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PREFACE.
—_———

HIS work is an attempt to present in a concise
form the leading characteristics of the various
types of cranes now made. These are so numerous
that a full treatment of all of them would be
impossible in a single volume, even of larger size, and
the aim has been to keep the book within small limits.
Several types have become, or are fast becoming,
specialised in the hands of a few firms. The writer
has had a long experience in the work of crane
construction, and in the course of those years has
become familiar with all the types he has here
described, with the exception of a few that are
patented specialities.

The concise and summary treatment necessary, if
the subject were to be dealt with in a handy volume,
has made it impossible to deal with any single type
of crane at length. The writer has adopted, therefore,
what seemed to be the best method under the circum-
stances—namely, to occupy the greater portion of the
work with an account of the elementary portions, the
main features that are common to many cranes,
leaving the leading types to be described in a con-
densed fashion. Thus, although few cranes are illus-
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trated, their elementary parts are shown as far as
space would permit.

Another point is that formule have not been intro-
duced. This matter was well considered, and the
writer deemed it better to omit them altogether than
to attempt even a small selection, which would have
lessened the already limited space available for the
practical treatment of the subject.

A great deal might be said on both sides of this
question of formule. The true point of view, it may
be suggested, is that it would be difficult to give any
selection which would not be open to criticism. One
important fact is, that different men arrive at the
same results by different ways. Graphic methods are
employed in crane shops to a far greater extent than
mathematics. There is no time for extended calcu-
lations, neither is the risk run. Books of tables,
moments of inertia, are used largely. Much work is
not calculated at all, but the accumulated data of the
firm are simply drawn upon. Then with regard to
simple calculations — involving leverage, crushing,
tensile strengths, &c.—these are already available in
numerous elementary text-books.

Such are the principal reasons why the purely
“shop” method of treatment of the present subject
has been deliberately adopted in the present volume.

JOSEPH HORNER.

BATH, August 1903.
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HOISTING MACHINERY.

-

INTRODUCTION.

Value of Experience—Standardisation in Crane Shops—Variable
Character of Stresses and Strains—Nature of the Problems
involved.

IN no structures built by engineers is the question of due
relation of strength to stress of greater importance than in
cranes. Yet in few does more empiricism exist, in few is the
accumulated experience of success and failure of greater
value,—a case which has notable parallels in the history of
the development of the locomotive, and of machine tools,
neither of which are much indebted to theory.

There are certain crane elements in regard to the
strength of which calculations are of much value, because
the stresses are readily obtainable by the methods of graphic
statics. These are the elements of which the frames are
built, and the strains on chains, hooks, and snatch blocks.
But the main side frame castings, and the plated frame
castings are not readily calculated, and in fact are almost
invariably copied or modified from previous designs that
have stood successful service. In the drawing'offices of
crane shops new designs are got out without much direct
calculation, because previous practice is drawn upon. The
more highly the work of a firm is specialised, the more easily

A
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can modified designs be produced. Thus, there are tables
kept in the office giving loads for various sizes of chains, the
strength of the different standard hooks used, the strength
of rods of various cross sections, and much more of the
same character, by which direct, often repeated calculations
are rendered unnecessary. Then there are certain trains of
gears, and drums which have been previously used, and these
can be taken ez bdloc, and put on other cranes that vary in
details of design. Jibs are standardised for different radii
and power, and these need not be recalculated. So are
trucks, posts, ground wheels ; and finally there are standard
superstructures that can be taken bodily and put on either
portable or fixed bases. In the latest stage of all, standard
cranes are made in a wide range, and kept in stock for
immediate delivery. Thus it happens that youths may
spend much time in modern drawing offices and yet never
have opportunities of calculating the stresses throughout a
crane, or even what is of more importance, of understanding
the conditions of actual service, which profoundly medify
these calculations. ’

The reason why calculations are so greatly modified is
that though stresses can be obtained for certain elements
with absolute precision, and in others with a fair approxima-
tion thereto, the uncertain and variable stresses and strains
due to working cannot be estimated with any reasonable
approach to the actual facts. Hence the large factors of
safety which are employed in crane work, and which often
prove insufficient. In the writer’s experience there is no
single section of a crane which has not failed under stress,
whether cheeks, posts, jibs, chains, tie rods, trucks, both
cast and plated, traveller girders, toothed wheels, drums.
And these accidents happen not always by reason of want
of sufficient strength such as is fairly warranted by past
experience, but they are due to the fact that duties of too
severe a character are systematically imposed on cranes.
Few machines are more ill-used than these; the greatest
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sinners being contractors’ men, who knock them about un-
mercifully in order to get through their work to time.

But whatever the difficulties in the way of fixing even
approximately on the best factors of safety, careful calcula-
tions should be made for new and untried work on a sound
basis for those factors in sections where the nature of the
strains are sufficiently well known to admit of calculations.
Experience must be the controlling guide in other cases.

In an elementary work of this character it is not possible
to enter into calculations, but the mode of treatment must
be restricted to the description of practical details and of
types in actual service from the point of view of the practical
man, whether crane maker or user. All crane calculations
are applications of the principles and problems laid down in
many text-books of statics, to which reference can be made.
We will indicate briefly the nature of the problems, and then
go on to the practical work of the book.

In crane framings we have perfect applications of the
parallelogram, and triangle of forces,—closed chains, in
which knowing the nature and direction and magnitude of
one force, the nature and direction and magnitude of the
others can be measured off graphically. In the travellers
and similar cranes we have a simple case of beams supported
at both ends and loaded at intermediate points. In
balanced cranes the moment of the load, with that due to
the overhang of the jib, has to be counterbalanced by a load
of equal moment behind. In portable cranes the conditions
of stability include that of the truck in addition to the
balancing and stability of the superstructure. In one
direction this is governed by the length of wheel base, in
the other by the gauge, or if that is not sufficiently broad,
by extraneous supports, as rail clips, or blocking girders.
In some elements, as tie rods, chains, and ropes, the pull is
direct, and therefore easily reckoned ; in others, as on ground
wheels, on roller paths, and on roller rims, the load is purely
compressive ; in others, as posts, drums, gears, it is partly
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compressive, partly shearing, partly bending ; in girders and
truck frames it is bending; in shafts it is torsional. These
various kinds of stresses cannot be treated adequately in an
elementary work, but reference must be made to the works
that treat exclusively on statical calculations. Our remarks
will be confined specifically to certain practical applications
of the same to the elements of crane structure.



SECTION 1.
THE ELEMENTS OF CRANE CONSTRUCTION.

CHAPTER L

THE ELEMENTS OF TRIANGULAR-
FRAMED CRANES.

The Simple Frame with Raking Jib—Stresses—The Horizontal Type
of Jib Crane—Variations in Position and Shape of the Strut—
Horizontal Jib Crane with Tie—The Case of Jib Cranes with
Cheeks.

IN the simplest types of the true cranes the elementary
frame is a triangle composed of post, jib, and tie. It is
embodied both in fixed and in portable cranes, of the wharf,
whip, wall, derrick, and other types, and includes cranes in
which the jibs are curved, or cranked to clear loads beneath.
The relative disposition
of the three members
governs their relative
strength, and these dis-
positions are controlled
by the nature of the
duties which cranes
have to perform. The
magnitude, and direc-
tion, and nature of the
forces in a triangular
frame are indicated in Fig. 1.

Fig. 1, which is the most.

common raking jib type arrangement. The diagram is only
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correct when the load is lifted on single chain, and the
line of same from the head pulley to the drum coincides
with the centre of the tie. This is used for various hand
and steam cranes, both of fixed and variable radius.
The load A runs over a fixed pulley at the top of the
jib B, the radius R of which is unalterable except by
derricking. No trolley or jenny can run along this crane
to vary the radius’ of the load lifted, hence the reason why
many of these are made to derrick ; that is, the jib is hinged
at D in order to permit of effecting variations in the radius
of lift ;—accomplished both in the derrick cranes proper,
and in many ordinary cranes that differ from the true
derricks in most details excepting in the capacity for this
particular range of movement. This type of framing is
very useful, because it gives a good clear head room for
work of considerable area and width, combined with a high
lift. In modified forms the jibs are bent or cranked inwards
in order to increase the area of
8 LI work that can be swung between
g the hook and the post.
* In this broad type the pull of the
load A is transmitted in tension to
e e the tie rod c, and in compression to
the strut or jib B. The loading on
— the post E mainly tends to break it
P Fig 2 off as a beam encastre at the ground
line, but also slightly to tear it off
at the top, an accident which does sometimes happen.
The front of the post is in compression, the hinder part in
tension.

