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PREFACEK.

——’-—

Trae following pages have the honour, and at the
same time, the disadvantage of being the first work
published—in this country—on the Conversion of Stone
by Machinery. The disadvantage to an Author in not
having books of reference on the subject on which he
treats is sufficiently obvious; and some of the short-
comings of the present work will, the Author trusts, be
kindly attributed to this cause. Although the conversion
of stone is one of the most ancient of all the mechanical
arts, 1ts conversion by means of machinery—in an
advanced form—iIs quite of modern origin. Much has
been done during recent years to develop this branch
of engineering, and although many obstacles have
presented themselves, very marked success has already
been attained. Ample scope, however, remains for still

further improvements.

In erecting stone-working machinery it is of the highest

importance that its principle of working be adapted to the
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nature of the stone to be operated on; and by judicious
smployment it can, without doubt, be made to effect an

immense saving over hand-labour.

The Author having had considerable experience in the
construction of stone-working machinery, trusts the hints
he gives may be found of service to those about to erect
such machinery, as well as to others who have it already

in operation.

Arrorp STREET, LoNDON, E.C.

September, 1897.
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STONE-WORKING MACHINERY.

CHAPTER 1.

INTRODUCTORY.

ONE of the most ancient of all the mechanical arts is that
of working and preparing stone for building purposes.
This is abundantly proved by the remains discovered in
Egypt, Greece, and other countries; and that the art of
the stonemason was also one of considerable importance
many centuries ago, can hardly be doubted, from the
constant reference made to it in Holy Writ and other
ancient histories. Notwithstanding the important part
the stonemason has played for centuries in the con-
struction of the great monuments and buildings of the
world, 1t 1s a somewhat astonishing fact that, till within
comparatively recent years, no improvement of importance
—s0 far as at present can be gathered—has been effected
n the processes of stoneworking, and the ancient mode of
sawing stone by means of a plate of iron stretched in a
frame, and reciprocated horizontally by the hands of a
sawyer seated before it, is still largely practised.

According to Manetho, Swesorthus introduced the art
of building with hewn stone; but the Pheenicians are
probably entitled to the credit of being the first users of

B
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2 STONE-WORKING MACHINERY.

the stone-saw, for we read that they erected the Temple
of King Solomon of stone sawn within and without.
The first buildings, however, of stone to which a date has
been assigned, are the Pyramids of Ghizeh.

According to Diodorus, the great wall surrounding
the city of Nineveh was 100ft. high, and so broad that
three chariots might drive abreast. Xenophon says that
this wall, up to 50ft. high, was composed of blocks of
fossiliferous limestone, smoothed and polished on the
outside. A tower is also in existence composed of large
blocks of marble, cut with great exactness, and joined
together without mortar or cement of any kind; the roof
consists of four large slabs of stone, reaching entirely
across from side to side, and measuring about 24ft.
length, and 6ft. in width, and from 18m. to 3ft. in
thickness. The slabs are cut to slope each way from the
diagonal lines, and were originally carefully clamped
together with iron clamps. A large portion of the
masonry of the palace at Khorsabad was of stone, square
hewn and of great size, laid dry and backed with bricks.

The obelisks, monoliths, and colossi of Ancient Egypt
now in existence prove, without shadow of doubt, that
the art of quarrying stone was well understood by
the Egyptians thousands of years ago. The obelisks
transported from the quarries of Syene, at the First
Cataracts, to Thebes and Heliopolis, vary fromn 70ft. to
93ft. in length. The largest monolithic obelisk 1n
Egypt is that at Karnak, and is calculated to weigh 297
tons. The statue of Rameses I1., when entire, 1s stated
to have weighed 887 tons, and no monuments of bygone
ages have excited more wonder, controversy, and specula-
tion, as to the manner of their quarrying, transport, and

erection, than those of Ancient Egypt.
Ancient paintings taken from Thebes illustrate the
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INTRODUCTORY. 3

various operations of bevelling, squaring, and chiselling
stone. The straight-edge used, appears to be a taut
cord, and the chisels and mallets much like our own. In
a tomb at Thebes workmen are represented mounted on
a scaffold, and working at a sitting Colossus of granite,
and in the large platform of the Temple of Baalbec are to
be found worked stones 64ft., 63ft. 8in., and 63ft. long,
with a height and width of 13ft.

Of the early history of stone-working by what may
properly be called machinery, very little 1s known.
Ausonius speaks of water-mills for cutting stone being
erected as early as the fourth century, on the small river
oeur in Geermany ; but what these mills consisted of 1s
not stated. Itisrecorded, however, that the earliest forms
of stone saws consisted of flakes of flint imbedded in a
wooden blade, and held in position by a composition of
bitumen.

Pliny conjectures that the saw-mill for cutting stone
was invented in Caria ; at least he knew of no building
covered with marble of greater antiquity than the Palace
of King Mausolus, at Halicarnassus. This was erected,
according to one authority, 350 B.c. This edifice 1s cele-
brated by Vitruvius for the beauty of its marble: and
Pliny gives an account of the kind of sand used for
cutting 1t ; for “it 1s the sand,” he says ‘““and not the
saw, which produces that eftect.” The latter presses
down the former, and rubs it against the marble ; and the
coarser the sand 13 the longer will be the time required to
polish the marble which has been cut by it. It appears
that stones of the soapstone-rock kind, which are much
softer than marble, were sawn at this period ; but it is
recorded that far harder glassy kinds of stone were sawn
or cut also ; for we are told of the discovery of a building

which was encrusted with cut agate, carnelian, lapis-lazuli,
B 2
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4 STONE-WORKING MACHINERY.

and amethysts.* The ancient Egyptians doubtless prac-
tised to a considerable extent the art of stone-cutting, as
many arched vaults of cut stone were found amongst the
ruins of Nineveh, and some are still remaining at Thebes.
The magnificent masonry of the Parthenon at Athens,
and many other ancient Greek temples, shows that stone
conversion was in a considerable state of development in
several countries many centuries ago, and it is generally
allowed that in the remains of ancient Greece the best
models of unmixed Dorie, Ionic, and Corinthian archi-
tecture are to be found.

Crassus 1s credited with being the first Roman who
embellished his house with sawn marble about 90 B.c., and
1t 18 recorded that several palaces of the Caesars were made
of it. Cornelius Nepos states that Mamurra, at a little
later date, was the first to use marble in this way, whilst
Artemis of Caria states that sawn marble was used for
building purposes several hundred years before these
dates.

In Italy, the dome of the Pantheon at Rome, which is
a hemisphere of 139 ft. dia., and the vaulted roofs of the
halls of the Baths of Diocletian and Caracalla, may be
cited as simple but grandly-executed specimens of Early
Ttalian stonework. The dome of St. Pecter’s at Rome,
built from the designs of Michael Angelo at the close of
the 16th century, affords a great example of the more
modern Italian school of stone-working., The ancient city
of Syracuse, in Sicily, exhibits remains which conclusively
prove, both from its buildings, and the enormous disused
stone quarries which exist in the neighbourhood, that
stone quarrying and stone-working were practised here in
ancient days to a very large extent.

* See Jannon de S. Laurent’s treatise on the cut stones of the ancients,
in Saggi di Dissertazioni nella Acad. Etrusca di Cortona, tom. 6, p. 56.
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INTRODUCTORY. 5

One of the finest pieces of polished marble-work to be
seen, perhaps, in the world, is the Taj, about three miles
from Agra. It consists of an octagon tomb, surmounted
by an egg-shaped dome 70ft. in circumference, and four
minarets 150 ft. in height. These are all built of pure
white polished marble, inlaid with one large flower mosaie;
composed of different coloured stones. The scereen of the
tombs 1s divided into compartments and panels, and
runs round marble cenotaphs that lie within. This
screen 1s of the purest marble, so pierced and carved as
to look like a high fence of exquisite lacework, but is
represented by those who have seen it as being far more
refined and beautiful. Along the panels are wreaths of
flowers composed of lapis-lazuli, jasper, heliotrope, chalce-
dony, carnelian, &e.

As far as this country is concerned, stone-working was,
of course, practised to a certain extent during the Saxon,
Norman, and following periods, and in the time of
Henry I. the choir of Canterbury Cathedral was paved
with marble, but 1t cannot be held that stone-working
arrived, in England, at any advanced state of develop-
ment much before the 16th century.

As regards the literature of stone-working, with the
exception of the old works by De Lorme (1568) and
Halfpenny (1725), very little record has been kept of
the early history ot the subject. A few modern works
have, however, been published; but no treatise, as far as
we are aware, dealing with stone-conversion by machinery :
1t 1s the aim, therefore, of the author, in a measure, to
supply this deficiency.

It may here be asked, What can machinery do in the
way of stone-conversion at the present time? This may
be briefly summarised as follows :—Stone may be sawn,
dressed, squared, faced, and polished, architrave mould-
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ings, cornices, ovolos, pilasters, astragals, ogees, scotias,
strings and other straight, undercut, and curved mould-
ings may be shaped and finished in every way superior
to, and at an immense saving over, hand-labour. All the
heavy work in small mouldings, panels, recesses, &ec.,
can also be worked. Hard flagstones, and even granite,
may be dressed; landings, copings, steps, channellings,
&e., may be tooled, granite turned and polished, and
many other operations may be performed too numerous to
recapitulate here. Although much has been done during
recent years, as regards the introduction of machinery
for working stone, ample scope still remains for inventors
1 this direction.

The adaptation of machinery to common uses in these
degenerate days of strikes, high wages, and short hours,
1s, without doubt, increasingly necessary to promote the
commerclal prosperity and progress of a nation. Mr.
Ruskin’s Utopian ideas may, as sentimental theories,
have something to commend them, but cannot for a
moment be practically entertained, and engineering
science must of necessity ever play a more and more
prominent part in the economy of production. It has
been many times maintained that the introduction of
machinery bears heavily on the working classes by dis-
pensing with manual labour: this fallacious argument
has, however, been sufficiently disproved by the fact that
the introduction of labour-saving machinery has not
lessened, but rather raised, the wages of skilled artisans,
as 1t 1s found the cheaper production creates the greater
demand. It has also been argued that machinery has
damaged art progress by reducing the production of
skilled handicraft to a mere dead mechanical level. This,
however, with men who have any art instinets in their
composition, 1s not the case; nor should it be with any,

INTRODUCTORY. B

but should rather act as an incentive for the Wor.kman to
attain to a higher art knowledge, both .theoretleajl and
practical, the results of which no mechanical cont.rlvance
can rob him of. At the same time, In stone-:workmg and
decorative construction, we take it that machl.nery shogld
be a powerful hand-maiden to art Workn}anshlp, by doing
much of the heavy, laborious preparation of the .crl?.de
material, leaving the skilled workman to give the finishing
touches to the whole. We do not claim for stoge-wo-rk-
ing machinery that it can at present pr(.)dl.lce the St.omed
windows richly dight,” and possibly 1t 1s as Wel.l in an
art sense that this is so; but we do claim that 1t may,
by being judiciously employed, be made not onl.y most
remunerative, but at the same time a help and assistance
to art, and not a hindrance, as is asserted by what may

be called the ultra-sentimental school.




3 STONE-WORKING MACHINERY.

CHAPTER II.
STONE SUITABLE FOR MACHINE CONVERSION.

THE stones used in building may be classed under four
general divisions—viz., Limestones, Sandstones, Granites,
and Slates. ILimestone, including magnesian limestone,
and the oolites in their different varieties, is undoubtedly
the most 1mportant class of stone used in building
operations, as 1t combines considerable durability with
tolerable facility in working. Limestones are composed
of carbonate of lime, and the carbonates of lime and
magnesia mixed with foreign matters in variable propor-
tions, and often with oviform bodies called oolites.

Sandstones are principally silicious, and are generally
laminated, especially if they contain mica; they arve
generally composed of either quartz or silicious grains,
cemented by silicious, argillaceous, calcareous, or other
matter. Granite is of granular structure, and owing to
its crystallisation and hardness, i1s extremely difficuit
to work; 1t contains, in varying proportions, quartz,
felspar, and mica, and the variety of the proportions in
which these are found gives the various colours.

Stones used 1n building construction are generally
known either by the names of the places from which they
are quarried or from the chief or some special ingredients
of their composition. The term * freestone  is applied

STONE FOR MACHINE CONVERSIOMN. 9

indefinitely to that kind of stone which can be wrought
with a mallet and chisel, or cut with a saw, and it
includes the two great divisions of limestones and sand-
stones.

Stones used for conversion into mouldings, &c., by
machinery, should be free and even in texture and
hardness; very tender stones are unsuitable, as also
those stones which contain much shelly fossil deposit,
especially 1f the shells should be hard and ecrystalline ;
but from a casual examination of a stone, owing to the
varied nature of its constituents, it is almost impossible
to tell whether 1t will work satisfactorily ; the best plan
18 to try it on a machine. Stones that are much
laminated in their structure are not suitable for deep-cut
mouldings ; they may be used for facings, but should be
dressed and placed so that their planes of lamination
may be 1n a horizontal position, or in the same posi-
tion they held in the quarry. Should they be placed
in a vertical position, decomposition will take place in
tlakes.

The stones of the nature of Bath, Portland, Caen, and
York, and most kinds of freestones, can be readily worked
by machinery. For outside moulding, the stone selected
should be clean and bright, and uniform in colour, which
generally 1mplies uniformity of structure. Stones that
absorb much moisture, or are much affected by frost, or
the carbonic acid of the atmosphere, should be avoided.
To ascertain whether a stone is especially susceptible to
1mbibe moisture, immerse it in water for a few days, and
weigh 1t carefully before and after immersion. The
hardest stones are not always the worst to work, those of
a rough gritty nature being in many cases more difficult
to operate on.

If the stones used are somewhat tender, to avoid
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breaking the arrises when they are being dressed or
moulded, revolving cutters will be found better for this
kind of stone than fixed ones, which take a scraping cut,
and are more likely to “ pluck ” the stone—that is, force
pieces out of it below the surface. Hard limestones,
or even granite, may be dressed to a surface, but are
extremely difficult to mould. The softer kinds of stones,
such as Bramley Fall, Newcastle Grit, &c., can, with a
little care, be readily planed or moulded. Stone that
is crumbly or short in the grain is unsuitable. Hard
grit stone or flag paving, magnesian limestones, and
oolites, may be dressed to a plane surface.

In selecting stones, it should be borne in mind that the
hardest stones do not necessarily possess the greatest
toughness or tenacity; those which contain a large
amount of silex are usually very brittle ; and, therefore,
difficult to work ; they are, however, extremely durable.
Argillaceous stones, which usually contain a considerable
amount of iron and argil or clay in their composition,
are, as a rule, unsuitable for machine conversion, as, after
exposure, the surface generally shivers off. This is
attributed to the action of the oxygen of the air, in com-
bination with the iron contained in the stone, causing the
latter to swell and shiver away on the surface.

Alabaster may be readily worked into mouldings 1f
carefully handled. Two varieties of stone are called
alabaster—viz., gypsum and stalactitical limestone, which
is similar to granular limestone. The gypsum alabaster
is a sulphate of lime; but, being very soluble in water,
is entirely unsuited to outdoor work. Slate, unless it be
rotten or shaly in its character, can be worked by
machinery with facility.

After the stone is obtained from the quarries, and
before use, it should be exposed to the sun and winds, so

STONE FOR MACHINE CONVERSION. 1

that the damp or ‘‘ quarry sap ” is dried out of it, and
the stone thoroughly seasoned, before being placed in a
building ; the length of time necessary for this seasoning
process, of course, would vary according to the nature of
the stone and situation of the quarry; but from six to
twelve months is usually sufficient. A considerable
quantity of freshly-quarried stone is often, without doubt,
worked up and put into buildings, and with some kinds of
stone possibly without much detriment: but with the
softer stones, such as Bath, this practice is very detri-
mental to its wearing powers. In some quarries during
the winter the stone 1s dried by means of coke-fires
burning in open grates; this drying is, however, only
partial, and not by any means so effectual as the natural
alr, or summer-drying process.

No certain rules can be laid down for testing the nature
of the various stones; this resolving itself chiefly into a
matter of practical experience. The following tests are,
however, sometimes practised. A piece of stone is taken
fresh from the quarry and squared up, to give sharp edges
for examination of its texture by a lens, and to test its
hardness by means of a knife or chisel. Those stones
that are easily cut or scratched effervesce rapidly by dilute
hydrochloric acid, and the durability of stone may, in a
degree, be ascertained by the rapidity or slowness of effer-
vescence. Most limestones are easily scratched, and
eftervesce rapidly under acid; magnesian limestones and
dolomite do mnot effervesce quickly; and some, like
gypsum sandstone, do not eftervesce at all. The texture
of a stone can be tested by chipping an angle. The blow-
pipe 1s occasionally used for testing stones, and those
which contain much carbonate of lime are soon reduced
to quicklime ; some yield copper, lead, &c., and are more
or less fusible under the action of strong heat. By
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saturating stones with water, and exposing them to the
action of cold as produced by freezing mixtures, valuable
results as to the resistance of various stones to action of
the weather, may be obtained. Such a plan, however, 1s
difficult and tedious, and a Mr. Brard, after many trials,
found that sulphate of soda very closely resembled in 1ts
action on stone, the freezing of water. A saturated
solution of sulphate of soda was made in cold water, the
stone was immersed, and the solution boiled for half an
hour ; the stone was then taken out, and put into a plate
with a little of the solution. It was then left for 24
hours in a cool place, and was covered with a snowy
efflorescence, the liquid having disappeared, either by
evaporation, or by absorption. The stone was then
sprinkled gently with cold water, until all the saline

particles had disappeared from the surface. After this

first washing, the surfaces of the stone were covered with
detached grains, scales, and angular fragments, and the
stone being one that was easily attacked by the frost, the
splitting of the surfaces was very decided.

