hearth plate and rivet steel shall be
of three grades—ExtrA SorFr, Fire-Box, and FrANGE
or BOILER STEEL. ;
EXTRA SOFT STEEL. %

(8) Ultimate strength, 45,000 to 55,000 pounds per {
square inch. s
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Elastic limit, 'not less than one-half the ultimate
strength.

Elongation, 28 per cent.

Cold and quench bends, 180 degrees flat on itself, with-
out fracture on outside of bent portions.

FIRE-BOX STEEL.

(9) Ultimate strength, 52,000 to 62,000 pounds per
square inch.

Elastic limit, not less than one-half the ultimate
strength.

Elongation, 26 per cent.

Cold and quench bends, 180 degrees flat on itself, with-
out fracture on outside of bent portion.

FLANGE OR BOILER STEEL.

(10) Ultimate strength, 55,000 to 65,000 pounds per
square in.

Elastic limit, not less than one-half the ultimate
strength.

Elongation, 25 per cent.

Cold and quench bends, 180 degrees flat on itself, with-
out fracture on outside of bent portion.

BOILER RIVET STEEL.
(11) Steel for boiler rivets shall be made of the extra
soft grade specified in paragraph No. (8).
Modifications in Elongation for Thin and Thick Material.

(12) For material less than 5-16-in. and more than
34-in. in thickness, the following modifications shall be
made in the requirements for elongation:
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(a) For each increase of 14-in. in thickness above 34-
in.,, a deduction of 1 per cent shall bemade
from the specified elongation. i

(b) For each decrease of 1-16-in. in thickness below |
5-16-in., adeduction of 214 per cent shall be
made from the specified elongation. D

(¢) In rounds of 5-in. or less in diameter, the elonga-
tion shall be measured in a length equal to
eight times the diameter of section tested.

[

Variation in Weight. {

(13) The variation in cross-section or weight of more i

than 214 per cent from that specified will be sufficient 4

] cause for rejection, except in the case of sheared plates, ‘J‘
which will be covered by the following permissible varia- }

tions: ‘

(a) Plates 1214 pounds per,square foot or heavier, up
to 100 in. wide when ordered to weight, shall
* not average more than 214 per cent variation
above or 214 per cent below the theoretical
weight.  When 100 in. wide and over, 5 per ¥
cent above or 5 per cent below the theoretical
weight.
(b) Plates under 1214 pounds per square foot, when
ordered to weight, shall not average a greater
variation than the following:
to 75 in. wide, 214 per cent above or 2145 per
cent below the theoretical weight. 75 in. wide
up to 100 in. wide, 5 per cent above or 3 per i
cent below the theoretical weight. When 100 P
in. wide and over, 10 per cent above or 3 per ‘(
cent below the theoretical weight. {

(=]

Uy




50 STRUCTURAL STEEL

(¢) For all plates ordered to gauge there will be per-
mitted an average excess of weight over that
corresponding to the dimensions or the order
equal in amount to that specified in the follow-
ing table:

TABLE OF ALLOWANCES FOR OVERWEIGHT FOR RECTANGU-
LAR PLATES WHEN ORDERED TO (GAUGE.

Plates will be considered up to gauge if measuring not
over 1-100-in. less than the ordered gauge.

The weight of 1 cubic inch of rolled steel is assumed
to be 0.2833 pound.

PLATES Y4-INCH AND OVER IN THICKNESS.

WIDTH OF PLATE.
Thickness
of Plate.
et | GhieTd lrto0inches. 7L MO 19| Greris
Per cent, | Percent. Per cent, Per cent,
% 10 14 18

T8 8 12 16

% 7 10 13 17

T 6 8 10 13

7 5 7 9 12

I"x 4% 6% 8% 11

b 4 6 8 10

Ovir % £ b 644 9
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PLATES UNDER J4-INCH IN THICKNESS.

WIDTH OF PLATE.

Thickness of
Plate.