To estimate the forces or loads on these members in a
graphic way, the load due to 4 is set off in equal parts on the
line of pull of the chain a, say 4 tons as shown. Lines are
drawn at ¢ parallel with the tie c, and at # parallel with a,
completing a parallelogram of forces. Points of division
equal to that on ¢ are drawn on ¢ and B. The number of
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divisions on ¢ or c to the plane where that line is cut by & is
12, and 12 tons is the tensile load on the tie rods c. The
number of divisions on B to where it is cut by ¢ is 143,
which is the compressive load in tons on the jib B. The
load or thrust on the post E is 10 tons measured along the
line 4, the post being a cantilever, since it receives no sup-
port from a pivot at the top. The line of the chain from
the jib head to the barrel also enters into calculations of
this kind, and is of much importance in light cranes and in
curved jibs.

The type with horizontal jib, Fig. 2, is one that is very
common, being employed for wall cranes, wharf cranes, and
many hydraulic cranes. Here there is no tie, properly

Fig. 3. Fig. 4.

speaking, though the jib B appears to fulfil that function.
The jib, however, is a beam supported at each end, and
loaded to the maximum on the intermediate points if a
trolley or jenny is used, and the thrust due to the load is
transmitted down from the strut c to the base of the post E.
If the load is at the end as shown, a pull of 4 tons on a
produces a thrust of 5§ tons on the strut ¢; and a hori-
zontal thrust of 4 tons on the post at the ground line,
under the same conditions of pivoting as in Fig. 1. But
in cranes of this kind the jib is usually pivoted at the top
as well as at the bottom, and therefore the post is subject
to a very small bending moment. And if there is no
racking carriage, but a fixed radius only, the jib B is subject
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to practically no loading. The principal member then
in the framing is the strut c, and the pivots at top and
bottom of the post E. Such framings are old favourites
because the horizontal position of the jib permits giving a
varying radius to the load by the travel or racking of a
trolley or jenny along its top edges. The objection to this
form is that the strut comes in the way of lifting work of
large dimensions at a small radius, hence the design is fre-
quently modified as in Figs. 3 and 4. The first is suitable
for a jib of short radius, the second for a long jib. These
designs are both suitable for construction in timber, in which

10 TONS

ATONS

" ’°~.

Fig. s. Fig. 6.

they were first made ; they are also made in iron and steel
with a cranked jib, Fig. 5, which is better than either, but
is more practicable in framings that are plated in iron or
steel than in timber, though in the latter, a strut can be
inserted diagonally between the angles. To get over the
objection to the strut, this is often abandoned in favour of
an overhead tie as in Fig. 6, which leaves the space beneath
the jib absolutely free for handling work at short radii.
This is further modified by suppressing the post below the
jib, and supporting the jib by an overhead tie as in Fig. 7,
and these are not usually connected by a vertical piece, but
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the end of each member pivots in a cast-iron bearing which
is bolted to the wall, and the wall fulfils the function of
a post.

In cranes that are fitted with cheeks or side frames to
carry engines and shafting, the post, tie, and jib are still
present, but slightly masked. The jib is no longer stepped
into the post at or near its centre line, but into a cross

Fig. 7. Fig. 8.

girder or a socket situated at some distance out from the
post centre, Fig. 8, and directly over the roller path. The
essential elements are the same as in other triangular-framed
cranes.



CHAPTER 1II.

POSTS.

The Function of the Post—Timber Posts—Posts of Iron and Steel with
Top Pivots—Self-sustaining Posts—For Fixed and Portable
Cranes—Early Posts of Cast Iron—Later Types —Reason why
they are being Displaced—Posts of Wrought Iron and Steel—For
Fixed Cranes—For Independent Cranes—For Portable Cranes.

THE post, pillar, or mast is a vital element in all triangular-
framed cranes, with those few exceptions in which a wall
fulfils the function. The stability of a crane depends in the
first place on that of the post. If this fails, it will do so
either by breaking off at, or near the ground line, where the
maximum bending stress occurs in cranes that are supported
in a footstep only. In cranes that have top pivots in
addition, the post would fail somewhere between the top
and bottom pivots,—a determining factor in which would be
the locality where the jib happens to be stepped into the
post. From this point of view the nearer the jib is brought
down to the ground line the better, though having regard to
the racking of loads inwards, this is the least favourable
position.

Posts are made of timber, cast iron, wrought iron, and
steel, either solidly, or built up like girder work. In the
simplest examples they are built of two beams of timber
united at top and bottom with shoes of cast or wrought iron,
in which the pivots are carried. Examples occur in quarry
cranes, in the derricks, and in the cranes with horizontal
jibs. Timber posts are made of a single balk of timber,
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Figs. g9 and 10, or of two sticks. When two timbers are
used, they are either parallel, or cambered, and bent over at
the top; the first method occurs in some of the larger
horizontal jib cranes, the second in the derricks, Fig. 11.
The gearing is carried in cheeks bolted to the post. The
pivots used are of steel, driven into the top and bottom
castings, and these fit into castings, one of which, a, is
stepped into the ground, the other, B, bolted to an overhead
beam, details which are shown in Figs. 9 and 10 respec-
tively. As the effect of the strains is to displace these
castings horizontally, they are secured to stone or timber

below, and to timber above, into which they are joggled by
the facings aa, or other equivalents. Frequently flanges
are cast at the sides of the top plate to embrace the edges
of the timber beam, with the same purpose.

The fastenings of the derricks are of a different character,
due to the hinging of the jib, and to the overhead beam
being replaced by guys which come back to the ground.
Details of the derrick castings and pivotings are shown,
those for the foot of the mast in Figs. 12-14, and those for
the top in Figs. 15 and 16.

Figs. 12 and 13 comprise side and end elevations of the
bottom connection. Fig. 14 is a plan of the step or base a.
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This is made of large diameter, in order to give an unyield-
ing area to resist pressure, the proportions are massive, and

strengthening ribs are cast on it. Its boss receives the pin
on which the mast turns, and vertical ribs receive the two
timber sleepers BB by which the crane is counterbalanced,
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Fig. 12.
Fig. 13.
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and which receive the tensile stresses transmitted through
the guys or backstays. Sometimes instead of ribs, a
socket is employed. The casting ¢ maintains the timbers
DD of the mast at the proper distance apart, and the
pin, which is fitted tightly into a hole drilled in its boss, or
in cheap derricks is cast in, pivots in the bossin o. The ribs
receive a portion of the thrust of the jib, the socket of which
is pivoted with a little side play between the lugs in front,
on a pin passing through the lugs.

Fig. 14.

The top casting, seen in elevation and in front view at a
in Figs. 15 and 16 respectively, maintains the timbers at the
right distance apart there—distance pieces being inserted
at places intermediate, Fig. 11, p. 12. This casting also
carries the two pulleys, for lifting and derricking. At the
top of the casting a boss &, receives a turned pin B, cottared
into it, upon which pin the forgings cc which receive the
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ends of the backstays or guys are pivoted at right angles.
The cap and cottar above maintain these in place. The
metal in these fittings is massive, the stresses being severe in
the backstay sockets ; the stress on the pulley lugs is tensile,
which explains why'the metal is massed there.

This type of post, and also that in Figs. 9 and 10, has in a
large degree given way to posts of iron and steel built on
the same type, particularly in the heavier cranes, in which

Fig. 15.

two channels, or two lattice-braced beams take the place of
the two timber beams. Castings are still necessary at top
and bottom for the pins, and castings are bolted on the
beams to carry the gearing. Such posts are used for the
forge, and foundry, and quarry types of cranes, as well as
for the larger derricks.

In by far the larger number of cranes made, the post
cannot be supported with a top pivot, but must be self-
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contained and self-sustaining, being either pivoted in its
base in rare cases only, or fixed in its base. Then the total
effect of the stress both of the crane and its maximum load
at maximum radius has to be calculated as a bending
moment across the section at the ground line, or the line
from which the cantilever starts. In many cases, as in the
portable cranes, the post goes down but a few inches lower
than this—sufficient to secure it in its step ; but in.many of
the fixed cranes, as in those of the
wharf type, it descends several feet
below into a foundation socket,
or step. In either case the ideal
form is that of a cubical parabola.