One writer on the subject says :—The causes of dura-
bility of stone, and the correspondent causes of failure
and decay, are either chemical or mechanical, and may
be described either as decomposition or disintegration.
Durability also depends much on the power of resistance

to wear.

Decomposition is caused by some of the elements of the
stone entering into such new combinations with water,
gases, or acids as render them soluble either by the air
or water. Granite, though the hardest of building stones,
is liable to serious decomposition when the feldspars are
alkaline, and will unite with water or acids. Some
qualities of this stone are rapidly decomposed by the sea,
and the same is the case with many of the limestones
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Stones containing iron are also liable to decayv. In its
native state it is usually in a low state of oxidation, and
is liable to be acted upon by additional quantities of oxy-
gen or carbonic acid. This sort of decomposition is
much increased by being alternately wet or dry, or by
frequent changes of temperature. Stones, however, con-
taining iron in a high state of oxidation as rosso antico,
porphyry, &e., do not readily become decomposed. The
most curious discovery of modern times is with regard to
the magnesian limestones and dolomites. These were
chosen for the Houses of Parliament on account of their
durability. The work at Southwell Minster, 800 years
old, bears every mark of the tools to the present day, and
every circumstance seemed to justify its selection. Tt
appears, however, that magnesia has a great affinity for
sulphur; and the consequence is, the sulphurous acid
which 1s present in such quantities in the smoke of Lon-
don, has already caused serious decomposition in that
building, as well as in the Lincoln’s Inn Hall. This acid
has also so much effect on the softer limestones, that the
fronts of several important buildings, Buckingham Palace
among the rest, have been obliged to be painted to save
them from decay,

Disintegration, as has before been said, is the separation
of parts of stone by mechanical action. The chief cause
1s the freezing of minute portions of water which get into
pores, or fissures, or between the laminge of stones, and
swell slowly as crystals of ice are gradually formed, and
consequently burst open the pores, or split the grain of
the stone. The south sides of buildings, in northern
climates, suffer more than others, as their surface becomes
thawed and filled with wet in the day, and frozen again at
night, more frequently than the others. A very common
error 1n the present day is the not taking care to set
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stones with their lamine or grain, or as the workmen
call 1t ““bed,” 1n a horizontal direction. If work be
““ face-bedded, ”’ the action of the weather will cause the
laming to scale off one after the other, just as the leaves
of a book fall over, if the volume be placed on its back in
an upright position.

lesistance to wear 1s another obvious cause of durability,
but this depends rather on the toughness, than the mere
hardness of material, a quality often attended with brittle-
ness, as also on its situation. The crushing weight of
Portland 1s about 10,000, while that of York is abont
12,000, or one-fifth more, but in many situations
Portland steps will last much longer than York. Again,
the crushing weight of Peterhead Granite is about
18,000, or not quite double that of Portland ; whereas if
used as street paving, 1t would out-last six sets of the
latter.

The most important building-stones found in Great
Britain are the following :—

Granites, produced chiefly in Cornwall, Devonshire,
Leicestershire, Aberdeenshire, and in Wicklow and
Carlow, the Channel Islands, Isles of Lundy, Anglesea,
and Man.

Porphyries, Syenites, Filvans, which are obtained from
Cornwall, Devonshire, Leicestershire, and many parts of
Scotland and Ireland.

Sandstones, the chief quarries of which are in York-
shire, Derbyshire, Shropshire, Herefordshire, Monmouth-
shire, Surrey, &c., and in several of the Scottish counties.
The Derby Dales, Cragleith, and other celebrated stones
belong to this class.

Mullstone Grit 15 found largely in Derbyshire, York-
shire, and in most of the coal-producing districts.

Magnesian Luvmestones or Dolomites are chiefly obtained
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from Yorkshire, Durham, Northumberland, Derbyshire,
and Nottinghamshire.

Oolites, found at Bath, Portland, Ancaster, Ketton, and
other places.

Limestones.—These are very varied; the Purbeck
marble, the Derbyshire marbles, the Iias beds, the
Devonian limestones, and the mountain limestones being
examples.

Slates.—These are obtained in North Wales, Devon-
shire, and Cornwall, and in some parts of Scotland and
Ireland.

Kentish  Rag 1s obtained chiefly near Hythe and
Folkestone.
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CHAPTER III.

ARRANGEMENT OF STONEWORKS FOR GENERAL PURPOSES.

Ix arranging works for the conversion of rough stone
into the various finished forms used in building construe-
tion, the selection of a suitable site, and the general
arrangement of the building and machinery 1S & matter of
very great importance in securing economy of working.
No arbitrary rules can, of course, be laid down; but
advantage should always be taken of the site with refer-
ence to rail, road, or water carriage, as much money may
be lost through unnecessary haulage. Each site must be
judged on its merits. If the stone converter 18 a quarry
owner, and the quarry is tolerably easy of access, 1t may
be well to erect the stoneworks contiguous to the quarry,
so that the rough stone may immediately be reduced 1
size and rendered more portable, If, however, a tramway
is laid to convey the stone to a railway, a mill near to or
alongside the railway line has some advantages. Again,
should water-power be procurable in the neighbourhood,
by all means take advantage of it, if anyway possible, as
it will pay much better to run a tramway to the water,
than to use steam or other power. Unless the works are
very extensive, in which case it may pay to lay downﬁa
railway of the ordinary 4ft. 83in. gauge, a tramway of 2t.
gauge will be found suitable : this can be laid with cross
sleepers and 161b. bridge rails, at a cost of about £475 to
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£500 per mile, should no difficulties of site occur. A 2ft.
tramway will also be found more convenient than a wider
one for traversing the quarry, machine shop, and finishing
sheds. The size and shape of the building, containing
the various stone-working machines, should be varied
according to the na-

ture of the work to '
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speaking generally, it 2

should be as open as T A
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possible, so that a free || 1T
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on, or removing them from the various machines passing
between them ; if first cost is no object, however, the
whole area is best covered in. In this case the buildings
should be lofty, and the masons’ berths arranged on the
opposite side of the mill, and at a sufficient distance
away that the chips and dust from their chisels could
not penetrate the bearings, &c., of the stone-working
machines, or they will rapidly deteriorate. The various
bearings should in all cases be protected from the dust
made by the machines themselves; but on these points
we shall have something further to say. In our plan
we suppose steam to be the motive power, and this we
arrange in a building (Nos. 9 and 10) which is entirely
separated from the works. The engine represented 1s a
95h.p. horizontal high pressure or compound, with a pair
of 15h.p. cross-tubed Cornish boilers. No. 1 represents a
horizontal double stone sawing frame. No. 2 represents
a circular sawing machine, for converting large blocks of
stone as they come from the quarry into slabs or other
required form, and also for squaring up and facing blocks.
No. 3 is a stone-rubbing or surfacing table. No. 4 1s a
stone-dressing machine. No. 5 is a combined stone-
planing and moulding machine with horizontal cutter
barrels. No. 6 represents a stone-moulding and planing
machine with vertical cutter barrels. No. 7 1s a grind-
stone. No. 8 is an emery wheel-cutter grinder. No. 11
is stores, and Nos. 12 and 13 offices. No.. 14 under-
oround shafting. No. 15 tramway. For repairing
cutters, machines, &c., and tool-making, a small shop for
blacksmith and fitter should be added; this, in addition
to the usual tools, should contain a lathe, which could be
driven from the main shaft.

It will be found most convenient to arrange the main
shafting -(No. 14), which is 8in. diameter, underground ;
it should make about 100 revolutions per minute. Owing
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to the stone-dust flying about, especial care must be
taken as to the lubrication of all bearings, which should
be closely fitted with sheet-iron guards to keep off as
much of the dust as possible. As a lubricant we can
recommend the following :—good lard oil 75 parts,
powdered plumbago 25 parts. If the bearings are heavy
and subject to much strain, the proportion of plumbago
may be increased up to 40 parts. Should a water-wheel
or turbine be used as the motive power, a reservolr
should, if possible, be formed, or at any rate a considerable
reserve supply of water obtained. As regards the most
suitable types of water-wheels to employ, the user must,
of course, be guided by the exigencies of the site, water-
supply, &c.; but for information on these and other
kindred points, as regards motive power, we refer our
readers to our recently-published book.*  Should a
steam-engine be employed to give the motive power, we
are in favour of a long-stroke engine, running at a
moderate rate of piston speed—say an engine with
a stroke twice the diameter of the cylinder. In this case
the steam should be cut off early and expanded for the
rest of the stroke. Where low first cost 1s not an object,
a compound engine is to be preferred. In selecting an
engine, it should be borne in mind that large cylinder
diameter does not necessarily mean large power; it
depends also on the mean pressure, and the piston speed.
All the wearing surfaces and steam passages should be m
proportion to the cylinder diameter : if this latter 1s too
large, the cylinder pressure is reduced, and a considerable
amount of steam wasted. As regards the boilers, under
ordinary conditions Cornish or Lancashire boilers fitted
with cross tubes are perhaps, taken altogether, to be pre-
ferred ; but should the water used be very pure and the

# ¢ Saw Mills : their Arrangement and Management.”” Crosby Lock-

wood & Co.
c 2
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attendant efficient, a locomotive or tubular boiler may be
used with advantage. An overhead travelling crane should
traverse the full length of the mill and yard, and ample
facilities in the shape of hoists, blocks, and falls, stone
trucks, &ec., for readily lifting the stone on and off the
various machines and moving it from place to place, should
be provided. The plan on which the works (Fig. 1) are
designed is that the rough stone should enter the mill at
the end near the engine-house and pass immediately to
the horizontal and circular saws (Nos. 1 and 2); it thus
becomes at once reduced in bulk and rendered more
portable on its passage through the various dressing,
shaping, and moulding machines. Klaborate or recessed
work, &c., which requires finishing by hand after leaving
the machines, passes by means of the tramway to the
masons on the opposite side of the mill. If the blocks
are brought from a quarry some little distance off, they
can readily be hauled along the tramway into the works,
either by the engine itself, or by means of a hauling
apparatus, which may be fixed below the floor, or carried
in hanging brackets. Should it be found convenient to
fix it below the floor, it would be necessary to pass the
chain or rope over the snatch block, so as to bring it on
to the level of the mill floor. The apparatus consists of a
cast-iron barrel driven by toothed gearing, motion being
imparted by a belt working on to fast and loose pulleys,
which can be thrown in or out of gear as required. In
many quarries a water-balance tank on wheels and
running on an incline is utilised for bringing up blocks ;
its utility, however, depends on the exigencies of the site,
but in some cases it may be made very serviceable. The
centre of the works between the tramways may be used
for storing blocks of stone, so that they may readily be
placed on. the various machines as required. Sufficient
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space should be allowed between all the machines for the
ready handling of the stone. The floor of the works
should be kept damp and the stone-dust cleared away
periodically, as it is injurious both to the workmen and
machinery. If the establishment is a permanent one, the
floor should either be of concrete or asphalted. A tunnel,
passing in a line under the various machines, as is usual
in modern wood saw-mills, can also be used with ad-
vantage in getting rid of the stone-dust. In arranging
the works care should be taken that the motive power 18
ample to drive the various machines, as irregularity in
driving, through insufficiency of power, is detrimental
to quality and output.

Should the boiler-power be ample, and 1t be found
necessary to erect an additional saw-frame, a small
horizontal engine with a long stroke may be coupled
directly on to the saw-frame; for a double frame, arranged
to cut two stones at the same time, an engine with an
S8in. cylinder by 24in. stroke will be found suitable. A
fly-wheel of extra heavy section should be used to balance
and secure uniformity in running.

In the stoneworks or quarry, a method of working
should in all cases be decided on, and good order kept ;
dirt and confusion are in every way objectionable. Iach
man should know his own particular work, and be made to
do 1t without hurry or bustle. All the plant and tools should
be under the control of one man, who should be answerable
for their condition and efficiency. We consider a system
of piecework advisable wherever it can be practised.

Before deciding on the exact type of machine or cutters
to employ for shaping or moulding, the stone should be
thoroughly well tested, as the cutters or type of machine
that may suit one kind of stone may be quite unsuited to
another.
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CHAPTER IV.

STONE-SAWING FRAMES,.

Tue first operation in the conversion of stone, after it
leaves the quarry, is the dividing it into blocks or slabs
of suitable or convenient size for general building pur-
poses. In doing this by hand, a blade of soft won 1s
used ; this is usually about 4in. wide, and 1s fitted into
a rectangular wooden frame, which is expanded or kept
asunder by a pole, which rests at each end against a
loose block of wood, called a bolster; the blade 1s
generally kept in position by means of pins, which pass
through either end of it, and fit into notches, formed in
the side-pieces or heads of the wooden frame. The blade
is strained by a chain, arranged in two parts, but con-
nected by a rod, on which 1s turned a right and left-
handed screw, which 1s fitted into nuts. Holes are
provided in the rod, in which a lever or *tommy” may
be inserted, to tighten up the chain, as may be required.
In sawing stone the edge of the blade 1s usually rounded
and used with a rocking motion, so as to make it bite
deeply, first in one place and then in another, rather
than uniformly all along the cut. We may here remark,
that the term ‘sawing,” as applied to cutting stone—
with the exception of Bath and other very soft stones, for
cutting which, saws with teeth are now generally used—
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with a straight blade of iron, is a misnomer, as the piece
of iron used is not a saw at all, its edge being smooth and
unprovided with teeth; its action is really an abrading
one, and not a cutting one, the particles of stone being
separated or divided by friction. As, however, the term
““ stone-sawing ” is universally employed, to make our-
selves understood, we shall continue to use it. The
stone is divided by the blade acting on sand and water,
the small hard particles of the former taking the place of
the teeth of an ordinary saw, the water at the same time
somewhat softening the stone and keeping the saw-blade
cool. For cutting soft stone, coarse sharp sand is used,
whilst for hard stone or marble very fine sand 1s em-
ployed, and, preferably, that containing flinty particles.
The sand should be carefully washed and sifted, so that
the sandy particles do not exceed a certain size, and to
clear it of extraneous matters, and the cutting-action of
the saw is thus much improved ; this is a point, however,
often neglected or lost sight of. The fineness of the
sand should be varied according to the nature or hard-
ness of the stone to be cut, as should sand of an
improper degree of fineness be employed, the work of
finishing or polishing the stone is considerably increased.
The quantity of sand and water necessary must be
left to the experience of the workman. When sawing
by hand, to overcome the excessive weight of the
saw and frame, a pole or frame fitted with a cord
pulley and counterpoise weight is usually suspended over
the saw ; this of course lessens the labour of working the
saw backwards and forwards, but its cutting-speed 1s
reduced at the same time in proportion to the weight
suspended. Care must be taken in working that small
stones do not get under the saw, or it will roll backwards
and forwards without cutting.
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In sawing stone, whether by hand or machimery,
extreme care should always be observed in marking out
the stone, so that it may be converted to the best ad-
vantage, especially noting any faulty places, so that the
part of the stone containing them may not be entirely
wasted. All lines should be carefully plumbed before
commencing to saw, and very great care taken that the
saw or saws run in an exact vertical plane, or ‘‘galls”™
will be formed, which will have to be ground away
—with considerable loss of time and labour—on the
rubbing-bed.

Keeping the saw in a vertical line, when cutting by
hand, is a matter of great difficulty, the narrowness of
the blade rendering it specially liable to twist. Taken
altogether, from its slowness and the constant vibration
of the saw from the unevenness of the motion given to
it by the workman, stone-sawing by hand, except for
small blocks, is a tedious and unsatisfactory process,
and one that can well be replaced by machinery. We
shall have something to say as to the guiding of saws
elsewhere.

As these pages may fall into the hands of students or
others unacquainted with stone conversion, we may here
with advantage briefly explain the action of a horizontal
stone-sawing frame worked by steam or other motive
power. The machine consists of a main iron or wooden
framework, in which is suspended by four weighted

chains working over pulleys fitted at the top of the mamn’

frame, a rectangular iron frame longer and wider than the
block of stone to be cut. In this frame are fitted, in a
vertical plane, a number of wrought-iron blades or saws
set at such distances apart as it is desired to cut the
stone in thickness. The blades are fed into the stone by
their own weight and that of the swing-frame which 1s a

i
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little in excess of the counterbalance weights, which are
attached to the ends of the chains, by which the saw,
swing, or vibrating frame 1s suspended. A horizontal
reciprocating motion 1s imparted to the saw-frame by
means of a slotted pendulum, to which 1s attached a
connecting rod and crank, which receives its motion from
a main or counter-shaft. The saws and frames are raised
usually by a hoist or pulley blocks, and made to rest on
the stone to be cut, suspended over which is a little
apparatus or cistern, which supplies to each of the blades
the requisite sand and water necessary for them to work.
As the cutting progresses, the saws gradually pass down-
wards through the stone, which 1s thus divided into slabs
or blocks.

As regards the date when machinery for sawing stone
was introduced into KEngland, some doubt exists. It is
said that machinery for sawing and polishing marble was
first established at the village of Ashford, near Bakewell,
Derbyshire, in the year 1748, water being the motive
power. Dressed granite is stated to have been used about
1780 ; and Macdonald and Leslie, of Aberdeen, are cre-
dited as being the first who sawed and polished granite by
machinery. Gordon Hospital, erected in 1739, was partly
built of dressed stones of granite, but even then sand-
stone was used to form the lintels and facings. It is re-
corded, however, that granite ornaments were many years
before this turned in a lathe and polished with sand and
emery.