Inch.
R Up to 50 inches. 50 to 70 inches. | Over 70 inches.
Per cent. Per cent. Per cent,
%% up to 3’ 10 15 20
g 1% 8% 124 17
f /
% " A ; 10 15

SPECIFICATION FOR WORKMANSHIP.
Inspection.

(1) Inspection of work shall be made as it progresses,
and at as early a period as the nature of the work per-
mits.

(2) All workmanship must be first-class. All abutting
surfaces of compression members, except flanges of plate
girders where the joints are fully spliced, must be planed
or turned to even bearings, so that they shall be in such
contact throughout as may be obtained by such means.
All finished surfaces must be protected by white lead and
tallow.

(3) The rivet-holes for splice plates of abutting mem-
bers shall be so accurately spaced that when the members
are brought into position the holes shall be truly opposite
before the rivets are driven.
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(4) Rollers must be finished perfectly round, and roller
beds planed.

Rivets.

(5) The pitch of rivets in all classes of work shall
never exceed 6 in., nor sixteen times the thinnest out-
side plate, nor be less than three diameters of the rivet.
The rivets used shall generally be 5%, 34, and 7g-in.
diameter. The distance between the edge of any piece
and the centre of a rivet-hole must never be less than
11/ in., except for bars less than 214 in. wide. When
practicable it shall be at least two diameters of the rivet.
Rivets must completely fill the holes, have full head con-
centrie with the rivet, of a height not less than .6 the
diameter of the rivet, and in full eontact with the sur-
face, or be countersunk when so required, and machine-
driven wherever practicable.

Punching.

(6) The diameter of the punch shall not exceed by
more than 1-16 in. the diameter of the rivets to be used,
and all holes must be clean cuts without torn or ragged
edges. Rivet-holes must be accurately spaced; the use
of drift pins will be allowed only for bringing together
the several parts forming a member, and they must not
be driven with such force as to disturb the metal about
the holes.

(7) Built members must, when finished, be true and
free from twists, kinks, buckles, or open joints between
the component pieces.
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Eye-bars and Pin-holes.

(8) All pin-holes must be accurately bored at right
angles to the axis of the members, unless otherwise shown
in the drawings, and in pieces not adjustable for length i
no variation of more than 1-32 of an inch will be allowed
in the length between centers of pin-holes; the diameter
of the pin-holes shall not exceed that of the pins by more
than 1-32 in., nor by more than 1-50 in. for pins under
314 in. diameter. Eye-bars must be straight before bor-
ing; the holes must be in the eenter of the heads and on ‘
the eenter line of the bars. Wherever eye-bars are to be #
packed more than 14 of an inch to the foot of their length
out of parallel with the axis of the structure, they must
be bent with a gentle eurve until the head stands at right
angles to the pin in their intended positions before being
bored. All eye-bars belonging to the same panel, when
placed in a pile, must allow the pin at each end to pass
through at the same time without forcing. No welds
will be allowed in the body of the bar of eye-bars, laterals,
or counters, except to form the loops of laterals, counters,
and sway rods; eyes of laterals, stirrups, sway rods, and
counters must be bored; pins and lateral bolts must be
finished perfectly round and straight ; and the party con-
tracting to erect the work must provide pilot-nuts where
necessary to preserve the threads while the pins are
being driven. Thimbles or washers must be used when-
ever required to fill the vacant spaces on pins or bolts.

Annealing.

(9) In all cases where a steel piece in which the full
strength is required has been partially heated, the whole
piece must be subsequently annealed. All bends in steel
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must be made cold; or if the degree of curvature is so
great as to require heating, the whole piece must be sub-
sequently annealed.

Painting.

r (10) All surfaces inaccessible after assembling must
! be well painted or oiled before the parts are assembled.