The earliest self-sustaining posts
were of cast iron, and a very early
and persistent form comprised
post and cheeks cast in one, a
type which, though nearly obso-
lete now, has nevertheless many
points in its favour. The great
objection to it was that the post
was largely in tension, the most
unfavourable for cast iron; yet
all the hinder portion from the
ground upwards and the lugs for
the tie rods were in that con-

Fig. 16. dition of strain. Consequently

many of these broke off at dif-

ferent periods at various sections from the ground line

upwards, in spite of the fact that the metal was } in. or
more thicker at the back than the front.

After these came the circular post of cast iron, Fig.
17, a type used much for wharf and warehouse cranes,
ranging in power from about 15 tons down to 1 ton. The
attachments are made in various ways to such posts as these.
In the smaller sizes of a ton or two of power, the jib may be
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stepped into lugs cast on the post just above the ground
line, the post in this case slewing along with the jib. In the
larger sizes a roller frame, p. 65, generally encircles the post.
just above the ground line round the turned belt, and the jib,
of iron or timber, is stepped into this. The frame is sustained
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in the vertical direction by tension rods coming down from
a cross-head, p. 63, fitting over the top of the post. An im-
mense number of cranes have been constructed in this way,
in powers ranging from 3 tons to 10 and 15 tons upwards,
for railway sidings, wharfs, and warehouses.

B
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Posts of cast iron have not proved very reliable, many
cases of fracture having occurred, even though the metal
has been from 23 to 3in. thick, at and near the ground line,
in 6 ton, and in 10 ton cranes respectively. These posts
are cast horizontally, and the metal along the top is often
liable to be a little spongy and
open ; to compensate for which
an extra } in. of thickness has
been often added there. An
advantage in cast iron in the
lighter class of warehouse cranes
is that lugs and cross-heads can
be cast in one with the post
more cheaply than they can be
afterwards fitted. Against this
must be set the drawback that
the fracture of a lug involves
throwing the whole post on the
scrap heap. These are sufficient
explanations of the fact that
cast iron has been largely dis-
placed in favour, first of wrought,
and later of steel for posts.

Fig. 18 illustrates a solid post
A % of wrought iron or steel, as

/ 2 used in a fixed wharf or ware
////%.////////,, house crane. Here the post is
/ .

2
7 3

CT e asIIIes sIrs w0y,

,"’/,/// sustained at the ground line
4 in a base plate A, within the
Fig. 19, boss of which it is keyed,

and the foot is carried in a

footstep casting B stepped into a foundation plate in the larger
cranes, see Chapter VL., pp. 76 and 79, both plates being of
cast iron. An immense number of such posts are in use.
They cost more than those of cast iron, though the difference
is less now than formerly, thanks to the use of mild steel, but
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they are absolutely reliable. The steel works supply the
rough forgings, which have then only to be turned round
the belt where the post fits into the plate a, round the
roller belt, at the bottom, and at the top on which the cross-
head rotates, the position of which is indicated at 4.

In a special kind of warehouse crane,—the independent
type, in which there is no deep foundation, the post A, of
wrought iron or steel, Fig. 19, is stepped into a casting B
with a spreading base of from 3 to 4 ft. in diameter. An
outer sleeve c,—not the true post,
—though it appears to be so ex-
ternally, encircles this and carries
the rollers round the belt, and the
top drum and tie rods.

In portable cranes in which the
post cannot come lower than the
truck, the construction shown in
Figs. zo0, 21 is employed. Fig. 20
is made in cast iron, Fig. 21 in
wrought iron or steel, but for the
reasons just given the employment
of cast iron is diminishing. The-

writer has known several cases of
fracture of these near the top at the
part encircled by the cross-head.
A post of wrought iron or steel can Fig. 20
also bé made smaller in diameter
than one of cast iron, which gives more room for other
details. The post shown in Fig. 21 has a hole through it,
which is necessary to permit of the passage of the vertical
shaft by which, through gears, the travelling motion is im-
parted to the crane. The hole is bored through the solid post
with D-bits, boring from each end. The ends are bushed
with brass to take the vertical shaft. Posts are fastened into
their trucks or foundation plates partly by making a press fit,
partly by reinforcement with keys, or with set screws, Fig. 22.
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In the horizontal cranes, and in the Titans the post is
reduced to a mere pin, or pivot, Fig. 23, connecting the
revolving superstructure A to the travelling base or truck B;
the weight of A is taken on a ring of rollers between A and B.

In the steel derricks the post or mast is built of rolled
channel sections, with angles, and lattice braced, as in
Fig. 24.

i -

Fig. 24.



CHAPTER 1III.
JIBS, STRUTS, AND TIES.

The Broad Types of Jibs—Cantilever Jibs—Fairbairn Jib—Strutted
Jibs—Jibs with Ties—Stresses—Timber Jibs—The Single Member
—Socket Fittings—Double Timbers—Their Fittings—Horizontal
Jibs—TJibs of Iron or Steel—Raking Jibs—Forms of Construction,
and Bracing—Straight, Cranked, and Bent Types—Fittings—Tie
Rods—Stresses—Method of Attachment—Shoe Castings—Pulleys
—Pins—Derricking Chains—Movable Jibs—Screwed Ends, and
Eyes.

J1Bs, struts, and ties are grouped together because they are
mutually dependent. A jib, with a few exceptions, is not
self-supporting, but is sustained by ties, or with struts.
From this point of view various forms of jibs become
grouped naturally under three broad types—the cantilever,
the strut supported, and the tie supported. The first are
not numerous, the second only moderately so, the greater
number of examples come under the last-named head.
Cantilever jibs are used chiefly on some forms of long-
armed cranes, usually of the travelling type, with or without
provision for rotation, as on the Brown cranes and related
types, and on some Titan cranes. Having no extraneous
support they are built of girders of semi-parabolic outline,
Fig. 25, — semi-parabolic, because a trolley has to run
along them, and therefore a level track is necessary. These
girders may be likened to a parabola divided down the
longitudinal axis, the two halves being placed side by side
with the hoisting chain or rope hanging down between.
The girders are sometimes solid plated, but much more
often lattice braced, as being a lighter and equally strong
form of structure. The combined weight of the girders and
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trolley, along with that of the load lifted, is counterbalanced
by the loading at the rear, on the other side of the centre a—a
of the crane, where boilers and engines, with extra ballast is
also located, if required. Or two cantilever arms, as in some
of the Brown cranes, counterbalance each other.

These cantilever cranes are usually of longer radius than
other types, too long either for a raking jib to be utilised,
or a strutted jib. Their function is chiefly that of loading
various materials over large areas. The radius ranges from
50 to 100 ft. in various examples, over which length the
trolley is racked anywhere from at or near the centre of the
crane, picking up and travelling the load. When such cranes

_ are fitted also with a travelling motion, as is almost invariably
done, and with a slewing movement, which is frequent, the
range covered is very large. The value of these cranes,—

T

s
Fig. 25.

outside the Titans, which are used specifically for setting
concrete blocks for submarine work, in breakwaters, piers,
and moles,—lies in the following applications :—Loading and
unloading vessels and railway trucks with various materials,
as ore, coal, spoil, and other cargo. Loading and unloading
steel and iron plates and bars in yards. Handling plates
and sections in shipbuilders’ work, the cranes then spanning
the slip-ways and covering two vessels to right and left of
the crane track. Besides these there are other miscellaneous
services of the same general character rendered.

There is one particular form of the cantilever jib which
does not carry a trolley—the Fairbairn type. It is a bent
cantilever, entirely self-sustaining by virtue of its strong
construction, which is that of a solid-plated, or braced box
girder of approximately rectangular section.
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The jib which is sustained by a strut is generally of the
horizontal form, a form which in a number of cases is alter-
natively supported by ties. A raking jib is also a strut
because subject to compressive loads. But a strutted jib of
the horizontal form is not only subject to compression, but
to bending, the particular kind of bending being governed by
the position of the strut, and the location at which the load
is lifted. If the strut meets the jib at a considerable
distance inwards and the load is lifted at the end, the over-
hanging portion of the jib will be subject to bending as a
short cantilever. If the jib has a racking carriage, then the
load being hoisted at any positions intermediate with the
end and the post will produce bending moments, the in-
tensity of which will vary with position, but the calculations
will be made for maximum stress midway between supports.