In the year 1777, Samuel Miller, sail-maker, of South-
ampton, 1nvented a circular sawing-machine, which he
called a perfectly new machine, for the more expedi-
tiously sawing all kinds of wood, stone, and ivory ; and it
is stated the motive power he employed was a horizontal
windmill. Devices for working m stone were invented by
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Sir Samuel Bentham, in 1793, and by Joseph Bramah, in
1802. Bramah claims, in his specification, which consists
chiefly in improvements in wood-working machinery,
certain machinery which may be worked by animal, ele-
mentary, or manual force, and which said effects are to
produce straight, true, smooth, and parallel surfaces on
wood, stone, and metals.

Sir George Wright, Sir James Jelf, and a Mr. Brown,
early in this century, made various improvements in
machinery for sawing stone. Sir George Wright’s method
of cutting a cylindrical pillar is worth recording, and may
be thus described :—When a completely cylindrical pillar
1s to be cut out of one block of stone, the first thing will
be to ascertain in the block the position of the axis of the
cylinder ; then lay the block so that such axis shall be
parallel to the horizon, and let a cylindrical hole of from
lin. to 2in. diameter be bored entirely through it. TLet
an iron bar, whose diameter 1s rather less than that of
this tube, be put through it, having just room to slide
freely to and fro as occasion may require. Each end of
this bar should terminate in a screw, on which a nut and
frame may be fastened. The nut-frame should carry thin
flat pieces of wood or irom, each having a slit running
along 1ts middle, nearly from one end to the other, and
a screw and handle must be adapted to each slit; by these
means the framework at each end of the bar may readily
be so adjusted as to form equal isosceles or equilateral
triangles ; the iron bar will connect two corresponding
angles of these triangles, the saw to be used two other
corresponding angles, and another bar of iron or of wood
the two remaining angles, to give sufficient strength to
the whole frame. This construction will enable the
workmen to place the saw at any proposed distance from
the hole drilled through the middle of the block; and
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then, by giving an alternating motion to the saw-frame,
the cylinder may at length be cut from the block, as
required. This method was first described in the col-
lection of machines approved by the Paris Academy. If
1t were proposed to saw a conic frustum from such a
block, then let two frames of wood or iron be fixed to
those parallel ends of the block which are intended to
coincide with the bases of the frustum, circular grooves
being previously cut in these frames to correspond with
the circumferences of the two ends of the proposed frus-
tum ; the saw, being worked in these grooves, will mani-
festly cut the conic surface from the block.

America claims that Oliver Evans, of Philadelphia, in
1803, had a double-acting high-pressure steam-engine
at work grinding plaster and sawing stone, and that he
drove twelve saws in heavy frames, sawing at the rate of
100ft. of marble in twelve hours. We can find no record,
however, as to the construction or working of this
machine.

Some sixty years ago, a marble-sawing and polishing
mill was erected in the neighbourhood of Kilkenny by a
Mr. Collis ; 1t has been represented as being remarkably
simple and efficient, and is described as follows :—One
water-wheel, 10ft. diam., with twelve floats, gave motion by
a crank at one end of its axle to a frame containing twelve
saws, and by a crank at the other end motion was given
to a frame of five polishers, and beneath these again was
arranged another frame carrying eight more saws. It is
stated that the saws were made of soft iron, and lasted
about a week ; they were constantly supplied with water
and sand, the latter taken from the bed of the River Nore,
and washed till nothing remained but very fine and pure
silictous particles. The marble taken from the mill was
first polished with a stone called cove stone, which is a



28 STONE-WORKING MACHINERY.

brown sandstone imported from Chester, and is said to
be so called from being used in chimney coves. It was
afterwards polished by a hone-stone, which is a piece of
smooth nodule of the argillaceous iron ore, found in the
hills between Kilkenny and Freshford ; it received its
final polish in the mills with rags and putty.

Various other small improvements were from to time
introduced, but the real father of modern stone-working
machinery was the late Mr. James Tulloch, of Isher-
street, Millbank, who invented, in the year 1824, and
erected, a most complete plant of stone-working machinery,
including straight and circular saw-frames, rubbing,
recessing, planing, moulding, and polishing machines.
In the patent taken out by Mr. James Tulloch, for
““ improved machinery for sawing stone,” the machinery
was arranged to work by steam or other power; and it
appears from the specification that the patentee applies
his mechanism In sawing and the forming of grooves,
mouldings, cornices, pilasters, &c., of marble, or other
stone, by means of properly indented instruments, which
are to traverse the face of the stone, suspended in a
suitable frame. By suspending the saw or tools in this
manner the inventor considered a great advantage was
gained, as they were thus kept m a perfectly hori-
zontal line, so that the face of the stone was acted
on uniformly in all its parts, and the hardest parts
reduced equally with the softest. We have before us an
old engraving of this stone-sawing frame, and the neat-
ness of its general arrangement merits, we think, a short
description :—The block of stone to be sawn is fixed on
a truck and operated on by a number of saws fixed
parallel to each other in a frame. The ends of this
frame are formed on the under-side into inclined planes,
which run upon two anti-friction rollers, so that when
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motionis given to the saws, each end of the frame will alter-
nately be lifted up, and allow the sand and water (supplied
from a small cistern) to descend into the fissure. The
anti-friction rollers are attached to two slides, placed in
grooves m the upright posts, and are suspended by two
chains wound round drum-barrels fitted to a shaft which
revolves in bearings fixed above on the main wooden
framing of the machine. This shaft carries another
barrel and a large grooved pulley. Over the latter, by
means of a rope, is suspended a weight, which partly
counterbalances the weight of the saws and frame; a
chain passes round the third barrel, and is attached at
the lower end to a sliding piece on a vibrating beam.
Motion is given to the saw-frame by toothed gearing
acting on the separate crank-shafts, which, through the
medium of connecting rods and the vibrating-beam, gives
alternate motion to the saws. The several pulleys to
which the frame is suspended admit of its regular descent,
and with a uniform pressure, as the weights of the saws
and frame are heavier than the counterbalance. Taken
altogether, this machine must be held to be thoroughly
practical, and reflecting great credit on its designer ; and
whilst discussing the various other machines, we shall
again and again have to refer to Tulloch’s name.

In the year 1833, a Mr. G. W. Wilde took out a patent
for 1mprovements 1n the sawing of marble, or other
stone, by means of a revolving circular metallic plate,
smooth, or not serrated on the face or edge, and applied
with sand and water, as 1s done with the straight saw ;
and also for marking on the surface or periphery of a
metallic or wooden cylinder or wheel, the converse of the
intended moulding or grooving, by means of which a
series of mouldings or grooves can be wrought on a
surface of marble or stone at one operation, with sand
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and water, and in like manner polish with putty, buff, or
pumice-stone, or other polishing material.

In 1848, Mr. J. C. Wollaston took out a patent for
improvements in machinery for cutting marble and stone,
which included special appliances for cutting pipes or
tubes of those materials. About the same time (1843), a
stone saw-guide was patented by Hutchison; this con-
sisted, briefly, in making the saw-frame run between
guides of wood, which extended across the room when the
saws were at work.

In a horizontal stone-sawing frame of recent construc-
tion a new form of skeleton frame has been employed.
The sawing or swing-frame is made without sides, having
only a front beam, and a peculiarly formed back beam.
The sawing plates are tightened by means of rods or
plates connected to ears or lugs on each of the upper
portions of the back and front beams. Through the
centre of the beams are shafts working in bearings fitted
in adjustable boxes carried by roller carriages. The
roller carriages have each one or more rollers, or anti-
friction bowls, to enable them to work freely up and
down the face of the upright pillar or main framing of
the machine. Each roller carriage has a projection fitted
with steps to carry the beam shafts, and each roller
carriage is carried by chain or rope from its own end.
The chain or rope passes up the face of the pillar over a
pulley on the top beam, around a shatt or spiked wheel ;
then along the top beam over another pulley, and down
the face of the other upright pillar, and attached to the
other end of the roller carriage, where it is fixed. The
sawing-plates ave cottered and kept perfectly tight by the
resistance of the rods or plates connecting the ears or
lugs of the end beams of the saw-frame.

The author has recently tried with success sawing
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stone and marble by means of an endless steel band,
after the fashion of a band saw for sawing wood, but in
lieu of teeth, the edge of the blade was kept rough, and
supplied with sand and water or emery in the usual way.
For irregular sawing this will be found extremely useful ;
the chiet difficulty to contend against is the saw buckling
and running from the line. Speed of saw about 250ft.
per minute.

The main framing of stone-sawing machines is pre-
ferably made of iron, as any little extra outlay thus
incurred 1s counterbalanced by increased stability and
freedom from vibration. With this end in view, it will
be found advantageous to arrange the trucks carrying the
stone to be sawn to run on the foundation frame, so that
the whole weight of the stone and the trucks is concen-
trated on the machine, and utilized in overcoming the
vibration caused by the saws when in motion.

Should the framework be constructed of timber, it
should be very firmly braced together, and bound with
iron at all the joints, care being taken that the timber
employed 1s sound and well seasoned. The vibrating or
swing-frame which carries the saw should combine great
strength without excessive weight, and with adequate
arrangements for setting the blades. The chains by
which the swing-frame 1s suspended to the cross shafts of
the main frame should work freely in pulleys, and a
selection of weights supplied, so that the frame may be
accurately balanced, and adjusted according to the nature
of the stone or the speed 1t 1s desired to cut. This is a
point of importance, though often neglected if a series of
weights are not to hand. A good sawyer, on seeing the
nature of the stone he 1s operating upon, should adjust
his weights, or in other words, the speed of his cut, to the
greatest nicety. Means should be taken that the swing-
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frame can be readily raised and lowered, and that the
cutting-blades are kept in an exact vertical plane. The
pendulum used to give motion to the swing-frame should
be slotted for a considerable distance, so as to allow the
saws to pass through large pieces of stone. The swing-
frame must have a steady and uniform stroke from top to
bottom of the cut. @ Where more than one machine is
employed, it i1s preferable to drive them by means of
cranks and connecting-rods, on to a countershaft fitted
with fast and loose pulleys, as thus one frame may be
thrown out of work without stopping both, as is the case
when the connecting-rod is coupled directly on to the
main shaft. Adequate means must of course be taken to
afford the saws a constant supply of sand and water. A
complete set of packing-pieces or other means of adjust-
ing the saws to equi-distances apart should in every case
be to hand.

Various plans for supplying sand and water to the
blades are in use. The following can be recommended
on account of its simplicity and efficiency :—Make an iron
cistern for water about 2ft. 6. long, by 1in. high by 1ft.
wide, and fit on each side of it, say, 15in. water-cock.
The water will be allowed to flow slowly through these
cocks and fall into an equal number of grooves formed
in the bottom of boxes filled with sand. These grooves
should be so constructed that the sand and water flow
out together, through suitable openings on one side of the
boxes, and directed into the various saw fissures. A
grooved sand-box should be arranged on either side of
the cistern, so that two streams of sand and water are
directed to each blade, one on either side of it.

For vertical guides to the saw-frame we prefer anti-
friction rollers fitted in small carriages, and arranged to
travel freely up and down the face of the vertical pillars
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of the main framing; this plan will be found to work
with much greater freedom than the ordinary sliding
arrangement generally employed.

Where 1t is required to saw and polish marble, &e.,
it will be found convenient to arrange a double-ended
machine or mill, a reciprocating motion being given to
the saw-frame and polisher at the same time by con-
necting rods and cranks attached to a main or inter-
mediate driving-shaft. The saws, or more properly
speaking, cutting instruments, are made of wrought iron
plates, and are similar to those used in sawing ordinary
building-stones, and the general arrangement of the saw-
frame 1s the same. The polisher at the opposite end of
the machine is arranged with a longitudinal motion, and
the slabs of marble, after being sawn from the block, are
one by one placed on a travelling carriage, mounted on
rollers, and running on rails, and to which a lateral
reciprocating motion is given. The polisher is arranged
to bear on the surface of the marble, and from the lateral
motion given to the travelling carriage, is enabled to
operate on every part of its face. A simple and efficient
mode of obtaining the lateral motion is to arrange on
a crank-shaft passing beneath the travelling carriage
a worm and worm-wheel, and by means of another
adjustable ecrank, motion can be given to the worm-wheel,
but care must be taken that the adjustable crank is at all
times longer than the crank on the worm-wheel spindle ;
by this plan the wheel will vibrate through an are, and
not make an entire revolution; thus by using an
additional toothed wheel, and by attaching a rack to the
travelling carriage, a lateral reciprocating motion can be
obtained, which can be varied in the length of its traverse
by increasing or reducing the throw of the adjustable
crank before mentioned. The polisher is usually put in

D



34 STONE-WORKING MACHINERY.

motion by an upright vibrating frame, which vibrates
with the stone saw frame at the other end of the
machine, and receives its motion from the same crank.

The main framings of all machines used for sawing
granite, marble, and other very hard stones, should be
made of iron instead of wood; they should be of heavy
section, and designed to overcome excessive vibration in
working.

For sawing marble slabs into strips, either a ripping
bed, carrying a number of discs, or a saw worked by
hand, called a grub-saw, is generally used. The grub-
saw 18 an iron blade notched at the edge, and stiffened by
a backing of wood, like the metallic back of a tenon-saw ;
the kerf for the saw is usually started by means of a
narrow chisel. For cutting marble into cylinders, a rod
or wire saw, of triangular section, is often employed, the
marble being mounted on centres, and revolved against
the saw.

Taper slabs may be sawn by means of two sets of
saws ; these may, however, be worked with a crank, by
connecting the two sets of crossbars by means of links,
so that the adjustment of one determines that of the
other, and by connecting the crank to the first set,
motion is imparted to both. The saws may be made to
cut taper by adjusting one set laterally, by means of the
crosshars, to any desired angle with the other, the
movement of the crossbars corresponding to the relative
inclinations of the guides; these may be kept in any
required position by means of bolts.

The most rapid cutting sand for general sawing 1s that
containing a large amount of flinty particles, but the
difficulty of obtaining this in some districts has induced
the author to construct a machine capable of breaking
and crushing 8 tons of flints per day, to a size that will
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FIG. 2, 3.—HORIZONTAL STONE-SAWING MACHINE.

To face page 35,
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pass through a sieve either 10, 12, 14, or 16 gauge to
the inch as may be required.

Fig. 2 represents a horizontal stone, granite, or
marble sawing-machine, with engine attached, from the
designs of Messrs. Rushworth Bros. The main frame
of the machine is constructed chiefly of steel and iron
strongly braced. The swing or saw frame is made of
mild steel straightened by diagonal strips, which form
lattice work, thus combining, as far as may be, strength
with lightness. The swing frame is raised and lowered
by means of bevel and spur gearing, working two square
threaded screws fitted with gun-metal bushed nuts; it is
suspended from these nuts by four connecting rods fitted
with adjustable coupling boxes for balling the frame.
The nuts are fitted to work down the main upright
pillars of the frame. The reciprocating motion 1s given
to the frame from the counter-shaft by means of a crank
and connecting rod working down the centre of the
lattice trunk. The different motions of this frame are
all automatic, and the designers claim that, by an
arrangement of cone pulleys, they are enabled to readily
regulate the cutting speed of the frame, according to the
nature of the stone being sawn, without the machine
being stopped ; and, from its peculiar construction, that
it can be run at a much higher speed than is usual with
machines of this eclass. It i1s claimed that under
ordinary conditions these frames are capable of cutting
at the following speeds: Portland stone, 21lin. in
depth per hour; Yorkshire, 15 to 18in.; Grit, 12in. ;
Rossendale, 12in. ; Blue rock, 12 to 15in.; Granite, 6in.
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CHAPTER V
STONE-SAWING, &C. WITH DIAMOND POINTS.

SToNE saws, fitted with diamond or ‘ carbon ” points,
have been used with some little success, but chiefly in
America. They have usually been applied to circular
saws ; but reciprocating jigger and band-saws have also
been mounted in this way. One of the difficulties found
in working carbon-pointed saws is the fastening the points
securely in their seats, and a number of patents with this
end in view have been taken out. Some of these hold
the diamond by fingers clamped in sockets, or embed it in
the saw by means of sockets or solder, or hold it by eclamps
kept in position by wedges. This difficulty being sur-
mounted, we think the ordinary band-sawing machine,
so equipped and running at a slow speed—say, the teeth
or points to travel about 250ft. per minute—should
prove a valuable tool for curved stone-sawing, such
as that required in Gothic windows, arches, &e.; but
for rough, heavy block sawing—bearing in mind the
increased first cost, and the difficulty of keeping the
carbons in their seats—we fail to recognise at present
the value of diamond saws for this purpose. The
diamonds usually employed for sawing are black, and are
chiefly found in Brazil. Like all ‘‘ carbons ” they are of
extreme hardness, and will, when properly held, divide
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granite, marble, and almost any other mineral, the
difficulty, as we have before remarked, being to hold
them ; and this difficulty, practically speaking, has been
admitted by an American exhibitor in the Philadelphia
International Exhibition, 1867, as he attached to his
machine a sieve to catch the diamonds when they were
dragged from their seats, and prevent them being washed
away. The sockets carrying the diamonds are necessarily
wider than the saw-plate, but by ‘“setting” them to the
right and left-hand, in a similar manner to a saw for wood,
this difficulty is got over.

Dressing hard stone by means of diamonds has also
been attempted, and large sums of money have been
spent thereon ; but with no practical commercial success.
Diamonds have been used for boring hard rock, granite,
&e.,, for blasting or sinking, with very considerable suc-
cess ; but the action of boring, it must not be forgotten,
1s entirely different from that of sawing, the tearing or
pulling action on the diamonds being absent. Mz, J. T.
Gilmore, of Ohio, in 1863, patented a system of dressing
millstones, fluting columns, dressing building-stones, and
making mouldings, by means of diamond points mounted
on a revolving dise ; a considerable number of other
patents in connection with stone-working by means of
diamonds have been taken by Young, Emerson, Hus-
band, Gear, Dickinson, and others.