' f if- (11) The decision of the engineer shall control as to
;, ! the interpretation of drawings and specifications during
14 | " ! the execution of work thereunder; but this shall not de-
I prive the contractor of his right to redress, after the com-
Al pletion of the work, for an improper decision.
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DRAKE’S MECHANICAL BOOKS

*Title | Style | Price

Carpentry and Building Books
Modern Carpentry. Two volumes. Cloth $2.00

Modern Carpentry. Vol. I..... Cloth 1.00
Modern Carpentry. Vol. IT1..... Cloth 1.00
The Steel Square. Two volumes.. Cloth 2.00
The Steel Square. Vol. I....... Cloth 1.00
The Steel Square. Vol. II....... Cloth  1.00
A. B. C. of the Steel Square...... Cloth .50
A Practical Course in Wooden
Boat and Ship Building...... “Cloth 1.50
Common Sense Stair Building and
Bandrating o covennnmsonssons Cloth 1.00
Modern Estimator and Contrae-
g G R *Cloth 1.50
Light and Heavy Timber Framing |
MBS BUY ocivivvnwsiiasnsns Cloth 2.00 L
Builders’ Architectural Drawing
Self-taUGHE « v everrennannanns Cloth  2.00 }
Easy Steps to Architecture...... Cloth 150 ;
Five Orders of Architecture...... Cloth 1.50 ‘

Builders’ and Contractors’ Guide Cloth 1.50
Practical Bungalows and Cottages*Cloth 1.00

Low Cost American Homes...... *Cloth 1.00
Practical Cabinet Maker and Fur-

niture Designer .............. Cloth 2.00
Practical Wood Carving........ Cloth 1.50
Home Furniture Making......... Cloth .60
Concretes, Cements, Mortars, Plas- ‘

ters and Stuccos.............. Cloth 1.50
Practical Steel Construetion..... Cloth .75
Practical Bricklaying Self-taught. Cloth 1.00
Practical Stonemasonry ......... Cloth  1.00

Practical Up-to-date Plumbing....Cloth 1.50
Hot Water Heating, Steam and

OB THRNR «cvevinivinissamaie *Cloth 1.50
Practical Handbook for Mill-
R chvisnan s asiabasehben Cloth 2.00

NOTE.—New Books and Revised Editions are marked* J




DRAKE’S MECHANICAL BOOKS

*Title | Style | Price

Painting Books

Art of Sign Painting...... eeeees*Cloth $3.00
Scene Painting and Bulletin Art..*Cloth 3.00
“A Show at” Sho’Cards......... *Cloth 3.00
Strong’s Book of Designs........ *Lea. 3.00
Signist’s Modern Book of Alpha-

BOR' wvswunisonominvimuea v Cloth 1.50
Amatenr Avbisl »vasveansinsvans Cloth 1.00
Modern Painter’s Cyclopedia. ... . Cloth 1.50
New Stencils and Their Use.......*Cloth 1.25

Red Book Series of Trade School Manunals—

1. Exterior Paintiag, Wood,

Iron aud Brick........... Cloth

2. Interior Painting, Water and
OIRUBIaRS: .\ 000 ciinnnenn Cloth
3 WOIOPN 3000 vummpniovomn i Cloth
4. Graining and Marbling..... Cloth
5. Carriage Painting.......... Cloth
6. The Wood Finisher......... Cloth
New Hardwood Finishing........ Cloth
Automobile Painting............ *Cloth

Estimates, Costs and Profits—
House Painting and Interior
DReOrsing oo ovensnsnanses *Cloth

.60

.60
.60
.60
.60
.60

1.00

1.25

1.00

NOTE.—New Books and Revised Editions are marked*
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DRAKE’S MECHANICAL BOOKS

*Title | ﬂtyle | Pri

rice

Electrical Books
Electrical Tables and Engineering

O L *Lea. $1.50
Electrical Tables and Engineering

SIRER sarunvaviann st ssisvens *Cloth 1.00
Motion Picture Operation....... *Lea. 1.50°
Motion Picture Operation....... *Cloth 1.00
Alternating Current ............ Lea. 150
Alternating Current ............ Cloth 1.00
Wiring Diagrams and Deserip-

T RN S Mg *Lea. 150
Wiring Diagrams and Deserip- '