Jibs with ties,—the most numerous and important section,
—include examples from cranes of the shortest to the longest
range made, from the little wall, and warehouse cranes to
many Titans, and Temperley transporters, and immense
wharf cranes. The method of supporting -a jib by ties or
tension rods, or chains has the merit of simplicity. The jib
is much lighter, conditions being equal, than when it has
to be self-supporting, and the absence of struts leaves the
maximum head-room possible beneath, while in jibs of great
length struts cannot be used, but the alternative is a heavy
cantilever. -

In crane jibs of the raking type, and in struts, the stress is
theoretically considered as compressive. But owing to their
great length they must be taken as coming under the head
of long columns that would fail by bending. A jib never
ruptures by crushing, but failure by bending is not in-
frequent, an accident to which this member is specially
liable by reason of the rapid slewing motion. This is often
performed at a high speed when a crane is fully loaded, so
putting a heavy side strain on the jib. This member there-
fore bends in this direction more frequently than it does in
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the vertical, a fact which is amply provided against in the
best designs.

The simplest and oldest jibs are of timber. They are
chiefly used in the wharf cranes, in the horizontal jib type
of cranes, and in the derricks. In some of these of the
raking type they consist of a single stick of timber only,

Fig. 26.

of square or circular section, but in most cases two timbers
are used. Timber jibs formed of a single stick are either
of circular or octagonal section, and they taper down from
the centre to the ends, forming a rough approximation to
two parabolas meeting at their larger ends. The castings
that form the sockets for feet and head correspond in
shape, having octagonal, square, or circular recesses. Often
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an octagonal jib is cut circularly at the ends to enter cir-
cular sockets. When a single stick of timber is used,
stepped into sockets at top and bottom ; the first named,
shown in Figs. 26 and 27 in plan and elevation, carries the

Figs. 27 and 28.

chain pulley; the second, Fig. 28, fits by a pin between the
lugs or sockets cast either on the crane cheeks, or the
roller frame, or the footstep cast to receive it. The bottom
pin is in shear, loaded with the full load transmitted down
the jib. The pulley pin is generally in shear, but if two or
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more pulleys are on one pin, the pin is subject to bending.
It may or may not transmit the full load on the jib. In
Fig. 27, for instance, a good portion goes through the tie-
rod pin, while in Fig. 29 the compression goes to the jib
through the casting, and the pin does not feel it.

The sockets are castings tapered to receive the tapered
ends of the jib, over which they are driven with sledges.
The object of rounding the edges of the mouths is to avoid
sharp angles in the timber at the shoulders a, which would
be a source of weakness there. The timber ends should be
well saturated with thick white lead paint before insertion
as a preservative against dampness, the great enemy of
timber. A jib begins to decay from this cause in the
sockets before it does elsewhere. At the first driving, the
timber does not go right to the bottom, because a little
shrinkage is almost sure to occur in time, and it is desir-
able that the fitting should never become loose.

The single piece of timber occurs in many of the derricks,
and in certain types of wharf cranes, the two timbers in the
larger derricks and wharf cranes, and in horizontal jibs.

When two timbers are employed they are either parallel
or cambered ;—parallel when the jib is horizontal, as happens
in most cases, when the trolley runs along on the top of
them, and the chain falls between. They are cambered in
some wharf cranes. The two timbers are stepped into a
~ socketed casting that encircles the iron post ; and are con-
nected at the top with another casting, Fig. 29, that receives
the chain pulley. The gearing is then carried in cheeks, Fig.
51, p. 53, that are bolted to the jib at a convenient height
above the ground line. Distance pieces maintain the timbers
at the proper distance apart. Such a jib is well adapted to
resist the lateral stresses that occur during rapid slewing.

The horizontal type of timber jib consists of two pieces
arranged parallel with a clear space between. They are
maintained at their proper distance apart at the ends only,
to allow clear room for the racking of the lifting chain to
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various radii. At the rear end they are shouldered into the
mast and connected therewith by means of bolts, see Fig. 10,
p- 12; at the front end they rest on shoulders cut in the ends
of the strut timbers, and a distance piece there maintains
them at their proper position asunder. Rails are bolted on
the top edges to take the flanged wheels of the racking
carriage or jenny, and brackets are bolted on at each end
for the chain pulleys.

Timber is not, however, suitable for very large cranes,
and its employment has diminished since the introduction
of mild steel has given us large rolled sections. Timber
jibs are seldom used on cranes of over 5 tons power,
occasionally they are put on 1o-ton cranes. It is most
suitable on cranes of a few hundredweights capacity; and
red deal, pitch pine, or oak are used.

Timber-framed cranes with horizontal jibs and raking
struts are not safe and suitable for foundry and forge service,
and these are therefore generally built up of steel plate and
angle. The three members,—post, jib, and strut,—are flush
jointed, with covering plates riveted over the joints, and
the inner and outer edges are stiffened by the riveting of
angle sections all round.

In some cheap, light, hand warehouse cranes the jib is
simply a round bar of iron about 2 in. in diameter, curved,
and the post and tie are formed of similar bars. The jib is
supported about the centre by a bar strut, or by struts
formed of a ring or rings of iron. In another simple form
the jib is made of two flat bars of iron bent, and the post
is similarly formed. In both cases distance pieces maintain
the bars at the proper distance apart. In some small and
cheap cranes a single I joist section only forms the jib,
being stepped into castings at top and bottom, into which
they fit loosely in the first place, and are secured with iron
cement, the design of the single timber jib being embodied
in metal.

After these, the simplest jibs of iron or steel are built of
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rolled channel sections, or I sections, both in horizontal and

raking types. Others are built up with plate, bar, and angle

as in Fig. 30, and attached to the strut with gusset plates,
Fig. 31.

In some old horizontal jib cranes for use in foundries,

posts and jibs have been made of cast iron, the jibs being

supported with over-

head raking ties, and

( ) have stood good ser-

vice. These are sel-

dom made now. Two

L =%, popular forms are that

Fig. 30. in which the jib and

its tie is separate from

the gearing ; and the raking strut type. The first has the

great advantage of giving a perfectly clear head room,—a

point of much value in any shops, having regard to the hand-

ling of work of large area. They are, however, limited in

power. Yet small cranes occupy a very important place

in nearly all shops, because a large proportion,—generally

the larger part of the work

handled,—consists of light or
moderate loads.

Raking jibs are generally
fastened at top and bottom to
castings, and the side mem-
bers are united at intermediate
parts with cross bracing. Or
they are fitted with separate
castings which do not unite the jib sides. Some crane jibs
are made with a solid plate uniting the rolled sections, to
which it is connected with angle iron down the centre of
each. This is adding unnecessary weight to the jib, and it
is not cheaper than lattice bracing.

In the simplest braced jibs a single set of bracing is
riveted to angles that are riveted down the centre line of

Fig. 31.
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Fig. 32.

Fig. 33.
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the rolled channels, or I sections, Figs. 32, 33, which form
the jib sides. These are liable to twist, and therefore in
most cases double bracing, Fig. 34, is riveted to both
flanges of the channels or I sections. These are well
adapted for light cranes either of long or short radius. In
stronger and heavier types the rolled sections give way to

Fig. 36.

forms built up entirely of angles and bracing bars, so im-

parting a rectangular cross section, either square or oblong

to the jib. Fig. 35 is a derrick jib of steel built up in

this way. Lastly, the straight raking jib gives place to a

form that provides more head-room and area for lifting ;—

the cranked jib, Figs. 36 and 37, or the bent or cambered,
c
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Fig. 38. The first is rather cheaper, but it has to be strutted,
while the bent jib is self-sustained.

The cranked jib, the strutting of which is shown in Fig. 36,
and the jointing to a larger scale in Fig. 37, is more easily
‘made than the bent type. It resembles traveller girders
constructed of timber or of parallel steel joists, see Chapter
VIIL, p. 99, in the fact that the strains are transmitted from
the jib A through the strut B to the tension rods cc, going
to the jib foot and head respectively, and D going to the

Fig. 37.

head of the side frames. These connections must therefore
be strong and well made. The jointing is with a broad
gusset plate E covering the joints of A A, B, and castings F
fitting in the channel sections; castings, joists, and gusset
plates being all riveted up together. A boss G on the large
casting forms the bearing for the pin of the pulley H, which
conducts the chain or rope from the lifting drum to the
pulley at the jib head. This pulley H fits freely on its pin—
sliding along it from one side to the other as the chain or
rope winds from end to end of its drum. A casting j, or a
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forging is fitted into the head of the strut B to take the pin
over which the tension rods are looped.

The bent jib, Fig. 38, is of a composite type in which
the fitting of the tie rods at some distance away from the
end leaves the portion between the anchorage and the
foot in compression, while the length beyond the anchor-
age is subject to bending as a cantilever. The jib is
widened at the dividing section to afford strength to the
cantilever end. The cutting of the hole for the pin and
its boss does not sensibly weaken the section, since this
metal is removed at and near the neutral axis.