Dickinson constructed a variety of carbon tool-points
for dressing and working stone ; for turning stone he used
a triangular prism-like cutter; also for various other
stone-working operations he designed carbon points in the
shape of hexahedrons, double-sided trapezoids, drill-faced
parallelograms, truncated prisms, quadrangular double-
faced points, quadrangular pyramids, flat octahedrons,
flat ovoids, tetrahedrons, &c., &e.; but notwithstand-
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ing the large amount of ingenuity and money expended
in trying to develop stone-working by means of diamond
points, we are afraid that, with the exception of drill-
ing, turning, and perhaps grind-stone dressing, at the
present the disadvantages attending the use of diamonds
more than counterbalance any supposed advantages.

The invention of the diamond drill is ascribed to
Hermann, who patented it in the year 1854, and claimed
as novel the use of crystals, or the angular fragments of
thick diamonds embedded by alloys in a metallic stock,
for working, drilling, and turning hard stones such as
granite, porphyry, marbles, &c. For drilling purposes he
inserted the diamonds in holes drilled for them in the end
of the drill-rod, the metal being battered down around
them to form a bevel. The drill was arranged to shde
vertically, and was rotated by bevel gearing ; water was
used when drilling. Leschot, from the year 1860 to 1864,
designed various forms of drills, and Pihet, in 1866,
introduced the annular drill-head, which is a steel ring
studded with diamonds; these, we believe, have been
used for sinking and blasting purposes at the Mont Cenis
Tunnel and other large works with success.

The carbon-points are set in such a manner in the ring
or cylinder of steel that they project alternately on both
the inside and outside of the periphery, and thus cut a
clearance in the rock for the drill-bar. The drill-bars
are usually made hollow, and the core of rock cut out by
the drill passes up through the bar. Water under pres-
sure is supplied to the drill to keep it cool, and wash
away the rocky particles as cut.

For cutting grooves or channels in marble, a chain-saw
with its links mounted with diamonds has been used ; the
diamonds were held in the ends of split screw bolts or
clamps, which were tapered and forced into tapering
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holes, causing them to contract upon the diamond. The
diamond chain-saw was made to run round two wheels,
with arrangements for feeding it to the stone, and for
reversing its cutting-action. Diamond points have also
been used for recessing and mou ding stone. These were
fixed in a circular tool, mounted on a vertical revolving
spindle, after the manner of a recessing machine for work-
ing wood. The overhanging frame was arranged to pivot
in any direction, and the stone to be worked was placed
beneath the cutting-stool. The difficulty of sately hold-
ing the diamond points being overcome, this form of tool
should be very useful in recessing and countersinking
hard stones.
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CHAPTER VI

CIRCULAR SAWS FOR CUTTING STONE.

Tag earliest form of circular sawing machine used in
stone conversion was the old ripping bed; this was
probably used for the first time in this country about the
commencement of this century. During the last twenty
years, machines carrying circular saws of large dia,:fneter
for sawing, facing, and edging stone, have been 111.1;1'0-
duced. These saws are usually made of wrought iron
or steel, with adjustable or false teeth fitted into their
periphery. Circular saws waste a considerable amount
of stone, and take more power to drive than frame saws ;
but are very expeditious, as from 150 to 250 running‘
feet may be cut in a day of 10 hours in a stone ot
moderate difficulty. The saws are arranged either
vertically or horizontally, and the shape of the saw-teeth
or cutters should be varied according to the nature of the
stone being worked ; but these points, owing to the vary-
ing nature of stone, can only be correctly .determmed
by practically experimenting on the stone itself. F(?r
edging and squaring up stone, and to save hand labour mn
jointing, two or more saws are mounted on the same
spindle, and set so far apart that they just cut the edge
of the stone on either side, and make it parallel ; 1t 1s
then turned round, and set by the square side, and the
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other edges are treated in a similar manner. The general
arrangement of these machines is usually somewhat
similar to that of a planing machine for iron ; but in lieu
of the ordinary cutter-box and slide, a horizontal or
vertical saw spindle is mounted, the stone to be sawn
being placed on a travelling table which traverses
immediately beneath the saws. This table, if of cast iron,
should be of substantial construction, or it may be liable
to fracture if a heavy stone is suddenly placed on it ; this
18 especlally the case in cold weather. To overcome
this, tables are occasionally made of oak, firmly jointed
together, and mounted on iron plates. If timber 1s used,
we can recommend its being faced with wrought-iron
plate, as should the stone be placed directly on the wood,
1t will rapidly become rough and uneven, and difficult to
move the stone about on. For general builders’ work
the saw-spindle should be made to rise and fall, so
as to adapt 1t for checking and other similar purposes.

If the travelling table is mounted to run in V-glides,
we can recommend for lubricating purposes the formation
of recesses at intervals of 6ft., in which an iron plate of
the same shape as the slide and covered with felt can be
held in position by a spiral spring, and the recess being
supplied with oil, it is lifted against the V of the sliding-
table, and thus keeps it constantly lubricated, and with
much less waste than 1s occasioned by the oil being
carried along the whole length of the slide, as is the case
in most of the machines hitherto made. The travelling
table should be traversed by means of a screw, as it will
be found steadier than a rack and pinion, and we prefer
the table mounted on a dovetail slide, as 1t is less liable
to jump after each traverse of the cutters or teeth.

The old ripping bed consists of a kind of bench or
table, in which a number of circular saws are mounted on
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a rising and falling spindle, by which they can be regu-
lated to the depth of the cut. The marble, slate, or
stone to be sawn is fixed on a travelling table, which 1s
arranged to run on rails fitted to the main framing of the
bench. This table is fed slowly forward by a screw or
counterpoise weight and rope. The saws are discs of
wrought iron without teeth, and are fed with sand and
water, in similar manner to straight saws. They are
divided on the spindle by a series of washers, which can
be regulated according to the width of the slabs to be cut.
A “feather” extends the full length of the saw-spindle,
and prevents the saws turning round. The saws are
usually arranged to cut upwards. '

Stone saws should always be arranged to rise and fall,
and also have lateral adjustments, so that they may be
readily set to suit any depth or width of slab. Care
should also be taken that the stone is securely “ dogged ™
or held in position, as, should it be allowed to move in
the cut the stone will be ‘“galled.” In the case of large
circular saws, the stone should be held especially firm
when the saw enters the cut. If the saw should be used
for edging purposes, and a very thin cut taken, 1t should
be supported and guided laterally to keep it from running
out of the cut. In working stone, it is of the utmost
importance that the cutting-tools employed should be
shaped and tempered to suit the different kinds of stone.
For example, some stone may be cut or forced oft in
large chips, whilst others have to be scraped away. Soft
or rotten stones are better cut with straight than circular
saws, and by well weighting the swing-frame they can be
sawn with tolerable rapidity.

The most important point in connection with circular
saws for cutting stone are the teeth ; these should be of
simple form, easily made, and readily removed for
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sharpening. Owing to the constant grinding action of
the stone, and the consequent friction on the teeth, these
are invariably made renewable or ‘‘ false,” and the cutting
is performed by them, instead of by teeth formed in the
periphery of a plate of steel, as in sawing wood. These
false teeth undoubtedly waste more stone than an ordi-
nary saw would ; but this is more than counterbalanced
by the fact that by their use the saw always remains the
same diameter, whilst the ordinary plate would be rapidly
worn away and rendered useless.

The invention of movable tools or teeth for sawing and
working stone is due to Mr. George Hunter, who, 1in con-
junction with the late Sir W. Fothergill Cooke, made
many improvements in machinery for the conversion of
stone : in fact, they must be considered, without doubt, to
be the pioneers of the more advanced type of stone-
working machinery. These improvements extended over
a number of years, commencing in the year 1865, and
they claim the invention of movable tools or teeth
capable of application to machinery for a variety of pur-
poses : firstly, to the sawing of blocks and slabs of rock
of considerable thickness for building or other purposes ;
secondly, for facing the surface of squared-up stones in
an ornamental manner; thirdly, for undercutting stone,
slate, or coal in situ, when the rock lies more or less on
the incline, and also for the vertical cutting of the living
rock.* These machines were manufactured by the late
firm of Powis, James, & Co., under the superintendence
of the Author, and very excellent work was produced by
them, in Bath, Portland, York, and other stones.

Fig. 4 represents the movable cutting-tool invented by
Hunter, fixed in its socket or holder. It consists of a

bolt made of the best rod steel; the head is forged into a

* See Journal of Society of Arts, Vol. XV., p. 19.
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cupped or trumpet form, turned at the edge and then
hardened. When in use it is simply slipped into its
socket, which is also made of steel. When the edge 1s
dulled or chipped, the tool 1s
D “““““““ : turned in 1ts socket so as to
i S S offer a fresh cutting margin,
and as it wears away on the
advancing side, the tool will
offer several fresh cutting
surfaces before 1t 1s entirely
worn out. These tools are
varied in size according to the circumference of the saw-
plate, and range from 4in. to 8in. long, and the cutting
head itself from Zin. to 1}n. wide. The length of the
tool allows of the head being softened, again set up,
turned, and hardened, until it is too short for further
use. The stems of the sockets are of the same thickness
as the saw disc that receives them, and are slipped into
grooved openings made in the periphery of the disc.
The other tools for stone-dressing, used by Messrs.
Hunter and Cooke, are illustrated in Figs. 5 and 6, and,
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as in stone conversion, the cutting tools are, without
doubt, the most important factors of successful working,
we shall briefly describe them.

Fig. 5 represents a tool which consists of a disc of
steel punched from a plate, and shaped precisely similar
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to the head of the bolt-like tool just described. It is
ready cupped and sharpened, and made with a boss
behind to fit into a corresponding groove in the back of
1ts holder, and with a hollow in front to receive a set-screw.
These discs can be punched into the exact form required,
and only need tempering to be fit for use. The holder of
the disc-tool so grasps it that its cutting-rim projects only
very slightly beyond the holder; it thus offers very little
leverage to the resistance of the stone, and therefore
rarely becomes loose. Fig. 6 represents another form of
cutting-tool : it is formed out .
of a symmetrical, acute-angled \ ]
trapezium, cut from a ribbon ' o)
of steel, two or three-six-
teenths of an inch thick, according to the roughness of
the work it has to do. To convert these strips of steel
into the required form of tool, they are bent sharply on
their middle, so as to bring the acute angles opposite to
each other, but slightly turned out of their cutting-angles.
These tools are cut from ribbons of steel, and a number
of the flat slips are screwed up together in the vice and
sharpened ; they are then bent and hardened, and are fit
for use. The socket for this form of tool is extremely
simple (F1ig. 7) ; it is merely a hole
mto which the tool slips, and in S—m ____1;4/'
which it is held by the spring of its E———r
own arms. It was designed for 23
roughing down the face of the stone, |2t Q
preparatory to the use of the facing-
tool. Messrs. Hunter and Cooke
also employed flat, concave, and other forms of tools for
giving ornamental surfaces to ashlars, quoins, sills, &e.
In the design of their early circular sawing-machine,
which worked these cutters, there was no especial

FIG. 6.

FIG. 7.




46 STONE-WORKING MACHINERY.

novelty ; it consisted of a table moving on V-grooves, Or
on friction pulleys, to which the stone to be cut was fixed
by cramps, or when very massive and rough by chains.
The table was fed forward by a screw, at a speed varying
from three to six inches per minute, the speed being
varied according to the nature of the work being done.
The saws were mounted in collars, which could be ad-
justed laterally, and from one to four were used at a time.
They also claimed the use of a succession of travelling
tables for carrying the stone, which were always advancing,
and on which blocks were prepared before the saws were
ready to receive them. This was with the idea of saving
the time of running back, unloading, and preparing
another block ; the table was then either to be sent for-
ward with a fresh load to another saw, or lifted by a crane
on to a line of rails parallel to the series of saws, and run
back to commence its course again. There are, however,
several practical objections to this plan, and we have
never heard of its being brought largely mto use.

A further application of Messrs. Hunter and Cooke’s
movable cutting tools was for dressing and facing stone.
To perform this, the saws were removed from the hori-
zontal spindle, and in their place a removable cylinder
was slipped on or bolted on the spindle in halves, and
this received the cutting tools. These were fixed 1n tool-
holders, placed spirally round the cylinder. The object
of the inventors in arranging the tools spirally was to
obtain a divided and regular pressure upon the face of the
«tone at intervals of 2in. or 8in., always nearly uniform,
but ever passing spirally from right to left, this plan
doing away with the objection of a large number of cutters
striking the stone at the same time, as it will readily be
seen that with tools arranged spirally only a few of them
would be acting on the stone at the same time the

CIRCULAR SAWS FOR CUTTING STONE. 47

remainder entering and leaving the cut at the same
moment. As many of the latest forms of machines and
cutting tools for working stone have been based on
Messrs. Hunter and Cooke’s patents, including the Ridge
stone machine for cutting ridges out of each other, thus:

—we think they are fully entitled, as we have before re-
marked, to be considered the forerunners of modern
stone-working by machinery. As regards the earlier
constructors of Stone-working Machinery of which we
have any reliable records, the names of Mr. James
Tulloch of London and Mr. James Hunter of Forfar-
shire will always hold a foremost place.

In practice circular saws are occasionally mounted on
vertical spindles, the collars on which the saws are fixed
being fitted with a feather, which works in a corre-
sponding groove on the spindles, thus allowing the
adjustment of the saws up or down to suit the work. The
stone is cramped on a travelling table, and fed forward in
the usual manner by means of a serew or rack-feed ; but
we think saws arranged on a horizontal spindle will be
found generally more handy and easy of adjustment.

The objection urged against cutting stone with circular
saws is the cost of the cutters or teeth; this objection in
some cases was tenable, and has gradually led to the
abandonment of the more complicated forms of cutters,
which may possibly theoretically have been of the correct

form ; but their first cost, constant renewal, and difficulty
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of keeping in order has led to the adoption of the simplest
forms, at a considerable saving, and we may here observe
the cost of tools for cutting, say, 200ft. run of sandstone
should not exceed 5s.

Some years ago circular saws with solid teeth were tried
with some success, but the cost of renewals was found to
be excessive ; the saw-plates were in. thick, and there
was 4in. set on each side of the teeth, thus giving a cut
lin. wide; the speed of the saw at the periphery was
about 108ft. per minute.

Whatever teeth are employed in circular stone saws,
they must, to be commercially successful, be of the
simplest possible form, easy to make and renew. Our

illustration, Fig. 9, represents saw and facing-disc cutters

Fic. 9.

(Stevenson, Rea, and Dunlop’s patent), and also cutter-

holder or socket. An advantage claimed for these. cutte.rs
is that the sharp edge they have when new is retained till
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they are worn out; they certainly also have the advantage
of simplicity, and are apparently based on one of Hunter’s
cutters, Fig. 5.

For cutting window-sills, coping-stones, steps, &ec., a
number of saws can be mounted on the same spindle, and
five or six cuts taken through a block at the same time,
and thus also a large amount of stone often thrown on one
side may be converted into useful and saleable articles.
Unless the blocks are large the saws need not exceed, say,
41t. diam. These are arranged to cut uphill, and the
stone must be securely cramped on the table. When the
saw spindle 1s placed below the travelling table, the saw
must be arranged to cut downwards, or the saw teeth will
strike the stone abruptly with a direct jarring blow, which
will in many cases twist and buckle the saw-plate and
strip the teeth.

As regards the cutting-speed of circular saws for stone,
no arbitrary rule can be laid down, as this must depend
on the nature of the stone operated on. A speed at the
periphery of from 50 to 200ft. per minute, or with a
cutting-speed varying from 8in. per minute in hard stone
up to 12in. in soft stone, will be found suitable.

In cutting very difficult stone, such as that containing
pyrites, the cutting-tools should run very slowly indeed,
say 40ft. per minute, or they will be found to heat red-
hot, and will, of course, at once be rendered useless. The
teed should not exceed 2in. per minute. Some difference
of opinion exists as to the advisability of sawing stone
with circular saws, with or without water. Some stones
can, without doubt, be readily sawn dry, but from our
experience we prefer wet sawing, as it keeps the tools
cool and prevents unnecessary dust.

In machines for sawing heavy blocks, the saw should

be raised and lowered by means of self-acting gearing, as
E
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raising by hand is a slow and l.aborious process. ‘All
bearings should, as far as possible, be pr-o.tected from
dust. The discs carrying the teeth or cutting-tools are
usually made of wrought iron, but should by prefiarence
be made of steel, which, although somewha!; more difficult
to fit up, are more rigid in work, and: less 11ke.:1y to buckle,
and they can also be made of a slightly thinner gauge.
If steel is used, it should be of mild temper. -

In contrasting machines for circular sawing and .pla.mng
stone, with those for wood, it will be fOIlI.ld the prmclp.les
of operation involved are directly opposﬂ;e._. In working
wood, the action is either a splitting one—with saws—or
a cutting one, with plane and other irons ; the number of
revolutions of the tools 1s also very great. .In tbe case of
‘stone-working, the action with fixed tools in Whlch. thfare
is a dead contact with the stone, 1s essentlsflly a grmdm§
one, and with revolving cutters the StOI.le 1s ‘“ spauled
or levered off; the speed of working is also slow,.the
pressure, however, on the cutting tools anc.ll be.armgs
is usually much greater than that of W0.0d. With circular
saws for cutting stone this is especially the case, the
spindle carrying the saws should therefore be strongly
supported by massive side standards, and have ample
bearing surfaces ; the whole framewor}i of the machine
also should be of massive construction, to ove?eome
_excessive vibration in working. Should theEre be a jar on
the saw cutters or teeth in working, they Wﬂl be found to
‘deteriorate much more rapidly, and the work turned out
will not be so true on the face. ‘

With a well constructed circular saw the stone ShOLll.d
leave the machine sufficiently true on the face tha,.t 1t
may be bedded or jointed Without' iurther preparam?n-,
either by hand, or on the rubbing bed or plamng
machine. For rapidly squaring large blocks of stone for
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harbour and similar works, circular saws will be found
especially valuable, and, as they become better known,
their use should be largely extended. For dividing very
large blocks, two circular saws, placed one above the
other, but working in the same vertical line, may be
used.