LIOBEL i s5% 4 US43 STV RO e br *Cloth 1.00
Armature and Magnet Winding. .*Lea. 1.50
Armature and Magnet Winding. .*Cloth 1.00
Modern Electrie Illumination....*Lea. 1.50
Modern Electric 1llumination....*Cloth 1.00
Modern Electrical Construction..*Lea. 1.50
Modern Electrical Construction..*Cloth 1.00
Electricians’ Operating and Test-

AR MBRURL s o s 55 050055550 0049 *Lea. 150
Electricians’ Operating and Test-

T3 Tt S S *Cloth 1.00
Drake’s Electrical Dictionary.... Lea. 150
Drake’s Eleetrical Dietionary.... Cloth 1.00
Fleetric Motors, Direet and Alter-

DREIRE o ocvaininsrsenesenens *Lea. 150
Kleetrie Motors, Direet and Alter-

T T R o P *Cloth 1.00
Electrical Measurements and Me-

T e A Lea. 150

NOTE.—New Books and Revised Editions are marked*

- -




i DRAKE’S MECHANICAL BOOKS

*Title | Style | Price

Electrical Books—Continued

Electrical Measurements and Me-

16E TORMIBR oo iscapsiiinasesi Cloth $1.00

Drake’s Telephone Handbook. ... Lea.
Drake’s Telephone Handbook. ... Cloth
Elementary Electricity, Up-to-

JIRED 52 iurtnoieniinD Crianisies b *Cloth
Electricity Made Simple........ *Cloth
Easy Electrical Experiments..... *Cloth
Wireless Telegraph and Telephone

BABADOBE: i oansasrsiuasssys Cloth
Telegraphy, Self-taught ......... Cloth
Dynamo-Electric Machines ...... Cloth
Electro-Plating Handbook ...... Lea.
Electro-Plating Handbook ...... Cloth

Modern American Telephony.... Lea.
Handy Vest-Pocket Eleetrical Die-

HODAPY v inslsiiivanssasaining Lea.
Handy Vest-Pocket Electrical Die-

BIOBREE oicvish vomeosssvns s ooy Cloth
Storage Batteries ...........u0. Cloth

Elevators—Hydraulic and Electrie Cloth
How to Become a Successful Mo-

RORRRAD) v57¢.4.4. 5 4.6 5 55 S Han s a5 @aw Lea.
Motorman’s Practical Air Brake

FOREPOOROE o055 55005 00y v naa Lea.
Electriec Railway Troubles....... Cloth
Electric Power Stations......... Cloth
Electrical Railroading .......... Lea.

1.50
1.00

1.25
1.00
1.00

1.00
1.00
1.50
1.50
1.00
2.00

.50

25
.50
1.00

1.50

1.50
1.50
2.50
3.50

AOTH.~—New Books and Revised Editions are marked®
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( DRAKE’S MECHANICAL BOOKS

*Title [ Style | Price

Steam Englneerfng Books

Swingle’s Handbook for Steam

Engineers and Electricians. ...*Lea. $3.00
Steam Boilers, Construction, Care

and Operation ............00 *Lea. 200
Complete Examination Questions

and Answers for Marine and

Stationary Engineers ......... *Lea. 2.00
Swingle’s Catechism of Steam,

Gas and Eleetrical Engineering. *Lea.  1.50
The Steam Turbine, Its Care and

OPIERUOR +.5.000 505305 sas0eses Cloth 1.00
Calculation of Horse Power Made
BUBEY sxd3awsn oter vamuas wa s Cloth .75
Railroad Books

Modern Locomotive Engineering.*Lea. $3.00
Locomotive Fireman’s Boiler In-

BIERDIOR & s0n¢ s0ct A1 4 A0 ssh A *Lea. 1.50
Locomotive Engine Breakdowns

and How to Repair Them..... *Lea. 150
Operation of Trains and Station

WO +a500dh 08 evind L bTY *Lea. 2.00

Construetion and Maintenance of

Railway Roadbed and Track... Lea. 2.00
First, Second and Third Year

Standard Examination Ques-

tions and Answers for Locomo-

BAVD S EARBIBON 15 o 0iins s s idives *Lea. 2.00
Complete Air Brake Examination
Questions and Answers........ *Lea. 2.00