Here, where four angles have to be bent and each pair
of bracings differs in length and in angle from the others,
it is easy to get the jib atwist unless the work is done
carefully. It is marked out to actual size on a floor, and
measurements taken direct, and the bending checked
therefrom.- At top and bottom the angles are united and
stiffened with broad plates riveted to them, and castings
are fitted within these to receive the pins for the foot, for
the lifting, and the guide pulleys respectively. This is a
derricking jib, to which further reference will be made
directly.

The fittings of iron and steel jibs are generally cast, in
some cases they are forged. They consist of brackets,
feet, or shoes, pulley, pin, and tie rod bearings,—varied
much with the class of crane. They are mainly in compres-
sion, and supported more or less by the framing.

In many cases the bottom casting serves the function of
a roller box, which may or may not pivot, depending on
whether the jib derricks or not (see Chapter V., pp. 66 and
67). The top casting often contains the jib pulley, more
often separate castings are employed, details of which are
shown in subsequent figures.

The function of the jib is to carry the pulley or pulleys
over which the chain or rope passes from the hoisting drum
to the hook. The shapes of pulleys are illustrated in
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Chapter XIII., p. 164, but the method of rigging them up
belongs properly to the present section. As, however, they
are often carried in the same castings as those to which
the tie rods are anchored, and as the fitting of the pulleys
and tie rods are taken in hand simultancously, we will
postpone remarks relative to the pulley fittings until the
methods of attachment of tie rods, to be now considered,
have been disposed of.

Fig. 39.

Tie rods are variously arranged. In jibs of average
length one pair of ties suffices. In those of great length
more are necessary to support the jib both at the ends
and at intermediate positions, and the king posts neces-
sary for their attachment have to stand up to a great
height in order to get an angle large enough from the
horizontal for a proper transmission of the tensile stress.

The simplest tie is that shown in Fig. 39, in which
one tie rod supports a bar, used as a smith’s crane,
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that is as a simple support and track for pulley blocks
between the anvil and the fire. Next comes the pair of
ties between a crane post and the jib head. In curved and
cranked jibs the ties stop short of the head, being attached
to the hump of the jib some way back. In derricks and
in derrick cranes the ties are not rigid rods as in these
cases, but chains mainly. In the true derricks these pass
over pulleys at the masthead, and so give the variable
radial motion to the jib head, where they are anchored.
In other cranes fitted with derricking movements the chains
are wound round a drum operated by worm gear. In
many of the recent cranes wire rope is substituted for chains
for derricking. In the long-armed Temperley cranes ropes
support the jibs. In the Titans flat tie rods are employed.

The methods of attachment of tie rods and wire ropes
vary as much as their broad designs do. A small selection
only out of the many can be illustrated and described here.

All ties and their connections are subject to a very
unfavourable kind of stress, that of tension pure and
simple. If crane loads were dead loads there would be
little difficulty. But they are very live loads,—intensely
severe, even under the conditions of regular work, which
involves sudden surgings, jerks, reactions, outside the
limits of calculation,—stresses which are liable to snap
tie rods off, or to burst out eyes, try indifferent welds, or
shear off pins, and crack castings.

The proper and safe way to attach tie rods is with
eyes at their ends, stepped over forged pins at right angles.
The rods and eyes are in tension, and the pins are frequently
calculated as in shear. But breakages invariably show that
bending occurs before failure, and they should be calculated
for this form of stress. Supports are required for the pins,
and the necessary area is obtained at the foot, either in the
castings of the side frames, or cheeks, or roller frames, or
cross girders, as the case may be, into which they are stepped.
At the head, castings or forgings are required to receive the
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pins. In some instances the eyes encircle cast-iron bosses,
to which a shearing strain is transmitted, but this is too
risky for the heavier cranes.

The attachments of tie rods vary of course with the
material, and shape of the jib used. In the case of timber
jibs they are different from that of iron and steel jibs.

For timber-framed cranes in which large shoe castings are
employed both at bottom and top of the jib, into which
the timber is socketed, the tie rods are either attached at
the top to pins, or they encircle cast-iron bosses, or they

.?

N

Fig. 40.

pass through lugs. In Figs. 26, 27, pp. 25 and 26, the tie
rods A A are looped over the pin B. In Fig. 29 they fit over
the cast-iron bosses A A which form a portion of the jib-head
casting, and are retained in place with washers BB, and
cottars in the ends of the pulley pin c. A similar fitting
is seen in the head of the steel jib, Fig. 41. The lug
method of attachment is the most objectionable, though
rather common. Cast lugs are liable to yield and fracture
by a direct pull, or a side strain, such as occurs when
slewing suddenly, or reversing the movement of a crane.
When castings are used for timber jibs the pulley pins are
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fitted in these'castings, and recesses are cored out to receive
the pulleys. These occur in the derricks, Fig. 26, p. 2s,
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and in some of the wharf cranes, Fig. 29, p. 27. Everything
at the jib head is then included in one casting, which sim-
plifies the fitting up.
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In some cases a single casting at top, and one at bottom
unites the sides of a steel jib, but generally separate ones
are used for each cheek. Fig. 4o illustrates one type of jib-
foot casting, fitted within the channel A, or to a built-up
section. The hole encircles a turned boss on the front
roller frame which fits between the crane cheeks, see Fig. 74,
p. 67. It is equally suitable for a fixed or a derricking jib.
The bearing is divided with a cap, but many of this class
have the hole bored in the solid. The lug shown in Fig.
40 receives the tension rod, coming down from the strut of
a bent jib.

In jibs built of sections, or of angles and lattice bracing,
it is not usual to make the jib-head casting do duty for all
fittings. There may in some cases be several castings, as
the pulley bearings, with which the tie-rod anchorages are
included, besides which there are other castings for the
anchorage of the bight of the chain when a snatch or return -
block is used. If the jib is cranked, or curved, the tie-rod
anchorages are quite distinct from the pulley bearings, being
fixed in a different position, see Fig. 38, p. 35.

Fig. 41 shows a simple jib-head fitting for a chain pulley.
Two pieces of steel plate A A are bolted between the H
sections, and cranked to receive a distance piece B,
which also prevents the chain from jumping outside the
pulley. Two castings c’ ¢’ are fitted outside, and bolts pass
through A and ¢/, which are bored in place to receive the
pulley pin . The castings are prolonged into bosses ¢,
over which the tie-rod eyes fit, and on which they are
retained sideways with washers EE. Frequently instead of
fitting separate plates A A, in the manner shown, the jib sides
are extended, and the flanges cut away to the distance to
which A A extend beyond the end of the actual jib, and the
web is set over to receive the distance piece. In many
cases also castings are fitted instead of the steel plates.

When the lifting chain or rope comes to the jib pulley

_in a horizontal line, unless of considerable length, the jib
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carries no supporting rollers. But when the chain or rope
comes up in a line parallel or nearly so with the jib, the sag
of the chain is taken on loose rollers in bearings fixed to
the jib. The same device is necessary in jibs that are
cranked or bent. A roller is seen at B in Fig. 38, p. 35,
and at p in Fig. 29, p. 27, while the fitting of two brackets
to carry rollers is seen in Fig. 32, p. 31.

A detail of jib fitting is the shackle to which the chain or
rope is hooked when lifting with a snatch or return block.
The shackle c, Figs. 26 and 27, pp. 25 and 26, is hung from a
pin which passes through one lug, or through a pair of plates.
The first is the usual method of attachment in timber jibs.
The lug must be long and strong, the cast iron being in
simple tension. The second is adopted when the jib is
built up of rolled sections, or of angles and bracing.

When a jib is made to derrick, two rigid rods are generally
attached at one end with eyes to the jib-head castings,—an
example of which occurs in Fig. 38, p. 35. At the other
they are furnished with looped forgings to embrace pulleys,
and receive the pulley pins. The pulleys receive the
derricking chains A that come from the derrick barrel
within the crane frames.

With few exceptions jibs and ties are rigidly fixed to the
post. The exceptions occur in many of the light hydraulic
cranes. In these the ends of the jib and tie next the post
are fitted with rollers, which ascend or descend on the post
under the control of the lifting cylinder.

When tension rods are screwed at one end, as they are in
overhead travelling cranes, and in some timber-framed jib
cranes, it is most important to keep the bottom of the screw
threads full to the size of the plain portion of the rod. In
the case of eyes, the cross section on each side of the hole
must be somewhat in excess of half that of the rod. Eyes
are generally welded to their rods after the forging and tooling
has been done. For this reason iron is preferable to steel
for eyes and rods.