For joining flat stones, such as paving, all hand labour
may be saved by mounting two saws so as to trim two
edges and make them parallel, and by reversing the stone
and setting it square by these sides, the other edges may
be served in a similar way.

Circular saws for cutting stone have been constructed
of as large a diameter as 18ft., and two of these were
erected by Mr. George Hunter some years since for the
Tyne Navigation Commissioners. The following are
some of the dimensions and weights :—Saw shaft, 154in.
diameter, weight, 3 tons; driving wheel, 8 tons, standards
3 tons each, saw plates with collars, 8 tons 2 cwt. ; height
above floor, 17ft.; cut, 5ft. 6in.; width of cut, 12in, ;
speed of tools, 18ft. per minute; feed of table for cut,

3in. per minute.
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CHAPTER VII.

STONE-DRESSING AND PLANING MACHINES.

Ix designing machines for dressing stone to a plane
surface, the first idea that appears t? l-lave struck ‘.che
greater majority of mventors was to imitate ‘the action
of the mason’s chisel or quarry axe by mechan.lcal means,
and the whole of these have ended either 1in absolute
failure or in the very smallest degree of success, and the
reasons for this are not very far to seek. To .make a
¢ steam stone-mason ~’ commercially successful, 1t mu?,t
be able to turn out a large amount of work, and to do this

! i f
necessitates the use of a considerable number of masons”

chisels. To successfully work these mecl.lanicalljt, may
not appear very difficult in theory, but in practice we
invariably find, where a large 111.}mber of_ tools arfa
employed, they vary in wear from difference n .teml..)el,
material, or the work they have to do ; and t.hlS 18, Wltl‘l-
out doubt, one of the great reasons of the failure of this
class of machines, whether for working stone, wood, or
other materials. There are, however, other reas?n? why
the action of the mason’s chisel has not been nn%tat(?d
successfully ; it is ina degree elastic, and can be varied in
strength and angle at the will of the ope.rator, who can at
the same time pick out the weaker points of the stone,
and by attacking it here throw off larger chips than he
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otherwise could do. On the other hand, a blow given
by mechanical means is a positive one, and although it
may be made elastic by a spiral spring or other means,
its strength or the inclination of the cutting tool cannot
be varied at will, as is the case when worked by hand.
Again, when a number of chisels are employed mechani-
cally, there arises the difficulty, not only of their
variation in wear, but of keeping them sharp, necessitat-
ing (even if made reversible) constant stoppage of the
machinery ; but the mason’s quarry-axe or chisel is kept
constantly sharpened by his turning it about and chang-
ing his hand, or reversing the direction of his work.

Revolving tools of various types, having a circular
movement in a parallel plane to the face of the stone, are
employed for stone-dressing ; and vertical cutting blades
acting as a knife, and toothed-blades, each tooth acting as
a chisel, have also been used. We are strongly against
high-speeded cutters for dressing stone, unless they can
be managed with a rolling contact, in which case the
attrition 1s much reduced; and we think it may be taken
as an axiom that in all tools used for dressing stone
those which produce the largest chips without ‘pluck-
ing ” the stone, or make the least dust, are to be preferred,
as the tool which produces much dust is rapidly grinding
itself away, from its dead contact with the stone. A large
number of cutters should in all cases be avoided, owing,
as we have before remarked, to the practical impossibility
of keeping the temper and consequent wear of them all
alike. It 1s important whatever system is employed that
the surface of the stone is not crushed or bruised in the
working, or when fixed it will be found to much more
rapidly deteriorate.

As regards the materials used for tools for stone-dress-
ing, chilled cast iron and steel are those almost entirely
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employed, but there remains ample scope for an inventi.on
in this direction. What is wanted is a material combin-
ing hardness and toughness in the .greatest po.ssible
degree, to withstand the enormous strain and abrasion to
which the tools are subjected.

Various other plans for planing and dressing stone by
mechanical means have been tried ; in most of these the
stone is dressed by tools fixed in a stationary tool-box or
holder, whilst a travelling table on which the stone 1s
fixed passes beneath them, after the manner of an
ordinary planing machine for working iron. One system
consists in arranging a series of cutters on a hollow
revolving cylinder, which is provided with small pe:&'fora-
tions or openings near each cutter, and also with a
stuffing-box and pipe, through which water may be con-
ducted to the stone at the point where the tool 1s acting.
In another plan cutters are attached to a ro‘?ating-wheel,
and act upon the face of the stone, whicp 18 fixed on a
travelling table, traversed by rack and pinion gear. A
dressing-wheel has also been Worked-—-bm?, we }?eheve,
with only small success—with slits ACTOSS %ts periphery,
and arranged to hold sand, which acted m ll-eu of steel or
jron cutters upon stones fixed on a table which traversed
beneath. .

We believe that the first machine made for dressing
stone in this country was that patented by Mr. James
Hunter, of Leyonide, Forfarshire, about the year 1834;
it was generally known as the Forfarsh.ire. stone-plam.ng
machine, and no improvement in the principle of working
in that class of machine has since taken place, although
the framing and general details have been strengthened.
Roughing and facing tools were employed, and these were
so” arranged that whilst at work the attendant could
adjust them to any desired cut, and could bevel or set to
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any cutting-angle the facing tools. For dressing York-
shire flags a very ingenious arrangement for throwing
over the tools after each stroke was employed. We
believe that tertiary limestone was also successfully
worked by this machine, some samples of which, although
rather hard, are not much more difficult to work than
the soft stones commonly employed for building purposes.
There was a stone-planing machine exhibited in the
Industrial Exhibition, New York, 1858, adapted for
dressing hard stone. This machine consisted of an
upright frame, in which revolved a vertical shaft, carrying
three horizontal arms. At the extremity of these arms
were fixed circular cutters, inclined outwards about 45°
from the perpendicular, or about the angle at which the
workman would hold his chisel. They were about 10in.
in diameter, and #in. thick, made of steel and bevelled on
both sides, leaving a sharp edge. They were fitted upon
axles, and were at liberty to revolve loosely in their bear-
ings as their edges struck the stone. The cutters were
carried round by the shaft at the rate of about 80 revs.
per minute when planing freestone, and 60 when planing
granite. The stone was moved forward on a bed to which
it was keyed ; the cutters struck its surface obliquely as
they were carried round on the revolving arms, turning
at the same time on their own axles, and chipping and
breaking off the projecting portions at every cut. The
machine is reported by Whitworth to have planed the face
of a stone 4ft. long by 2ft. wide, in seven minutes.
Another modification of this machine, which was not
so economical, was employed when it was necessary that
the face of the stone be left in lines as it came from the
tool. The stone was keyed on a travelling bed and
passed under a frame, in which worked a sliding-carriage,
driven by a crank; in this carriage was fixed the circular
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cutter at the required angle, and as the stone was carried
along, the cutter was driven backwards and forwards
across its face at right angles to the direction in which 1t
moved, and chipped off parallel breadths of stone at every
cut. The cutters could be used for planing from 800 to
400 square feet of freestone surfaces, and about 150
square feet of granite, without being ground.

This latter statement is given by Sir Joseph Whitworth,
in his report of the Exhibition ; but if it could be borne
out by facts, we are at a loss to understand how 1t 1s
machines giving apparently such favourable results have
not been largely manufactured and introduced.  As
regards dressing the granite, this is especially incompre-
hensible, as up to the present date we are not aware of
any commercially successful machine for this purpose,
although much money has been spent, and many
improvements in the principles of construction and
manner of working have been introcduced.

The Earl of Caithness, many years ago, invented a
stone-dressing machine, which has chiefly been used in
dressing the Caithness flags. In this machine, the
cutters are arranged to strike the surface of the stone
vertically ; and the apparatus consists of a set of vertical,
parallel bars of metal arranged in suitable guides in a
substantial framing, and furnished at their lower ends
with steel or hardened metal cutting or reducing edges.
These bars are actuated by cams, which elevate them to
a certain predetermined height, when they are allowed to
drop on the face of the stone or other substance under
treatment, and thus chip or cut away the surface, the
stone at the same time being fixed on a bed, and made
to traverse slowly beneath the cutter.

The framing of the machine resembles that of a
planing-machine for iron. It consists of two cast-iron

|
|
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standards, carried upon a timber base, each standard
having a front bracket carrying a bearing for the cam-
shaft which lifts the cutter-bars. These bars, which
are all guided vertically in the framing, are shod at
their lower cutting ends with serrated or notched steel
taces for chipping the stone. Each of them carries an
adjustable stud-arm, against the under-side of which the
revolving cams of the shaft strike in working. The cam-
shaft is cast with all its cams—one for each cutting-bar
—solid upon it. It is driven by a belt and pulleys, and
as 1t revolves, the cams, being disposed helically upon it,
it up and let fall the cutters in succession. This gives
a dressing or chipping action right across the face of
the stone beneath, and produces the finished surface
necessary in footways. The stone is carried by rollers
mounted on a travelling carriage, which is moved forward
after each revolution of the cam shaft, to present a new
surface to the cutting action. In some instances it may
be necessary to elevate the whole of the cutters from the
stone at the instant the latter is traversed forward ; this
1s accomplished in the present machine by a cam. On
the end of the main shaft the feed-motion of the stone is
affected by a link-rod worked by a stud-pin from the
main shaft, the lower end of this rod being connected to
the racket action of a central traversing chain pulley
shaft beneath the stone. The notches of all the cutting
faces except the two outside ones run in the line of the
feed-motion ; the two outside cutters have their notches
running the transverse way to avoid injury to the arrises
of the stone.

The cutters in a machine invented by Mr. Jos. E.
Holmes, of Mold, about 15 years ago, were arranged
to act horizontally, the power being applied by a driving-
belt direct from the engine to a rocking crank driving-
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shaft, to which the cutters are attached. At the opposite
end of this driving-shaft was an arrangement of bevelled
gearing, whereby the cutters were put into or talfen out
of gear, and by which also the power was transmitted to
a vertical spindle, which by a worm wheel operated on
the travelling table. In working a block of stone down
to a rough surface, two sets of cutters were employed,
and so adjusted that when the motion of the table was
reversed, the one set cut away the ridges left between
the groves cut by the other set. For granite, black
marble, and the harder kinds of stone, grooving points,
rather than chisels, were used for the rough cutting
down to a uniform level. The finishing tooling was
done by a broad chisel working across the entire face of
the stone. The accompanying sketch (Fig. 10) will

—

FIic. 10,

convey an idea of the form and action of the working
arm and cutters. The rocking shaft at A gives the
scooping action to the range of cutters. When the stone
has passed for its whole length under the cutters, the
motion of the table is reversed, the pin at B 1s taken
out, and the arms are joined again at K, and the cutters
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or dressing tool, as the case may be, at D are brought
into action.

It is evidently an attempt to imitate by mechanical
means the elbow-and-wrist-movements of a stonemason
whilst at work ; but, like all other machines designed on
this principle, was not permanently successful.

In the early patterns of Mr. Holmes’ stone-dressing
machine, the face of the stone to be dressed is placed in
a vertical position, and acted on by cutters, which are
mounted in a cutter-stock, carried by travelling arms.
The cutting-tools are arranged in pairs, and by means of
a lever a rocking motion is given to the cutter-stock,
causing the right and left-hand tools to act alternately on
the face of the stone. The lever 1s actuated by an eccen-
tric of adjustable throw on a vertical shaft, carried by the
outer ends of the travelling arms, and driven by a bevel-
wheel which traverses on the main shaft. The feed-
motion is given to the travelling arms by two longitudinal
screws driven by a pawl and ratchet-wheel. The pawl is
reversed at each end of the traversing motion, so as to
reverse the direction of the feed. The stone is held n
position by clamps and wedges, and by inclining the bed-
plate or table on which it was mounted, surfaces could be
dressed at oblique angles to one another.

Mr. G. Hunter’s first machine for sawing and dressing
stone was patented in the year 1855, but we have already
noticed it at length.

Schwartzkopff and Phillippson, in the year 1859,
patented the adaption of the principle of the steam-
hammer for dressing stone, adjusting the blows of the
hammer to the nature of the material under operation.
The steam cylinder was mounted by the inventors on a
sliding bracket or frame which traversed up and down the
face of the main framing by raising or lowering the
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sliding frame ; the piston-rod which carried the cutting
tool was either lifted from, or brought closer to, the stone
being operated on, at the option of the workman. The
steam for working the piston was admitted to or shut off
by a rotating valve, actuated by two cams (carried by a
cross-head attached to the piston-rod), which acted on a
projection on the spindle of the valve, and caused it to
rotate. In order that the steam-pipe which admits
steam to the valve-box of the cylinder may be moved up
or down when the cylinder is moved, its end passes
through a stuffing-box in the top of a chamber in the
upper part of the main frame, into which chamber the
steam 1s first admitted. In dressing stones the whole
apparatus was mounted on a slide with horizontal and
vertical movements similar to those found in a planing
machine for working iron.

The stone was mounted on a truck running on rails,
and brought beneath the cutting-tool by means of a worm
and rack worked by a hand-wheel. After each blow of
the piston-rod containing the tool, on the stone, i1t was
forced back to its original position by means of springs.
We believe this machine has never been practically used
in this country, but we think that the plan is sufficiently
original, and of enough promise to merit further experi-
ment in this direction. For dressing granite or other
very hard stone, if the cutting-tools could be made to
stand, this machine should be as successful as any other
that has been tried for this purpose; but as most
machines for dressing granite have hitherto been par-
tially or wholly failures, this is perhaps not very high
praise, and there is no doubt a really practical and
commercially successful machine for dressing granite yet
remains to be invented.

I.n the year 1860, Mr. C. Schiele, of Bebbington,
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patented a machine adapted for cutting or dressing-stone,
amongst other operations. The general arrangement of
the machine may be described as follows:—On a
revolving shaft was fixed a large boss or centre-plate, on
which were linked, but free to swin'g, a number of arms,
and when employed for dressing stone a cutting hammer
was mounted at the end of each arm. On the cutter
spindle being set in motion, the arms were thrown out to
a radial position, from the centrifugal force imparted,
and operated on the stone blocks to be dressed, which
were fixed on a truck arranged to travel beneath the
cutting-tools. The cutting tools employed were fashioned
after the manner of those used by stone-masons—whose
actions they were intended to imitate — for dressing
purposes ; each of these tools was fixed by its handle,
strengthened by a taper hoop, holes being drilled through
the handle for the tool to swing in, round a pin secured
to another hoop of wrought iron. A number of these
hoops were fixed side by side on a shaft in such a way
that when the shaft was put in motion they delivered
their blows on the stone in succession; each hoop was
provided with an elastic cushion. To prevent injury
from the tools flying off—which we should imagine they
would be likely to do—guards were placed over them,
and small jets of water were used to keep the tools cool
and lessen the dust. 'We believe this machine was unsuc-
cessful—never came into practical use; but as an
attempt to imitate the hand-labour of the stonemason by
mechanical means, it is worthy of note.

A machine for dressing stone was exhibited by Mr.
Jos. E. Holmes, of Mold, at the International Exhibition
of Vienna, 1873 ; its general arrangement was somewhat
similar to a planing machine for iron. The table was
traversed on rollers, and driven by a rack and pinion;
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the stone was held in its place by brackets fastened on a
table by adjustable bolts. The cutter-barrel or spindle
was made adjustable, and two kinds of cutters were em-
ployed. TFor roughing out, a series of independent tools
or punches mounted in two rows were employed, and for
finishing, a plain blade or cutter the full length of the
block was used. By means of a very ingenious vernier
combination or disc arrangement, the cutters could be set
to take a greater or less cut, according to the angle at
which they were fixed.

The system of stone-dressing pursued in the Cook and
Hunter patent machines of the earlier types, was to
mount the cutting tools spirally round an axle or
cylinder, the shortness and sharpness of the tool-cut
being regulated by the diameter of the axle or cylinder,
the number of cutters, and the rate of feed. For face-
dressing the softer kinds of stone, this system has some
advantages ; but for working hard stones, we consider
another system of revolving circular cutters, arranged
with a rolling contact, altogether superior. It can
however, be used with advantage in moulding Bath,
Portland, Caen, and other soft stones, and under this
head we shall further describe if.

Our illustration, Fig. 11, represents a machine of the
horizontal-barrel class from the designs of Mr. Holgate.
As will be seen from the drawing, two cutter barrels are
arranged, the first carrying narrow cutters about #in. wide
for roughing out the face of the stone, and the second
barrel carrying cutters about 13in. wide for finishing
the surface. The cutters are forged from bar steel 1%in.
by -% and lin. by lin. respectively. The travelling table
which carries the stone is arranged with a quick return
motion. The cutter barrels are arranged to be raised
and lowered either by belts or hand as may be preferred.

_
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11.—DOUBLE HORIZONTAL BARREL STONE-DRESSING MACHINE.