Westinghouse Air Brake System. Cloth 2.00
New York Air Brake Systemi.... Cloth 2.00
Walschaert Valve Gear Break-

UOWBE v vonnadosessvas soss s Cloth 1.00

NOTE.—New Books and Revised Editions are mnrked'J
Nissan




r DRAKE’S POPULAR HANDBOOKS
“*Title Prices

Speakers Cloth  Paper

Comic Recitations and Readings..$0.50 $0.25

Conundrums and Riddles........ .50 .25

Complete Debaters’ Manual...... H0 25

MecBride’s Latest Dialogues...... .50 25
Little Folk’s Dialogues and Dra-

T R LR 50 25
Little Folk’s Speaker and Enter-

T e 50 25
Patriotic Readings and Recitations .50 .25
Toasts and After Dinner Speeches 50 .25
Practical Ventriloquigm ........ . H0 .25

Etiquette and Letter Writers
Because I Love YoU..ovuurinaaes $0.50 $0.25
Practical Etiquette and Society

(2 771 A e s N A 50 25
Brown’s Business Letter Writer

and Social Forms..eeeeeveaees H0 25
North’s Book of Love Letters and

How to Write Them......... . B0 25
Modern Quadrille Call Book and

Complete Dancing Master. ..... S50 25
Standard Drill and Marching Book .50 25

Card and Sleight of Hand Books
Card Sharpers—Their Tricks Ex-

L RS e e $0.50 $0.25
The Book of Card Tricks and

Sleight of Hand..........0000 25
Card Tricks—How to Do Them... .50 .25
Tricks with Coins......cc00000ee b0 25
The Expert at the Card Table.... .50 25
Hermann’s Book of Magic and

Blask Art sooesononeis 25




DRAKE’S MECHANICAL BOOKS
*Title [ Style | Price
Automobile Books
Brookes’ Automobile Handbook. .*Lea. $2.00
Automobn]e Starting and nght-

T *Lea. 150
Automobxle Starting and nght-
......................... *Cloth 1.00
Ford Motor Car and Truck and
Tractor Attachments.......... *Lea. 1.50
Ford Motor Car and Truck and
Tractor Attachments.,........ *Cloth 1.00
Automobile Catechism and Repair
Manusl .covsirsnsesasnnsrnss *Lea. 125
Practical Gas and Oil Engiune
HandBook «.svoiisinssninesos *Lea. 1.50
Practical Gas and Oil Engine
Handbosk ...ccov0vsvvrsvanss *Cloth 1.00
Farm Books
Farm Buildings, With Plans and
Deseriptions .cosevvvvsvesnss *Cloth $1.00
Farm Mechanies .......cco000n0n *Cloth 1.00
Traction Farming and Traection
Enginesring '« c.sevsvsorssvss *Cloth 1.50
il Farm Engines and How to Run
) WHOMD. ».65:5.0:94.5506.8.0 0, 8 80765 91038 Cloth 1.00
i1 Shop Practice Books
} 20th Cent’y Machine Sh’p Practice Cloth $2.00
1 Practical Mechanical Drawing. ... Cloth 2.00
{18 Sheet Metal Workers’ Manual. ..*Lea.  2.00
& Essential of Sheet Metal Work
{i and Pattern Drafting......... *Cloth 1.50
i Oxy-Acetylene Welding and Cut-
i BAOR vioinatidhsbs s b8 snaysass *Lea. 1.50
" Oxy-Acetylene Welding and Cut-
"Er‘. T T T R I *Cloth 1.00
) 20th Century Toolsmith and Steel-
1N WOPKOT oiwsviosssr e wiisissiin Cloth 1.50
Pattern Making and Foundry
Practioe ccovceoess S .. Lea. 150

Modern Blacksmithing..sesssess Cloth 1.00
1 NOTE.—New Books and Revised Editions are marked‘J

—
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