CHAPTER 1V.

CHEEKS.

Cast or Plated—Variety in Detail—Strains—Outlines—Cast Cheeks—
Crab Framing—Frames of ‘‘ Vertical” Type—Their Weak Points—
Details—Frames of ¢ Horizontal” Types—Crab Cheeks —Cheeks
attached to Timber—Steel-Plated Cheeks—The Bearings of
Cheeks—Solid and Divided Bearings—Bearings Cast with their
Cheeks—Those attached to Plated Cheeks—Disadvantages of
Solid Bearings—Several Bearings in one Casting.

THE cheeks of cranes are subject to great variations in design.
In small cranes they are of cast iron, in heavy ones, steel
plated. But many small cranes are cheaply made with steel
plate, while for permanent way cranes, this type is always -
employed. Plated work is much cheaper than formerly, and
is more reliable than castings. But castings still cost less,
because the bearings are in one with the frame, while in
plated work the bearings must be prepared separately, and
bolted or riveted on. But these are often cheaply fitted in
the form of round bosses in place of the more expensive
divided bearings.

Cheeks are generally made separately, and united with
distance pieces. But in some cranes, as the horizontals,
they are bolted down to the revolving bed, in others they
are cast in one piece with it. Cheeks are single plated
and ribbed, on one or on both faces in most cranes, but in
the heaviest they are sometimes of the boxed form, being
cored out.

The strains on frames are not usually calculated. They
are subjected to all kinds of stresses in working, tension,
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compression, side strain, vibration, &c., which cannot be
properly estimated. A firm’s own experience furnishes the
data necessary for thicknesses. Frames have been broken,
and thickened up in the weak parts, shrinkage stresses have
to be avoided, and in this tentative way safe and standard

Fig. 42.

proportions are evolved for cranes of different powers and
radii.

There is no standard shape for frames, apart from a
firm’s own practice. The centres of the shafts give the main
outlines. These centres being fixed by the gearing, control
the main dimensions, and the rest is a matter of strength
and taste. Curved outlines are often imparted to castings,
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but plain ones to plated work. The parabolic curves of
some horizontals are neat and tasteful. A frames are common
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in verticals and in hand crabs, and rectangular frames in
power crabs. Balance cranes have a tail prolonged behind
the cheeks to carry the balance box. These are sometimes
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cast in one with cast cheeks, but are better if made of rolled
channels and bolted to the cast frames. In plated cheeks
they are formed of plate and angle like the other parts.

The following are the principal designs of cast-iron
cheeks :— ’

The simplest self-contained cheeks, that is, those which
are independent of extraneous support, not being fitted in
any fashion to plated or timber work, are found in the
common crabs and winches, that are bolted down to timbers,
and in which the bearings are solid, ze., formed by drilling
holes in bosses cast in the frames. The typical crab
framing is A shaped, Fig. 42, very light and flimsy, being
sold cheaply, and used for hand work only. The weak web
is stiffened with fillets cast around the edges on both sides.
In the common class of frames the shafts run directly in the
iron bearings, @, a, @, in a better kind the holes are brass
bushed, which is desirable because the bushes can be easily
renewed when they wear. The distance pieces by which
the frames are kept at their proper distance apart are simply
round double-ended bolts with collars or shoulders, passing
through the holes 4, 4, 4, so that there is little rigidity in these
frames away from the timbers to which they are bolted.

The cheeks of the cranes proper are either of high, or
low type, namely, “ vertical ” or *horizontal ” respectively.
Taking the verticals first, these are built with some approxima
tion to the A shape, Figs. 43, 44, but much modified in the
various classes of cranes which are designed. They are
large, ranging from about 4 ft., to 7 or 8 ft. in height, and
from 4 to 1} in. thickness in the web. They are ribbed
on one side only,—the outside, or on both sides, the choice
being a matter of taste. The bearings are nearly invariably
of the divided type. Even when bearings come within the
frame, a recess is often cast for the fitting of the cap and
brass. = Brasses are usually fitted, exceptions occurring
in some of the ‘cheaper hand cranes. The frames are
used in conjunction with a central post, see Chapter II.,
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PP- 17, 19, and 20, and are maintained at the proper distance
apart by cross girders, which fulfil other functions, as that

Fig. 44.

of roller frames for slewing the entire superstructure round
the post, jib sockets, &c., and as post heads, taking and trans-
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mitting the load of the revolving superstructure to the
post. Facings are cast on the inner sides of the cheeks or
side frames to receive these cross girders, the ends of the
latter and the facings being planed, and turned bolts unite
them in one rigid framework which rotates round the post.
The lower edges of the cheeks come at a few inches’ distance
above the base, or truck.

There are certain parts of these frames which are
severely stressed, those most liable to fracture being the
upper part of the frame to which the tie rod is attached, and
the front lower portion that receives the pressure of the
front roller. A good many fractures of these two kinds
have come under the writer’s observation. A good plan is
to thicken the metal over these areas, making it } in. thicker
there than elsewhere, and shaving it down to merge gradually
into the general thickness. Another section which is strained
severely is the area around the barrel shaft, also in tension,
in front of the shaft, by an amount equivalent to the direct
pull of the load.

The cheek in Fig. 43, p. 45, belongs to a steam crane; A a
being the facings on which the cylinder foot is bolted, B is
the bearing for the engine shaft, c that for the hoisting
barrel, p that for the worm wheel and barrel used for
derricking, E that for the anchorage of the rear tie rods
which come to the tail of the crane, F is the bearing for the
front roller frame over the curb ring. Three other frames or
cross girders are bolted between the cheeks, at G carrying the
back roll, at H with the two centre rolls, at j the girder from
which the engine shaft clutches and gears are manipulated,
and K which receives the top of the post, and the anchorage
of the derricking chains. The bolt holes for these girders
are indicated.

Fig. 44, p. 47, is a cheek for a light hand crane. A and
B are the bearings for the first and second motion shafts
respectively, and c that for the barrel Two cross pieces
only unite the ‘frames, one embracing the broad face at
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HORIZONTAL TYPE OF FRAME.

Fig. 45.

Fig. 46.
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the bottom, the other fitting into the hole D near the top.
E is the lug for the anchorage of the jib tie rod.

In what are termed the horizontal, or low type of cranes,
only applied to steam cranes, and to electrical ones built
on the same model, the frames are considerably reduced
in height, and are cast in one with the roller frames,
except in the more powerful cranes. The alteration in
height affects the design further ;—as in setting the engines
horizontally, and bringing the gears low down, which in-
volves lengthening the superstructure at the rear to re-
ceive the engines and their connections. One of these
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frames is seen in Figs. 45-47 in elevation, plan, and cross
section respectively. We here get a cored-out bed as
the basis of the small cheeks, with which the cheeks are
either cast solidly, or not uncommonly bolted on. The
cheeks have sometimes been ribbed only, as indicated in
plan in Fig. 46, but in all good designs they are cored out
as in Fig. 47, leaving smooth plated faces both on inside
and outside. Some of the later designs in this class of crane
are very neat and graceful.

In Figs. 45-47, A is the engine shaft bearing, B that for
the barrel shaft, c that for the pin which carries the jib foot.
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The jib feet fit between the spaces p p. The superstructure
revolves round a pin in the hole E of the central boss. The
faces F F receive the tail girders which rest on the lugs &,
and come up against the abutment strips 4 The frame
runs on the four rollers seen dotted in the plan view.
Cheeks of cast iron are used for hand crabs, one being
illustrated in Fig. 48. The first motion shaft is at a, the
second at B, and the barrel shaft at p. EE carry the axles
for the trolley wheels, and F is the bearing for the hand
shaft, by which the trolley wheel beneath is actuated through
gearing. The metal is thickened in the vicinity of »p and

Fig. 48.

below the hole where it is in tension, which cast iron is ill
adapted to resist.

Cast-iron cheeks which are not independent, but are
attached to timber, are illustrated in Figs. 49 to 52. Fig.
49 is extremely simple, and is found on the posts of triangular-
framed cranes, carrying the barrel. The castings are abutted
only against the timber, and the bolts pass right through
the latter. ‘To prevent the cheeks from becoming shifted,
a joggle is usually cast to fit into a mortice cut in the
timber, so assisting the bolts. This method of fitting is as
a rule only suitable for hand cranes.
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Fig. 50 is a method of fitting taken from the mast of a
derrick crane. The bearings are merely dead eyes bolted

on the edges of the mast timbers. They carry the gear
shafts, and the shafts for the derricking and the lifting
barrels. Joggles are cast on to
assist the holding power of the
bolts.