To face page 62,
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A few years since, a machine for dressing stone was
patented by Messrs. Brealey and Marsden. The general
arrangement of the machine 1s similar to an ordinary
planing machine for iron. On the horizontal cutter-shaft
are mounted a number of eccentrics—apparently in a very
similar way to that employed by the KEarl of Caithness
many years before—all having the same throw but ar-
ranged spirally round the shaft. Kach eccentric carries
two rods, which are set at an angle of 45° ; to each of the
rods small brackets are bolted for carrying the cutters,
which are made of thin steel plates of different forms,
according to the work to be performed. Slots are made
in the cutters for adjusting them, but they are not allowed
to project far for fear of springing. Two sets of cutters
are employed, one set serrated for roughing out, and the
other set plain. FEither of these sets of cutters can be
brought into operation by means of a rocking quadrant
frame worked by a hand-wheel, and the cutters set to
meet the stone at any desired angle. The cutters operate
by a rapid succession of blows across the slab.

The general arrangement of this machine is massive
and well designed, but its weak point is, without doubt,
the large number of cutters employed.

The most efficient machines for dressing plain surfaces
on hard stones, with which we are acquainted, are
those made under the patents of Messrs. Brunton and
Trier. These are based on principles differing essentially
from other machines in use, and from their novelty are
deserving of an extended notice. The pith of the inven-
tion, as described by the patentees, consists in giving to
circular cutters a determinate rotation on their own axes
at the same time that they are carried round in a circle,
their cutting-edges describing a circular path. The aim
of the inventors has been to so adjust the rates of cutter
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rotation and movement round the circle, relatively the
one to the other, that the cutting edge shall exactly roll in
the circular path or track. The patentees claim that with
a nicely-adjusted rolling action there is very little attri-
tion, and that this is chiefly due to the forward movement
of the stone; at the same time little heat is produced and
the cutter-edge wears away very slowly. This latter
premise must, however, of course, depend on the nature
of the stone, as should they have to pass through pyrites,
or what quarrymen call “ flock,” the wear and tear of the
cutters must of necessity be largely increased. The
velocity at which the cutters are speeded for ordinary
purposes 1is 2,000ft. per minute ; but this may be
increased according to the mnature of the stone being
operated on, as the inventors’ experience has shown
that the greater the velocity of the cutters the better
they act.

In an interesting paper on their stone-dressing ma-
chinery,* Messrs. Brunton and Trier claim that their
machine, as contrasted with others in use, takes hold of a
new principle of action—the action, namely, of circular
rotating cutter, operating by rolling to chip off from the
stone the inequalities of its surface. This, they say,
constitutes the elementary principle, and may be stated
as a rolling pressure brought to bear at the base of a
certain projecting portion of stone, with the intent to
force it off. The great power of such a pressure to effect
the desired object, is due to the fact that its incidence
at any given moment (or what may be called the tread
of the cutter) extends over a very small space, and that
upon this small space the whole force 1in exercise is con-
centrated.

We have in stone a material composed for the most

* Read before the Institute of Mechanical Engineers, January, 1881.
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part of particles hard enough to cut and wear away the
hardest steel, but held together by a cohesion relatively
far feebler than that which holds together the molecules
of steel or chilled cast iron. Hence it will be evident
that in attacking such a substance by a metal tool, it is
of the first importance that attrition be avoided. If this
enters in any considerable measure into the conditions of
the contest, the metal will be worsted ; but if it be a ques-
tion of simple pressure, the stone will inevitably be
overcome. The first application of the principle was to
the turning of stone, especially granite. The simplicity
of this application was due to the circumstance that the
constantly-revolving stone presented a continuous surface
for attack ; and the contact of the edge of the rotating
cutter with the surface was therefore unbroken. The
cutter, once set in motion by contact with the stone, con-
tinued rolling, and, being placed at an angle of about 25°
to the axis of the stone, chipped the surface away
incessantly in a spiral line, as the slide-rest and tool-
holder moved along the bed of the lathe. The concur-
rent revolutions of the stone and the cutter reduced attri-
tion to a minimum, and considerable speed of surface
rotation was attainable. With two cutters, one on each
side of the column, an inch and a half or more would be
taken off in a single traverse. DBut when plain surfaces
had to be dealt with, many difficulties presented them-
selves. The contact of the cutters with the stone was
necessarily intermittent. To accomplish a useful quantity
of work speed was required ; but to bring cutters into
rapid rotation by a contact with the stone, which was
made and broken at every moment, involved much attri-
tion, and consequent wear. Although it may seem a very
simple remedy for this difficulty to drive the cutters—in

other words, to give them mechanically an independent
F

i\




66 STONE-WORKING MACHINERY.

rotation, such that their edges should roll on the stone—
yet this simple remedy was not thought of till a consider-
able time had been spent in efforts to dress plain surfaces
by simple contact.

An essential feature in the machines under notice is
the construction of the tool-holder or chuck employed.
These are arranged to carry three or more -circular
saucer-shaped revolving cutters, made of chilled cast-iron
or steel. KEach cutter is mounted on a spindle, and set
at an angle to the plane of its rotation. These spindles
carry also small toothed wheels, which gear into a much
larger one mounted in the centre of the chuck, and
which imparts to the smaller toothed wheels, and,
therefore, the cutters, a rotary motion. The chuck
itself is carried on a hollow shaft, through the interior of
which passes a second shaft or spindle, on to which the
before-mentioned large toothed wheel is keyed. Motion
can thus be imparted to the chuck and cutter in
proportion to their relative diameters, and the speed
thus varied according to the nature of the material being
operated on. The cutters may be inclined either towards
or from the centre of the chuck, thus giving rise to two
types of chucks, internal and external, the internal
cutting with the inner edge of the cutters, and the
external with the outer edge. Kach type has its own
merits, and we illustrate them herewith (Figs. 12 and 13)
They are thus described by the inventors :—

Fig. 12 represents an internal chuck, having the cutters
inclined towards the centre. If the stone can be brought
within the circle of the track of the cutters, it may be
moved in either direction against them. If the stone is
too large for this, the bed must be inclined to the plane
of the chuck sufficiently to allow the rough undressed
surface of the stone to pass, as shown at a. Chucks of
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this type are usually of considerable diameter, and are
chiefly used for dressing large blocks.
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Fig. 18 represents an external chuck, that is, having

the cutters inclined from the centre. The stone moves

F 2
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from the outside of the chuck against the revolving
cutters. An inclination of <% of an inch in the diameter
of the chuck, to the plane of the dressed surface, 1s given
to the axis of the chuck, in order to obtain back
clearance. The inclination or tilt given to the chuck 1s
too slight to produce any perceptible hollow in the
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surface of the stone, and it is reversible, permitting the
stone to travel in either direction. This type of chuck is
usually employed for dressing stone of moderate size;
but wide surfaces may be dressed in successive breadths
by moving it across the face of the stone.

To produce a sharp arris, it is necessary that the line
of the centre of the chuck be outside the edge of the
stone (see Fig. 14); and to attain the best result, that
the cutters roll off the stone, as shown by the arrows, and
not on it.

The cutters both in internal and external chucks are
set so as to cut in three or more planes or steps (see
Fig. 15). When set in three planes, the cutters are dis-
tinguished as z, y, or z, the upper or commencing cutter
being «, and 2 the finishing. They follow one after the
other in rotation as the chuck revolves, each being on 1its

e e
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own separate spindle. The advantages claimed for this
arrangement by its inventors are that a considerable
depth of cut may be taken at each passage of the cutters,
and thus ordinary quarry-scabbled stone may be dressed
at one operation. It is claimed that “plucking” of the
stone is avoided, as although the chips forced off by «
may break away below its plane, 1t 1s unusual in the case
of y, and practically impossible with 2, owing to the
overlying stratum of stone, and any pluck marks that
may be produced by # are obliterated by z. It is also
claimed for this principle of working that the face
pressure of the cutters is greatly diminished, and very
sharp arrises are obtainable.

Our illustration, Fig. 16, represents a machine for top-
dressing hard stones, such as those usually employed for
flags, landings, steps, &c. As will be seen from the
engraving, the chuck employed 1s of the external type,
and is arranged with a self-acting vertical and transverse
traverse. The stone to be dressed is placed on a travel-
ling table, which passes beneath the cutters, and is
actuated by means of a rack and pinion. The main
framing of the machine is made of massive construction
to overcome the vibration in working. Many difficulties
have been surmounted by the inventors in developing this
principle of working, and, from samples of stone dressed
on their machines that we have recently inspected, the
surface leaves little to be desired. As regards the
adaptability of these machines for dressing all kinds of
stones generaliy used in building construction there can
be but little doubt, but as to dressing the very hardest
stone, such as granite, we are of opinion that many
difficulties have yet to be overcome, if not an entirely
new principle of action invented, before granite dressing
by machinery can be made commercially successtul.
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G. 16.—REVOLVING CUTTER MACHINE FOR TOP-DRESSING STONE.
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In all classes of stoneworking machinery, where the
pressure on the cutters is heavy, or where sand and grit
has a chance of getting on to the working surfaces of the
bearings, especial means of lubrication must be taken.
In the machine last noticed, the chucks, with their
spindles and gearing, are lubricated by means of soap and
water, introduced through the central shaft, which is
made hollow for this purpose, and thence passes to the
various working parts.

Fig. 17 represents another type of machine especially
adapted for dressing the sides of stones of a moderate
degree of hardness, as generally used in building con-
struction, for ashlar mullions, copings, sills, &e. Long
stones can be dressed on the ends and jointed by them ;
and it possesses the advantage of cheapness over the
machine already described. The chuck employed is of
the internal type, and dresses the whole surface of the
stone at one sweep, and the table carrying the stone 1s
speeded to travel from 10in. to 20in. per minute. The
chuck revolves in a fixed position, but can be adjusted
laterally against the face of the stone.

The inventors construct another machine of the same
type as the one last described ; but instead of the chuck
revolving in a fixed position, it can be raised or lowered
automatically, so that stones may be dressed in successive
breadths. When it is necessary to dress pillars they are
mounted in cradles or fence brackets bolted to the table,
and these are arranged to give any desired angle to the
stone.

Messrs. Coulter and Harpin patented, in 1872, improve-
ments in machinery for dressing or facing and shaping
stone, marble, or granite. The 1mprovements claimed
are the use of straight cutting tools, which are so
arranged that they turn over after every single traverse of
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the table carrying the stone, and present a fresh cutting
edge; they are thus kept constantly sharpened, and

!

| M
I HIE

T
il L'H.

AN\

A\

A\

@
N\

AN\

\

-
| I
| |

il

Fi1G. 17.

—_—]

\\

K

A\

|

R

’;'
J !
Ll
|

N

Y
A\

1l
— i

operate on the stone during both the back and forward
journeys of the table.
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As will be seen from the illustration, Fig. 18, an
ordinary planing machine for working iron is the basis
on which their improvements are founded. The cross-
slide bed is mounted on an axis in brackets, which can slide
up and down the upright standards. The cross-slide bed
is slotted to receive a tool-box, thus bringing the tools
through the centre of the bed, and consequently the
pressure on the tools has no tendency to lift or move the
cross-slide during the cut. The tool-box is arranged
with a transverse movement by means of a screw in the
ordinary way. The turning over of the cross-slide bed for
reversing the position of the cutting tools is made self-
acting in conjunction with, and actuated by, the reversing
motion of the travelling table carrying the stone. In
order to check the fall of the cross-slide bed when turning
over, an air-cylinder and piston are used, the cylinder
being charged with air, which is compressed by the fall
of the cross-slide bed, the air then passes through per-
forations in the piston, thereby allowing the full weight of
the cross-slide bed and tool-box with tools to act as a
resistance against the pressure on the tools. The travel-
ling table carrying the stone runs on angular-shaped rails,
so shaped to avoid an accumulation of sand or grit, as
would be found were the ordinary V-shaped slides used.
The general arrangement of the machine is well thought
out, and taken altogether it must be considered to be a
good example of its type. For working curbs and chan-
nels, mouldings and general mason’s work, a rocking table
can be employed with advantage, as the stone, when once
properly fixed, can readily be set to any desired angle, or
turned any side up, as may be required. Fig. 19 repre-
sents a tool-holder and tool.
In some stone-dressing machines of recent construction,
in place of the ordinary fixed tool-box and tools employed
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in a planing machine for working iron, one or more
cutter-barrels are arranged horizontally. The cutters
are usually forged from plain bars of steel, and if two
barrels are used it will be found best to arrange the first
barrel with narrow cutters for roughing out, and the
second barrel with broader
cutters for finishing. The
cutters should not project
from the barrel more than
three or four inches, or the
leverage and consequent attri-
tion on the cutters will be
largely increased; and it will
be found advantageous to ar-
range them spirally on the
cutter-barrels so that the
blows on the stone and con-
sequent jar and vibration will
be distributed, and not be one
et D, sudden concussion across the
whole length of the stone, as

would be the case were they arranged in straight lines.
But any machine of this type, employing a number of
cutters, as we have before remarked, labours under the
serious disadvantage of inequality of wear in the tools.
The cutter-barrels should in all cases be raised by power,
as much time is lost when manual labour is employed.
As the pressure and strain on the bearings carrying the
cutter-barrels is very considerable, they should be made
of increased length, say about three diameters, and pre-
ferably made of phosphor bronze. The travelling table
should be fitted with a quick return motion, should run
on rollers, as the ordinary V-slides would be rapidly

ground away by the grit and dust made in working.
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Plain disc surfacing machines for stone have been used
with some little success, especially for tolerably soft stone.
They consist briefly of cast-iron discs arranged to
revolve vertically or horizontally. Around the periphery
of the dises 1s arranged a series of cast-steel cutters which
act on the stone. The stone is mounted on a table, and
traversed either past or beneath the cutters. Rectilinear
reciprocating machines for dressing stones have also been
tried ; in these the cutting tools are mounted in a travers-
ing slide, and are arranged to operate on the stone at
every traverse of the slide. For scabbling large blocks
from the rough, this latter arrangement may be used with
advantage in the quarry; but for finishing purposes, it is
hardly good enough. The tools are generally made with
double noses, so that they may cut both waysof the traverse.
For dressing ashlar, or for bedding stones in lieu of a
rubbing bed, plain flat steel cutters fixed in movable
cutter-blocks, mounted on horizontal or vertical revolving
spindles, may be used with advantage. The travelling
tables of planing or moulding machines should in all cases
be arranged with variable rates of speed, to suit different
classes of stone.

The dressing of granite by mechanical means is a pro-
blem that has engaged the attention of engineers for
many years, and is still, practically speaking, unfulfilled.
The invention of rotating cutters for turning and dressing
granite is generally, and, I believe, rightly attributed to a
Mr. Newton, who spent large sums of money in con-
structing machines for granite dressing, which were, how-
ever, not practically successful. Mr. Wm. Johnson, of the
Hayton Granite Co., also took out a patent about 40
years ago, with the same object in view, and a number
of others have since been taken; but we cannot learn
of any one of them being a success. The nearest ap-
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proaches, however, are those of Messrs. Brunton and
Trier. Fig 20 represents Trier’s Patent Cutter-chain
Vertical Stone-dressing Machine.

The machine illustrated is a Side Dresser, to which
the following description chiefly applies: The circular
cutters, A A A, are fixed to spindles, which are free to
revolve in adjustable bushes carried on the boxlike slides,
B B B. These slides are hinged together, and form
the links of an endless chain, which passes round
sprocket wheels, borne on the standard, ID.

Guides are provided on each side of the standard,
through which the slides or links of the chain pass, so
that the cutters are firmly guided in straight lines, both
ascending and descending, and as they come into contact
with the advancing stones, and split off the irregularities
by their rolling wedge action, they produce good surfaces,
with straight toolmarks at right angles to the length of
the stone. DBy raising one end of the stone, diagonal
marking to any desired angle will result.

The Side Dressers are provided with a bed, E, on one
side or on both sides of the standard, according to the
desire to dress one stone or two stones simultaneously.
The table, F, to which the stone 1s fixed, with the side to
be dressed overhanging the edge, has wormrack, slides
and wheels. The table i1s rolled on rails up to the bed,
on to which it is drawn by a wormshaft, and by which it
1s pushed off on to rails at the other end. By means of
cross trolleys and return rails, two or more tables can in
this way be circulated, and the loss of time involved in
changing stones 1s practically done away with.

The cutter-chain, with 1its considerable number of
cutters moving continuously in one direction, permits the
valuable principle of stepcutting with several cutters to
be carried out without sacrificing the speed of dressing.

FIG. 20.—TRIER’S PATENT VERTICAL STONE-DRESSING MACHINE,

To fuce page Te,
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CHAPTER VIII.
STONE-MOULDING MACHINES.

THE art of moulding stone by manual labour is of very
ancient origin, but of the implements employed, and their
nature and composition, comparatively little is known.
Wilkinson is of opinion that the action of cutting and
grinding the faces and making ornaments in relief or
intaglio was performed with emery, probably imbedded in
some soft metal. The early form of cutters used for
stone or marble moulding by machinery, consisted of
solid cylinders of cast iron, turned to the counterpart
form of the required mouldings. These werer mounted
on horizontal or vertical spindles, as required for flat,
circular, or edge moulding, the table being traversed
beneath or past the cutters, as in the machines at present
in use. Amongst the early machines must be mentioned
the old ridge roll which has been used for many years for
rounding the edges of slate slabs.

In the year 1833, as we have elsewhere mentioned,
Mr. G. W. Wilde took out a patent, and in this was
included some improvements in moulding stone by
means of sand and water, acted on by a metallic
cylinder on the periphery of which was formed the
converse of the intended moulding.

The old form of machines were termed ¢ moulding
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beds,” and several of these were constructed by Mr.
James Tulloch. They were constructed somewhat after
the fashion of the old ripping bed we have already
described ; but in place of the disc of sheet iron he
mounted a circular cutter block, on the periphery of which
was turned the counterpart of the moulding to be pro-
duced. The strip of marble to be moulded was fixed
with plaster of Paris to a board or table, which was
capable of being moved slowly forward by a rope and
counter-balance weight. The ¢ faithful historian,” in
describing this machine, says: ¢ The cutter being set into
rapid rotation the marble i1s brought up to it, and is cut
away by the action of the revolving iron. The marble
advances onwards as fast as it 1s cut, and then presents a
series of parallel mouldings on its surface, the counterpart
of those in the cutter.” With all due deference to the
“ faithful historian,” we are afraid that if no other cutting
or abraiding material was employed, the work turned out
on this machine must have been, to say the least of it,
rough, or else the marble must have been very soft and
the cutters very hard. There is little doubt, however,
that a constant supply of water and very fine-grained sand
was introduced between the periphery of the cutter and
the marble. The writer has recently tried several ex-
periments in moulding marble, with, so far, very encourag-
ing results. In lieu of iron cutters and sand, he has used
a certain quality of emery disc or wheel with the profile
of the desired moulding formed in its periphery ; this he
found to cut with considerable rapidity, and with certain
modifications in the constituents of the dise, and in hold-
ing and feeding the marble, 1t should be made practically
and commercially successful.

About the year 1853 Messrs. Knowles and Bellhouse,
of Manchester, patented a series of machines for cutting
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and shaping marble and stone. In one of these they used
a rotary cutter or rubber combined with a template guide
for the direction of the shaping surface in the accurate
contour line of the intended shape of the article to be pro-
duced from the rough block or slab, as it lay upon a
traversing table. When symmetrical or circular mould-
ings were required, the inventors attached a set of shaping
or moulding blocks to arevolving disc ; this was mounted
on a vertical spindle and brought on to the work by
means of a lever. In another machine for circular
moulding, the necessary working pressure was obtained by
means of weights or springs, whilst the table carrying the
stone was arranged with rotary and traverse motions, so
that, if necessary, it could be made to revolve as well as
the cutters. We have drawings of these machines before
us, and they appear thoroughly practical, and reflect credit
on their designers. -

Moulding machines for working stone may be divided
into two classes: (1) those in which the cutter spindles
or barrels work in a horizontal position. (2) Those in
which they work in a vertical position. As we are
inclined to favour the latter type, we will discuss these
first. In the earliest machines, as we have already
mentioned, the converse of the moulding required was
turned in cast iron and afterwards chilled. Flat cutters
of steel mounted in a vertical revolving spindle followed
these. And also a kind of hollow saucer cutter, made of
chilled iron, which was attached to the foot of a vertical
spindle. This was guided i its action by a pointer
attached to the slide which carried the spindle, and by a
grooved pattern attached to a portion of the table, which
was made to rotate.

In one type of vertical moulding machine, the stone is
mounted on a travelling table, and traversed by means of
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a screw-feed past a vertical cutter-barrel, in which are
fixed several sets of roughing tools, usually six—these
roughing-down tools are plain rolled bars of steel, of a
section similar to Fig. 21. These can be advanced or
retired in their tool-box to
sult any profile of mould-
ing required. The cutting
edge of one set projects a
little over the previous set,
so that each time the stone
18 traversed six cuts are
made, the result being great expedition in roughing the
stone down to the approximate shape of the moulding
required. The roughing tools are kept in position by
suitable packing pieces, and only one set is required for
any section of moulding that may be desired. As soon
as the stone is roughed down by these tools to the ap-
proximate shape of the moulding, it is scraped to its
exact outline, and finished by a scraping cutter, which is
fixed in the tool-holder or cutter-barrel on the right-
hand side, or behind the roughing tocls. This finishing
cutter is brought into action, and the amount of its cut
regulated by a hand-lever, under the immediate control
of the workman. If the roughing cutters are carefully
adjusted, little work need be done by this tool, and a
finish and sharpness of outline is produced quite un-
attainable by hand.

The table which carries the stone can either be used
horizontally, or placed at an angle which will be found
convenient for undercut and other mouldings. The table
is traversed by a screw-feed worked by two sets of pulleys,
one for moving the table forward whilst cutting, and the
other for running it back at a higher speed, preparatory
to taking a fresh cut.

¥ic. 21.
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Amongst the most advanced machines for moulding
stone must be included Hunter’s Patent Duplex machine,
which we illustrate herewith (Fig. 22). In this machine
the stone 1s subjected to the action of both revolving and
scraping tools. The improvements consist in mounting
two vertical spindles which carry revolving cutters, one
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on each side of a reciprocating or travelling table, upon
which the stone to be worked is fixed. The cutter
spindles are driven by screw or worm gearing; the two
worms being inside right and left handed, the thrust of
each partly counteracts that of the other. The table 1s
driven by means of a worm working into a rack fixed on
the underside of the table; this worm is made slightly
taper on a shaft somewhat inclined, so that the outer end
of the shaft to which is applied reversing bevel gear is
sufficiently low to permit the table to travel over it.

The mouldings are roughed out by the small trumpet-
shaped steel cutters similar to those used for circular saw-

ing, and shewn in Fig. 4 ; these are mounted horizontally
G
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on flat malleable iron tool holders, similar to Fig. 24 :

these are arranged on the vertical spindles in rotation,
the sizes of the tool holders being graduated according
to the depth of the various members of the moulding.
For scraping and finishing the stone, flat profile steel
cutters are used ; these are fixed in tool holders,
mounted on vertical columns with elevating screws; on

Fic. 28.

the upper part of these columns are fixed cross tubes, in
which the tool holders are fixed. These are adjustable
horizontally across the travelling table by means of
screws, so as to bring the tool to act either on the side
or on the upper surface of the stone as required.

The one tool scrapes or planes when the table travels
the one way, and the other when it travels the reverse
way, so that no time is lost in running the table back for
a fresh cut, as in other machines of this class. The top
of each tool holder 1is fitted with a swivel to hold an adjust-
able cross bar for planing an inclined face.

Mr. Hunter adopts a simple plan for holding the
cutting tools ; this i1s illustrated by Figs. 23 and 24. 1t
consists of a casting having holes for the reception of the
tools, and transverse steel keys fitted on inclined beds.
The tool being inserted into the hole is fixed securely
therein by drawing up the key by means of a nut. The
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key is formed with a V-edge, which slightly Impresses
itself into the tool, and prevents it from moving. Two or
more tools can be fixed in one holder, and each tool is set
80 as to overlap that in the next holder. These tool-
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FI1c. 24.

holders or blocks are for some kinds of stone mounted in
trunnions, thus presenting a fresh cutting edge to the
stone when the spindle 1s reversed. Figs. 25 and 26
show the method adopted by the inventor for mounting
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FIG. 25. Fic. 26.

the scraping tools, which are adjustable horizontally
through the cross tubes before alluded to. Fig. 4 repre-
sents one form of cutting tool employed by Mr. Hunter.
The general arrangement of this machine 1s compact and
good, and the combination of revolving and scraping
cutters 1s not, we believe, found in any other machine of
this type. For moulding the softer kinds of building

G 2
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stones this machine should be especially serviceable.
For moulding and surfacing semicircular windows and
such like curved work, a revolving table is generally
employed, the cutters being usually made adjustable in a
slide, but stationary, the table earrying the stone being
arranged to revolve against them. For working the
softer stones this machine can be made to effect a large
saving over hand labour.

In moulding or planing stone, it is of the utmost
importance that the blocks are very firmly fixed. There
are several ways of doing this. If a number of pieces of
the same size have to be worked, a good plan is to make
a strong skeleton frame of hard wood, and fix it securely
to the travelling table. Into this frame the stone can be
lowered and wedged up. This dispenses with the ordi-
nary method of cramping, and is more expeditious. To
further support the tools and stone whilst being moulded
some engineers form the lower part of the box carrying
the cutting tools as near as possible to the profile of the
desired moulding. |

For holding shafts or pillars in position whilst being
moulded or planed, a centre head or head stocks of
moditied form are usually employed. These can be
moved about on the table, and made adjustable to blocks
of varying lengths. The stone can also be fixed at any
desired angle.

When working mouldings, a template of the profile of
the required moulding should, in all cases, be made in
sheet iron and marked on the stone. The cutting tools
can then be more readily adjusted to suit.

In dressing and moulding machines where a number of
cutters are employed, or where they are difficult to adjust,
it will be found well to sharpen them in their places.
This can usually be done without much trouble, by means
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of a revolving emery wheel, mounted in centres, and
driven by an elastic band.

In making bevelled mouldings the stone should, if pos-
sible, be sawn to an angle before being put on the
machine, as the cutters having thus less stone to remove
are subjected to less strain, and consequent wear ; at the
same time the stone is less liable to pluck in the working,
or break at the arrises. For ‘‘ checking ”” deep mouldings,
a circular saw may be used with advantage, this is fixed
on the top of the other cutter holder, and cuts into the
stone before the cutters following it come into play. In
moulding stone, all complex forms of cutters should be
avolded ; and many members of the same moulding
should not be formed on one cutter—except for scraping
and finishing purposes—or considerable trouble will be
found in keeping the iron to the desired outline : at the
same time, it is much more liable to twist or crack whilst
being hardened. The temper of the cutters should be
adjusted according to the hardness or nature of the stone
being worked. We can recommend the following plan for
hardening cast-steel tools, the edges of which—provided
the steel be good—will be found to stand well : Take four
parts of powdered yellow resin and two parts of train oil,
mix them carefully, and add one part cf heated tallow. The
object to be hardened is dipped into this mixture red-hot,
and is allowed to remain in it until it is quite cold.
Without having previously cleaned it, the steel is again
put into the fire, and is then cooled in boiled water in the
ordinary manner. We purpose giving elsewhere some
further directions as to tempering the cutting tools ; the
subject being one of the utmost importance in securing
the efficient working of the various machines.

Our 1illustrations (Figs. 27, 28, and 29) represent a
stone moulding and planing machine from the designs of
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Messrs. Western & Co, The cutter barrel is a fixture
and arranged vertically, and plain bars of steel of taper
section first of all rough out the profile of the desired
moulding, which is afterwards scraped smooth by a steel
cutter formed to the exact outline required. In working
soft stone, such as Portland, a considerable amount of
stone can be removed at each cut. The stone to be worked
is fixed on a table, which is traversed by means of a screw
past the cutters till the moulding is shaped to the desired
outline. It will be found well adapted for dressing steps,
string courses, sills, and other builders’ stonework. The
table carrying the stone is fitted with a false top, hinged
in front, and adjusted by screws, so that mouldings can be
worked whose outline would otherwise be undercut from
the face of the tools. The tools are readily adjustable,
being divided by packing pieces, and held firmly in posi-
tion by set serews.

Those stone-moulding machines in which the cutter
barrel is arranged to work in a horizontal position, have
hitherto been modifications of either planing machines
for working iron, or circular stone-sawing machines. In
one type of machines the cutter-barrel 1s made torevolve,
the cutters being fixed in its periphery, whilst in another
the cutters are fixed in a stationary tool-box after the
same manner as tools used for planing iron. For rough-
ing out mouldings a number of small saws, varying in
diameter according to the profile of the moulding, are
occasionally employed, instead of specially shaped tools;
they are, however, too expensive for general use.

The travelling table which carries the stone can be
arranged with a reversing motion, and by the employment
of double-nosed tools they may be made to act on the
stone during both passages of the table. Two tool boxes
may be employed—one on either side of the table—the one
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being used to finish a moulding, whilst the other is rough-
ing out. For working architraves, strings, cornices, &c.,
imn soft stone, the fixed tool boxes used in this and the
vertical type of machines should be useful ; but for
facing or heavy moulding purposes, especially with stone
of any degree of hardness, we do not approve of the
system, as the dead contact of the tools and the stone is
too prolonged. The framing of this type of machine
should be of massive section to overcome the vibration in
working. In working soft stone by this method, the
table should travel at about 4in. per minute for roughing
out, and about 10ft. per minute for finishing with the
scraper ; these speeds, however, should be modified
according to the nature of the stone being worked. By
fixing—in addition to the moulding cutters—two circular
saws on the cutter-barrel, the sides of a block of stone
may be squared up at the same time as the moulding is
being cut.

For edge moulding and trueing up slabs, &ec., vertical
spindle machines somewhat similar to those used for
moulding and shaping wood have been used with some
success. These machines consist of one or more vertical
spindles which project above the surface of a cast-iron
table ; feeding tables which carry the stone or marble are
arranged on each side of the machine, and bring the stone
under the action of the cutters. The cutters are usually
made of steel, and of a shape converse to the moulding
required, but vary according to the nature of the work,
some being arranged with perforations for supplying
emery or other abrading material. The stone to be
shaped is very securely clamped on the table, and slowly
traversed past the revolving cutter, usually by hand.
The travelling table 1is generally arranged with two
motions, one tangential to the circle described by the
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revolving cutter, and the other at right angles to this.
The bottoms of the vertical spindles run in footstep bear-
ings ; these should in all cases be made adjustable for
wear, and especial means taken for their lubrication.
The cutter spindle should be made of steel, and the main
framing of the machine of substantial section, to overcome
as far as possible the vibration of working.

Our illustration (Fig. 80) represents a machine for
moulding and planing stone by Messrs. Rotheroe, Sher-
win, & Co. The machine, as will be seen from the sketch,
is an adaptation of an ordinary planing machine for iron ;
the travelling table is fitted with reversing motion, and
two double boxes are fitted which can carry, if required,
two tools, so that the stone may be, if necessary, operated
on during both traverses of the table. The stone is
roughed out with a double-nosed tool and finished with a
steel cutter shaped to the exact profile of the required
moulding.

In concluding our remarks on stone-moulding machines
we may say we are decidedly in favour of using a combina-
tion of revolving cutters for roughing out, and stationary
scraping cutters for finishing, in preference to two
stationary sets of cutters; the dead contact of the rough-
ing cutters with the stone being less, consequently the
wear and tear and power required to drive is less in pro-
portion and there is less liability to ¢ pluck.”
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FIG. 80.—HORIZONTAL FIXED CUTTER MOULDING AND PLANING MACHINE.
To face page 88.
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CHAPTER IX.
RUBBING OR SURFACING BEDS.

RUBBING beds usually consist of large dises of cast
iron mounted on the top of a vertical spindle, to which a
rotary motion is given by suitable toothed gearing.

The rough stone to be faced is placed on this dise and
furnished with a supply of sand and water. The disec
being set in motion, a perfectly true and smooth face is
formed on the stone, which is kept flat on the dise usually
by 1ts own weight, and prevented revolving by means of
a fence or fences placed across the table, and one or more
pieces of stone may be faced at the same time.

Mr. Tulloch’s grinding bed differed considerably from
those now commonly in use : in his machine the slab to
be ground was placed horizontally on a moving bed, and
the grinding produced by sand and water, by means of a
large flat plate of iron resting upon the surface of the
slab. The two surfaces were traversed over each other
with a compound motion, partly excentric and partly
rectilinear, so as to continually change their relative
positions.

The machine consisted of a frame about 9ft. long, 6ft.
wide, and 8ft. high. About 2ft. from the ground is
mounted a platform that is very slowly reciprocated hori-
zontally for a distance of from 1 to 2 feet, according to
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the size of the slab, by means of a rack and pinion placed
beneath, and worked alternately in both directions. Above
the platform are fixed, vertically, two revolving shafts,
having, at their upper extremities, horizontal toothed
wheels of equal diameter, which are driven by means of
a central toothed wheel hinged on the driving shaft. The
two vertical shafts are thus made to revolve at equal
velocity, or turn for turn; and to their lower ends are
attached two equal cranks, placed parallel to each other,
the extremities of which, therefore, describe equal circles
in the same direction. To these cranks the iron grind-
g plate or runner is connected by pivots, fitting two
sockets placed upon the central line of the plate. The
cranks are made with radial grooves, so that the pivots
can be fixed by wedges at any distance from the centre
of the crank. When the machine is put in motion, the
orinding plate 1s thus swung round bodily in a horizontal
circle of the same diameter as the throw of the cranks,
which is usually about 12in., and, consequently, every
portion of the surface of the grinding plate would describe
a circle upon the surface of the slab if the latter were
stationary. But by the slow rectilinear movement of the
platform, the slab is continually shifted beneath the plate,
so as to place the circles, or rather the cycloids, in a
different position ; and it is only after many revolutions
of the cranks that the same points of the surfaces of the
grinding plate and slab are a second time brought in
contact. The grinding plate is raised for the admission
of the slab by means of four chains suspended from a
double lever, and attached to the arms of a cross secured
to the centre of the upper surface of the plate, which is
thus lifted almost like a scalepan. For slabs that are
much thicker or thinner than usual, the principal adjust-
ment is obtained by the removal or addition of separate
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beds or loose boards, laid upon the platform to support
the slab at the proper height. Slabs that are too large
to be ground over the whole surface at one operation are
shifted once or twice during the grinding. The weight
of the horizontal plate supplies the pressure required for
grinding ; and the pressure can be regulated, if necessary,
by a counterpoise weight attached to the double lever.
The sand and water required for the grinding is thrown
upon the grinding plate, which is pierced with a number
of holes, and is surrounded by a ledge, so as to form a
kind of shallow tray. The sand and water find their way
beneath the plates through these holes, and gradually
work their way out at the edge.

About the year 1859 Messrs. Coulter and Harpin, of
Huddersfield, erected several machines for rubbing build-
ing stones. The machine consisted of a circular iron
table on which the stone was laid ; this table was made
to revolve after the manner of the circular rubbing beds
now in use, and on the top of it was placed an iron frame,
arranged to rise and fall according to the thickness of
the stone on the table. Stones were fixed loosely in this
frame, and 1t was made to traverse backwards and for-
wards over the face of the stone fixed on the moving
table. Water and sharp sand were used, and the two
faces of the stones worked at the same time. It is
reported that at the trial of this machine the revolving
table was packed with rough building stones to the extent
of about 80 square feet, and the upper frame was filled
with paving stones, as they came out of the quarry; the
machine was set in motion and ran for twenty-five minutes,
when it was found that both sets of stones were smooth
and level, more especially the top stones, which were
stated to have been as smooth as ice. The amount of
stone rubbed at a trial in Glasgow in less than half an
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hour was 150 super. feet, which is about equivalent to
the work of eleven men for one day.