Fig. 51 is a cheek which em.
braces the jib timbers of a wharf
or quarry crane, and carries the
first and second motion shafts,
and the barrel shaft; Fig. 52 is
a bracket that is bolted to a wall — lll
to carry the single gears and drum,
used for light cranes of the smithy
and foundry types. The crane
jib, see Fig. 39, p. 37, is entirely
disconnected therefrom.

The second class of cheeks, —— =]
those made of steel plate, are de- Fig. 52.
signed in various styles, though
plated work does not admit of so many diversities in form
as cast does.
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In some hand cranes, both of the fixed and portable types
the cheeks are extremely plain, consisting only of a pair of

Fig. 53.

rolled joists or channels riveted upright upon the tail girders.
The bearings are of course bolted to the flanges of the
channels. In some designs of fixed cranes having no tail

Fig. 54.

girders, the cheeks are bolted to the frames, Fig. 53, the
lower one of which serves both as a roller casing and jib
foot.
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The cheeks in Fig. 54 represent a stage slightly in advance
of the last. These are for a hand crab, and comprise two
plain plates, unsupported with ribbing except an angle at
the bottom. Distance bolts maintain the frames apart, and
the bearings are of the solid boss type. Fig. 55 shows a
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Fig. s55.

frame stiffened with an angle running nearly all the way
round, the rigidity of the bottom edge being ensured by the
bolting of the roller frame between the cheeks there. Fig.
56 is a very complete frame, including the tail girder which
is riveted up to the main plate with a butt strap. Fig. 57
is the cheek of a crab destitute of its bearings. In every
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case angles are riveted to the plates, and the meeting corners
should be welded, and not abutted merely.

Fig. 56.
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Fig. 57.

The bearings for the shafts differ in form when they are
cast with cheeks, or bolted to plated frames. Taking the
first named, examples of solid bearings or dead eyes are
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seen in Figs. 42, 45, 48, 49, 50, 51. But the divided bearings
are preferable, and these are usually of a simple type, details

Fig. 58.

~

@ Lo ]{o Ton

Fig. 59.

of which are seen in Figs. 58-60, each of which is fitted with
brasses, which is usual in good practice.
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In Fig. 58 the brasses have shoulders or flanges. To
prevent them turning round in their circular seatings, a stud
is cast on one brass, entering into a drilled hole in its
seating. An oil cup is cast on the cap. Studs are used to
hold the cap down. In Fig. 59 the brasses have no flanges.
Both, therefore, have studs to prevent them from sliding
endwise. In Fig. 60, the cap has no check, but abuts simply
on the face of the bearing, and the brasses are divided at
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Fig. 60.

an angle. In many bearings the top brass is square, and
the cap is a plain plate of steel, a design which is adopted
for many heavy bearings in high-class work.

The cast bearings fitted to plated cheeks are variously
made. The following are the principal methods which are
adopted for fitting such bearings.

The simplest occur chiefly in hand cranes, and consist of
a cast-iron boss of circular or other shape, bolted to the
face of the cheek, and partly recessed into it, as in Fig. 61,
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a ring being turned on the casting of about the same thick-
ness as the plate, to fit the hole bored in the plate.

Such bearings cannot become displaced. The only
objection to their use is that no provision exists for closing
them round their shafts to compensate for wear. But as
they are generally brass bushed, as shown in Fig. 61,.it is
easy to renew the bushes.

There is a second objection, which, however, carries weight
chiefly in the larger, more complicated cranes. It is that
the shafts can only be withdrawn from their bearings end-
wise, when pinions or other parts require renewal, and the
loss of time involved thus causes inconvenience. In the

Fig. 61.

better class of cranes, therefore, when single bearings are
attached to plated work, provision is made for adjusting
bearings and removing shafts by means of caps and brasses.
The pattern bearing is first fitted round the angle iron which
forms the edge or fillet of the plate, and the casting is bolted
both through the angle and the plate. If bolts are used for
the caps instead of studs, the holes are cored to get the
recesses for the heads, and reamered for the stems of the
bolts.

Fig. 62 shows a circular bearing fitted near the edge of a
frame, as in the top, or the bottom. This has to be fitted
round the angle, instead of cutting away the latter, which of
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course would be inadmissible. Fig. 63 shows a bearing
fitted against an angle at a straight length, as for a winch, or
barrel shaft. The boss still goes through the plate, as in
other cases, to assist in steadying the casting.

Frequently it is practicable to include two or more
adjacent bearings in one casting bolted to the edge of a
plated cheek. This method is extended in other cases to

Fig. 63.

the casting of cheeks to include all the bearings required,
this case being paralleled by those cases previously illustrated
embracing a post or jib of timber, or plated, an alternative
to bolting castings on opposite edges. In some instances
again large cheeks, quite distinct from the rest of the crane,
carry all the gears, and the cheeks are reduced to horizontal
channels, or built-up sections of channel or H section.




CHAPTER V.

STRETCHERS, CROSS GIRDERS, ROLLER
FRAMES, AND ROLLERS.

Functions of Cross Girders—The Case of Horizontal Cranes—Fitting
of Girders and Cheeks—The different kinds of Girders—Post
Heads—Roller Frames—The Single Frame—Separate Frames or
Boxes—Front Roller Box—Back Roller Frame—Centre Roller
Frame—Rings of Live Rollers.

THE larger cheeks, whether of cast iron, or plated, have
to be maintained at a definite distance apart by stretchers
or cross girders, some of which also fulfil the function of
frames or bearings for the rollers by which the slewing is
performed. It is seldom that a simple stretcher is used
without utilising it also for some other function, if only to
carry a boss for a lever. The simplest stretchers are the
round bolts used for maintaining the sides of small crabs
apart. With this exception, most, excepting those on some
of the heaviest cranes, are of cast iron.

As stretchers, or girders, and cheeks should form a
practically solid whole, slewing as one piece, this is ensured
by excellence of fitting together. An exception occurs in
the horizontal cranes in which the cheeks and roller frames
are usually in one casting, see Fig. 46, p. 49, though in some
of these when of heavy type the roller frames are made
separately from the cheeks.

When cheeks are bolted up to cross girders, the ends
of the latter are planed to fit against planed faces on the
cheeks, and turned bolts passing through reamered holes
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connect them. From the point of view of workmanship,
it is desirable and is usual to make all the cross girders for
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Fig. 64.

a crane of the same exact length, and their facings on the
frames all of the same height. The girders are then planed
in a row at one operation, and the facings planed at one
setting of the tool, in another opera-
tion, so that no resetting of work or
tools are necessary.

An average crane may require from
two to four or five cross girders.
Thus, the cheeks in Fig. 44, p. 47,
require two, those in Fig. 43, five,
neither of which is a plain stretcher,
but fulfils some other duty. The
principal girders in a crane are the
post head, and the roller boxes. The first has the weight
of the superstructure to carry on the post in some cases.
In others the load is carried entirely on the rollers, and
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the post head simply steadies the top of the crane, and
transmits the transverse strain or pulling strain of the crane
to the post head. Sometimes tie rods pass through the
post-head girder, which affords them a good anchorage.
Figs. 64 and 65 illustrate a post head which sustains the
entire weight of the superstructure, and receives the two
tie rods that go to the head of the jib. It fits the side
frames in Fig. 44, p. 47, the studs A A at the ends entering

Fig. 66.

the holes D in the side frames, and bolts unite the head and
frames through the round flanges. B B are the holes for
the tie rods, which pass easily through them, with not less
than  in. clearance, c is the hole into which the top of
.the post enters, and having a hole above for lubrication.
Figs. 66, 67 illustrate another of a different class, though
of the same type, namely, that which sustains the weight of
the crane. This crane has no side frames, but the cheeks
and gears are on the post, and the latter is stepped into a
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roller casting that encircles the base of the post, see
Figs. 17 and 18, p. 17, and turns round it. This casting
is sustained by tie rods passing through the holes A A in

Figs. 66 and 67, and is hung there-

fore from the post, while two rollers

in front are the means by which it

slews. The holes B B receive the tie

rods going to the jib head. Fig. 68

is the centre of a post head in which

the weight is partially taken on the

roller path. The head encircles the

post, but there is no great pressure

Fig. 67. on the end. More often instead

of using a loose plate like that shown

above, the hole for the post is cored only a part of the way

through the girder, but this leaves no means of compensa-
tion as the rollers and path wear down.
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Fig. 68.

Rollers are carried in frames or cross girders of varied
patterns.  Fig. 69 shows a case in which no separate frame
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is used, the roller pins fitting into lugs cast in the post, the
latter being illustrated in Fig. 19, p. 18.
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In the simplest cranes one roller frame suffices, in the
larger sizes three or four frames are required. Figs. 70, 71
E

Fig. 71.
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illustrate one of the first-named type, carrying four rollers,
running round the post A, so that in this case the weight of
the crane is sustained on the top of the post.

This frame fits between its side frames by the faces B B.

[ FHIITIRT

Fig. 73.

The jib feet are socketed into the seatings c ¢, which receive
the thrust due to the load ; pins that pass through the holes
D D simply prevent the feet from movement in their sockets,
and do not take any stress, At the hinder end a flanged
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bracket E is cast with the frame to recéive the foot of a
standard which carries bevel gears for slewing the crane.
The second-named type, that in which more than one
roller frame is required, occurs in the larger cranes. A
common example is shown in Figs. 72, 73, in vertical
section, and in plan respectively. In these Figs. A is the
post, BB are the cheeks, and c the roller path and curb ring
combined. There are four rollers, the front D, the back
one E, and the side rolls FF. D and E travel on the roller
path, FF steady the crane round the post. In larger cranes

side rollers often run on the path also, but on its flat upper
face. The three roller frames are indicated by the letters
G, H, and j; being front, back, and middle respectively.
The girder k is a combined stretcher, and bearing for the
shaft of the pinion L, that engages with the curb ring c.
The front roller D receives practically the whole of the
stress. Its frame or box G is shown separately in Fig. 74.
Its turned trunnion ends aa enter the cast-iron bearings
MM in Fig. 73, which are riveted to the steel frames, but
cast with cast frames, as at F in Fig. 43, p. 45. The necks
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marked 4 4 are encircled by the jib feet, one form of which is
illustrated in Fig. 40, p. 39. The interior of the box ¢ is
cored out to take the roller, the journal of which runs in
brasses fitted into the square seatings cc.

—— e
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Fig. 75.

The back roller frame H, is shown in Fig. 75. It is bolted
by its flanges between the side frames, and the roller either
runs in plain bored holes, or in a top brass, the space for
which is seen cored in Fig. 75.

Fig. 76.

The centre roll frame j is seen in Fig. 76. Tt carries two
rollers, the pins for which fit in the holes in the axis of the
casting. A facing is shown at 4, to receive a bearing for



Fig. 77.
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a slewing pinion, this arrangement not being illustrated in
the general view, Fig. 73. ]

Stretchers which do not serve the purpose of heads to
posts, or frames for rollers, carry lever bosses for sliding
gears on engine shafts, and other minor functions.

Fig. 78.

In the largest cranes of all, roller frames are abandoned,
and rings of live rollers running between paths of conical
section take their places. Fig. 77 shows this arrangement
as applied to a Titan crane. The main rollers a revolve on

the ends of the radial rods, which are fastened to a centre
casting B, and the rollers run between the paths c c, screwed
to the top and bottom circular girders pp. Intermediate
rollers E are simply carried between the rings F F, which
maintain them in proper radial refations. An enlarged
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section of a path is shown in Fig. 78, and one of a roller in
Fig. 79. The path is formed of steel bar bent to the circle.
It should properly be turned after bending, but when no
lathe large enough is available, such paths are planed to a
bevel first, and curved afterwards. The rollers are iron, or
steel castings, and the holes shown at a a, of which there are
four, are for getting the core out through. Only large
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Fig. 8o.

rollers are cored out thus, those of medium diameter being
dished in the way seen at D E, in Fig. 72. Those of small
diameter are solid discs, as in Fig. 71.

Sometimes cranes of large dimensions have a bottom
roller path only, and then the rollers may be carried as in
Fig. 8o, in bearings attached to a circular girder. They are
cast hollow, and revolve on their pins, which are prevented
from rotating by a nib next the collar.



CHAPTER VI.

THE BASES OF FIXED CRANES.

Two kinds of Crane Bases—Two Classes of Fixed Foundations—
Shallow Foundations—For Derricks—For Wharf Cranes—Deep
Foundations—Washer Plates—Standard Base Plate—Foundations
for Ships’ Cranes.

THE bases of cranes are fixed, or portable. In a fixed
crane stability depends upon the foundation, in a portable
crane on the relation which the wheel base, and gauge bear
to the radius, and load, or to an artificial base formed by
blocking girders, or to the holding power of rail clips.

When a base is fixed it is termed a foundation, when
portable it is a truck, or carriage.

Fixed foundations are of a varied character. They may be
divided broadly into two classes; those in which the post
goes no further down than the base plate, or the ground
line; and those for deep posts. Another division is that
of cranes the posts of which are rigidly fixed, the super-
structure alone revolving, and those in which the posts
revolve, the superstructure being attached to and revolving
with them. The latter is relatively a small class.

Foundations of the shallow type are shown in Fig. 81,
as used for derrick cranes. A goes under the mast, and BB
under the anchorages of the guys. A is subject to a down-
ward pressure. At BB the tendency is to lift upwards or
downwards, according to the position of the jib. When a
load is lifted with the jib in line with a backstay, then the
stay is in compression and the effect on the foundation



DERRICK FOUNDATIONS. 73

block is compressive. The foundations are of stone or
concrete. The footstep casting of the post is bolted down
on A, the tails of the sleepers are secured by the bolts which
go down to the bottom of B B. The foundations are larger

and deeper for BB than for A, being 5 ft. square and 4 ft.
deep for a 5-ton crane, with a 38-ft. jib; the centres of the
sleepers being 23 ft. away from the post centre.

The increase in the mass of foundations which is rendered
necessary by increase in the size of cranes is illustrated
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in the next figures 82z and 83, which represent respectively
those for the post and guys of a 3o-ton crane. The centre
casting A for the post is embedded in a mass of concrete 9

Fig. 82.

ft. square and 4 ft. 6 in. deep. The sleeper bolts, Fig. 83,
pass down through a mass g ft. square by 8 ft. deep, in which
the precaution is also taken of sloping the faces inwards in

A

L

Fig. 83.

dovetail fashion. The bolts in each case pass down through
the concrete to the bottom, through broad washer plates.
The centre casting it Fig. 82 not only carries the mast



Fig. 84.

%
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pivot, but also the slewing or curb ring, the latter being
bolted down on the top faces of the half-dozen bosses
distributed round the circumference of the plate.

A common type of surface foundation used for wharf
cranes in which the post is fixed, and the superstructure
slews, is shown in Fig. 84. It is a circular casting laid
upon concrete, or masonry, or heavy timber, and bolted
down with four long bolts passing through the lugs A A A A.
The face B receives the curb ring, and the centre hole ¢ the
post. - The stress on such a casting is constantly changing

I

Fig. 8s.

as the superstructure rotates, the side next the load being
compressed, and that opposite tending to lift.  The bolts
are calculated for tension, but the casting is designed to
withstand mixed stresses, for which experience is the only
safe guide. When such castings fail they generally rupture
at or near the central boss, due to the leverage of the load
at the post head. It is highly essential that the bedding of
the base on its foundation is perfect everywhere.

The usual pattern of deep foundations is that in which
two broad plates,—the base plate, and foundation plate—are
united with long bolts going down through concrete, Fig. 85.



FOUNDATION PLATES. 77

The foundation plate A is buried deeply in this, and the
base plate B lies level with the ground. Great depth is
necessary to afford the required stability. The crane post
c is carried down and stepped into the bottom plate. The
stresses on the foundation plate are very severe, and the
central boss is made correspondingly strong, as are also the
plated portions, and these too are stiffened with deep ribs.
The bolts are calculated for tension, and therefore work out
of large diameter.

The foundation plate is often omitted, and washer plates
substituted, similar to those in Figs. 82 and 83. A washer
plate is shown in Fig. 86 with its bolt head. The neck of

O

Fig. 86.

the bolt is made square to prevent it from rotating during
the tightening of the nuts at the top. When foundation
plates are used, cottared ends are often substituted for
square necks on the bolts—an example of which is seen in
Fig. 8s.

A standard type of base plate for light cranes and those
of moderate power is shown in Fig. 87, in plan, and cross
section, with the curb ring bolted upon it, and with a portion
of the post. The recesses for the nuts of the long bolts
which are tightened with a box spanner are seen at the
corners, compare with Fig. 85. The broad solid plate is
well ribbed, which with its concrete bedding renders it very
strong.
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Cases arise in whi