As the stone approaches completion on the rubbing
bed, the sand is changed gradually for finer kinds, and if
a very smooth surface is required, the finish is usually
given with the finest silver sand. If the stone is carefully
handled, the work turned out on a rubbing bed will be
found far superior to hand labour, and it can be produced
at a much less cost. Another advantage accruing from
1ts use 1s that the mason can make a much neater and
closer joint, and in less time than with hand-prepared
stone. For facing ashlar, rubbing beds will be found
extremely useful, as the rubbing does not bruise the
stone as 1s often the case with mason’s hand work. The
pores of the stone are also closed by the rubbing, and its
general appearance is superior to hand work. The cost
of rubbing stone may be set down at from 1d. to 8d. per
foot, according to its nature. Heads, sills, steps, &ec., can
also be readily faced on a rubbing table, and a number of
small pieces may be wedged together.

For rubbing or facing long pieces of stone, some
masons prefer to mount the stone on a traversing table,
and rub its top surface with a disc, instead of placing the
stone face downwards on an ordinary rubbing-table, as
they maintain they can obtain more uniform work. In
facing long pieces of stone there may be some truth in
this, as it will be readily seen that that part of a large
rubbing disc near the periphery will travel much faster,
and, consequently, cut quicker than that near the centre ;
thus more stone is removed from the end of the block
near the periphery than that near the centre. A skilful
mason can, however, remedy this in a great degree by
regulating the supply of sand and water. It is important
that the table be capable of adjustment both horizontally
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and vertically, and in the larger sizes, in addition to the
ordinary footstep bearing supporting the vertical shaft,
a further support should be given to it rather more than
half-way up. This can readily be done by means of a
rest, and one or more wrought-iron girders.

The footstep bearing should be made of steel or
phosphor bronze, carefully fitted, and especial means
taken for its lubrication, or it may give some trouble in
working owing to the excessive downward pressure. This
bearing should also be made adjustable for wear; if it is
not, and the vertical spindle be allowed to sink, the bevel
toothed driving wheel and pinion will become too deeply
in gear, and breakage will be the result. The revolving
bed should in all cases be surrounded by a trough for
carrylng away the waste sand and water. A constant
supply of different grades of sand should be at hand, so
that the workman may use that best suited to the work
in hand. Adequate means should also be taken for
Lifting the stone on and off the bed, so that no time is
lIost in this way.

As horizontal disc rubbing beds are of considerable
weight, being made 1n some cases of as large a diameter
as 14ft. or 15ft., to secure their satisfactory working, it
is of the highest importance that they are truly fixed on
very substantial foundations. These foundations can be
of stone, brick, or concrete, preferably the first. Imme-
diately below the vertical spindle a chamber should
be formed for the driving gear to run in, but sufficiently
large to admit a workman for adjustment and repairs.
The foundation bolts holding the footstep pedestal block
and pinion shaft should pass entirely through the founda-
tion, as in working a considerable amount of strain is put
on these.

In another arrangement for surfacing and polishing
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the stones are attached to face plates fitted on tables
arranged with a horizontal traverse ; the face plates are
made adjustable, so that the stones can be advanced to or
from each other, the plane surface of the stone being
produced by the rubbing of one stone against the other.
The traverse speed of the table is arranged according to
the nature of the stone being worked, and an output of
from 150 to 200 superficial feet per day can be looked for
with a stone of moderate hardness.

For facing and polishing stone and marble of awkward
section, or when fixed in an awkward position, a flexible
shaft (Stow patent) may be used with advantage ; this
may be used for transmitting rotary motion to a rubbing
disc or plate in any direction from the motive power.
This shaft is made up of a series of coils of steel wire
wound hard upon each other, each alternate layer
running in an opposite direction, and the number of
wires in different layers varying according to the work for
which the shaft is adapted. About one and a half inch
at each end of the shaft 1s brazed solid, and to these
solid ends the fittings are attached, the one to receive the
revolving tools, the other to receive the power from the
pulley inclosing it, which in turn receives its power from
a belt. The shaft is inclosed in a case, consisting of a
single coil of wire, its internal diameter being a loose fit
for the outside of the shaft, covered with leather or other
flexible material. This method of construction insures
great torsional strength, at the same time entire flexibility
at right angles to the axis; it is thus enabled to reach
round corners and out-of-the-way places.

For facing and shaping stone, slate, or marble, a
circular plate, arranged with a rotary motion by means of
bevel gear, is employed. This can be attached to the
flexible shaft by means of a clutch. The emery, sand,
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or other abradant is used solid, in the shape of a dise,
and 1serted in a turned recessed plate, which is held
firmly on the work to be faced by the attendant. When
achange of grinding dises is necessary, the plate contain-
ing the disc is unscrewed from its spindle and another
put in its place. The coarseness or fineness of the discs
can thus be varied at will, according to the surface re-
quired, or the nature of the material being operated on.

Stone rubbing or facing is due to the action of an
abradant or of mutual abrasion, usually with sand,
between two surfaces. Various other forms of rubbing
or facing tables than those described are in use. In
some of these a flat face on one stone is produced by the
rubbing or friction of another. A good way to carry out
this plan is to mount the grinding stone, and the carriage
carrying the stone being ground, on different centres; an
excentric motion is thus obtained, and the carriage being
moved along longitudinally, all parts of the stone are
brought under the action of the grinder; or two stones
may be made to face or dress each other, by arranging the
upper one in a frame with a rotary motion, and mounting
the lower one on a table or carriage with a longitudinal
movement. Where heavy friction is not required to
produce a smooth surface, the little machine we illustrate,
Fig. 32, will be found extremely useful. This is worked
by hand, and consists, briefly, of a horizontal rubbing or
scouring disc, worked by bevel gearing. The rubbing
disc is connected to the vertical spindle by means of a
universal joint. The machine is pushed over the surface
of the stone by hand; and for scouring and other
purposes on a building contract, where large machines
are not available, we can recommend it.

Our illustration (Fig. 31) represents a stone-rubbing
and facing table from the designs of Mr. E. P. Bastin.
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A cast-iron
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gement requires little explanation ; the

centre shaft carrying the table is well supported, and the

footstep bearing is made adjustable for wear.

Its general arran
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CHAPTER X.

STONE RECESSING AND QUARRYING MACHINERY.

For recessing and moulding small figures and designs In
stone, an overhanging vertical spindle machine, somewhat
similar to that used for the recessing and internal shaping
of wood, is employed. The vertical spindle carrying the
cutting tool is driven by a belt and mounted in a fram.e
arranged with several flexible or elbow joints, so that. it
may be rapidly moved to any point of the table which
carries the stone to be worked, and which 1s placed
beneath it. The stone with an open pattern placed over
it is clamped on the table, which is arranged to rise and
fall. The cutting tool, which usually consists of a number
of diamond points, is mounted on the end of the vertical
spindle, and is raised or depressed by means of a l.e-ver or
handle, as may be required to suit the inequalities of
the work, whilst a jet of water is brought constantly to
bear on the point where the cutting tool is in operation,
This machine is also well adapted for drilling purposes.
For moulding large circular slabs four arms, are usually
employed ; these are of equal length, and are mounted on
the overhanging vertical spindle at right angles to one

another. At the end of these arms the cutting or

scraping tools are fixed ; these consist of pieces of wrought
iron, bent and shaped to the curvature and outline of the
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moulding required. By setting the scraping tools nearer
or further from the centre, smaller or larger circular
mouldings may be produced. The action of the cutters
1s really an abradant one, the track of the cutters being
furnished with a constant supply of sand and water.
Either the revolving arms or the vertical spindle must be
counterbalanced, so that as the moulding becomes deeper
they descend in like manner into the stone or marble.

For cutting out circular holes, wrought-iron cylinders
are employed ; these are fitted to the bottom of the ver-
tical spindle, and vary in size according to the diameter
of the holesrequired, and the fissure formed by the cutters
1s supplied with sand and water in the usual way. Dia-
mond points may also be employed for cutting holes with
advantage in very hard stone or marble.

For working small irregular or straight mouldings on
chimneypieces, edges of shelves, washstands, brackets,
marble console tables, and the like, a simple and cheap
machine may be made by modifying a wall-drilling
machine and mounting a chilled iron cutter block in
place of the drill. It will be found advisable to mount
the marble to be moulded on a table with a rotary motion,
and fixed on a trolley arranged with horizontal and
transverse movements. The table can be made to run
horizontally in V-slides, the trolley itself tranversly on
metals: both of these movements may be regulated by
means of chains and counterweights. The marble to be
worked must be firmly fixed on the table, and a template
of the required moulding should be made in sheet iron.
Care must be taken that the oil from the bearings is not
allowed to drop on to the marble being worked.

For moulding purposes, cutter blocks are made of
chilled cast iron, steel, composite metal, brass, emery

composition, and even of stone itself.

H 2
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Where revolving cutter barrels are employed, in lieu of

the ordinary forms of cutters used, a series of thick circu-
lar saws of small but varying diameters will be found
extremely useful for roughing-out purposes, and can be
so arranged on their barrel or spindle that mouldings of
considerable depth and some degree of complexity may be
roughed out with a minimum amount of ““ plucking ” on
the stone. The mouldings thus produced must, how-
ever, be finished by a fixed scraping cutter shaped to the
desired outline, or by hand.

For cutting gains or grooves in stone, separate groups
or gangs of chisels are usually employed ; these chisels,
which are pointed similar to Fig. 33, are worked by steam,

and have a reciprocating movement. They are
@2 mounted in frames arranged on either side the
main frame of the machine, which moves hori-
zontally on rails over the stone to be channelled.
The chisels or cutters work outside the rails
carrying the machine, and the frame carrying
them should be arranged to swivel, so that the
cutters may be set to work at any desired angle.
The machine should be fitted with varying rates
of feed, which should be regulated in speed ac-
cording to the nature of the stone being worked.

This form of machine is also employed in quarrying,
and by making gains in the stone it can be more readily
split off in layers.

Some years ago, Mr. George Hunter brought out a
machine for cutting stone, &c., out of the living rock in
the quarry itself; and, although the subject 1s slightly
beyond the scope of these pages, the machine, from its
ingenuity, is deserving of a further notice.

In this machine, the cutting tools, instead of being
placed in a single row round the periphery of a disc, were

F1G, 33.
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fixed 1n rows of twos and threes alternately across the
margin of the wheel-like dise, so as to clear away a wider
space. The outer portion of this wheel-like disc was a
ring of fine malleable cast iron, armed on the outside with
tools, and carrying a cogwheel outline. Not to enter into
small details of fittings, this cogwheel is made to revolve
on a broad metal plate as its axle. This broad plate is of
great strength, and forms four-fifths of the diameter of the
entire cutter, and can be firmly bolted to the machinery
frame by any part of its surface nearest to the coggea
wheel which carries the tools, and the latter so held is
made to revolve by a pinion around it. This arrange-
ment allows eccentrically-held cutters to penetrate the
rock to a depth exceeding the semidiameter of the disc.
In the circular saw, with a central axle, the blade can
only penetrate to so much of its semidiameter as is clear
of the axle and collar, and great force would be required
to hold such a cutter up to its work in the rock:; but in
the machine now before us, the cutter wheel is buried in
the cut up to the point at which it is held, and, prac-
tically, allows of a cutter of 3ft. 4in. diameter burying
itself to the depth of 2ft. 8in.; and as the cutter cuts out
at a chord smaller than the diameter, the tendency of the
out-coming tools 1s to draw the cutter into the cut,
instead of foreing it out. A machine of this kind, cutting
horizontally, works with great freedom, and advances
rapidly through slate rock upon which it is employed.
But when a cutting wheel on this principle is applied to
make a vertical cut, a still smaller surface of the broad
axle-plate 1s occupied by the holder, as it can in that
position be grasped on both sides, and the axle carrying
the pinion can be passed through the wheel and supported
on double bearings.

The machinery, including the cutter wheel, for vertical
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cutting, is fixed on a carriage running upon rails, and
worked by a wire rope. The cutter wheel is gradually
brought down from its travelling position by a worm and
worm wheel to press upon the rock till it buries itself up
to the holder, when it is fed forward by a self-working
screw, attached by chain and swivel to some point in
advance, or by winding directly upon a chain.

A tolerable level having been first obtained on the face
of the quarry, and a line of rails pinned down in the direc-
tion of the cut to be made across the greatest length, the
machine commences its advance, leaving a deep groove
behind it 2in. or 8in. wide, and 2ft., 8ft., or 4ft. deep. A
series of parallel cuts may afterwards be made, or two disc
cutters on the same carriage frame may be advantageously
used to make two cuts at a time. An opening at the com-
mencement of the first cut end must then be got out by
blasting or otherwise ; but afterwards, if the rock has any
sort of cleavage or layering, it maybewedged up from below.
The rock from the first two cuts being thusremoved, the
vertical cutter may readily be applied to cross-cut the longi-
tudinal grooves into squared blocks to be removed by under-
wedging, or partial undercutting, when there 1s not afavour-
able cleavage. 'The principle of the undercutting machine
is precisely the same as that of the vertical cutter. The
cutter plate, however, has to be held horizontally by one
side only. The cutter lies under the frame that carries it,
and is advanced into its cut by worm and worm wheel, as
already described. When buried up to its holder in the
rock, the cutter traverses along a slide-frame 12ft. long.
At the end of the 12ft. the slide and its carriage frame
are pushed forward on the wheels for another length, and
there fixed so as to leave the cutter free in its previous cut ;
it again proceeds on its journey, fed forward by its self-
acting screw, and so on to the end of the opening,
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CHAPTER XI.
SCULPTURING MACHINERY.

Maxy attempts have been made to construct carving
and sculpturing machines; these have met with a very
small degree of success, and there still remains in this
direction ample scope for inventive genius.

The best-known machinery is that patented by Mr.
Jordan, of London, in 1845, and a variety of machines
based on this patent have since been constructed. It
was designed for carving and copying irregular forms in
wood or stone. The material to be shaped, and the
model, or ¢ dummy,”’ were fixed on a horizontal table
running on wheels transversely on another table or frame,
which was arranged to move in a longitudinal direction,
so that by the straight line movement in two directions
the table could be made to have a motion in every part of
its own plane. The model and material to be shaped
were made to swivel on centres, and so arranged that by
means of a lever each could be turned simultaneously on
its axis. 'The cutters were carried on a vertical shde
this vertical slide was raised or lowered to the work,
which was fixed on the travelling table beneath by means
of a treadle. A tracer guide acting on the model pro-
duced, by the aid of the cutters, facsimiles in the piece or
pieces of material.
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Kennan, of Dublin, some years since, adapted a lathe
to sculpturing purposes. The cutter, which was driven
at a tolerably high rate of speed, and the guide, or tracing
point, were mounted on a triangular steel bar, working
on a universal pivot at one end, attached to the fixed
head of the lathe, and suspended freely at the other end
by a balance weight and cord over a pulley. The model
and the block to be sculptured were fixed upon chucks
mounted on two carriages, which were adjusted in position
on the bed of the machine, according to the required
proportional dimensions, when, of course, the relative
distances of the model and the block from the pivot of
the bar must correspond with the tracer and the cutter.
The chucks were turned simultaneously on their centres
by means of two worms on one rod, turned by means of
a hand wheel at the end of the machine, and gearing into
worm wheels on the chuck spindles, so that every part of
a round object accompanied by the block may be brought
before the tracer and the cutter respectively. The driving
band was kept at a uniform tension by being passed over
straining pulleys on a weighted lever at one side of the
machine. |
~ In another machine for copying sculpture, the model
and the block are placed on two revolving tables, turned
in unison by a worm shaft. With a dummy point, or
tracer, at the model, as a guide, a small drill or cutter,
turned by a cord passing over pulleys carried by a swing
frame hung from above, operates upon the block. The
point and the cutter are raised by a vertical screw in the
frame. A ball-and-socket frame is applied for turning
and undercutting, or to descend upon a horizontal surface.
For cutting basso-relievos, a parallel traverse on two
guides is employed with the screw.

The great engineer Watt also constructed a sculpturing
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machine, which is said to have copied busts with some
success. Thismachine has recently been fully illustrated
and described.* It appears Watt constructed two
machines, one for reproducing busts or bas-reliefs of the
same size as the original, and the other one for making a
copy of a reduced size. The first machine Watt called
an *‘ Eidograph,” and it consisted, firstly, of an ordinary
lathe, with treadle and fly-wheel, to supply the motive
power ; and secondly, of two tall uprights about seven feet
high, carrying at the top a slide on a strong horizontal
bar, the slide being capable of motion horizontally, either
at a slow or quick speed. Then, hinged to this slide is a
light square frame of metal, and, at the outer edge of this,
another light square frame of metal is hinged, so that the
lower edge of such frame is capable of motion up and
down, or in and out, like an elbow joint, and horizontally
when the top slide is moved. The weight of these frames
1s balanced by levers and balance weights and chains
above, and the lower edge of the second frame is furnished
with a * feeler” or ““ guide,” to traverse over the original
model, and a drill driven at a high speed by a light cord
to cut the work or copy; so that by handling the feeler
carefully, and tracing over the original in all directions, a
piece of marble or alabaster or wood, placed in the machine
alongside of the original is cut to a perfect copy by the
machine without fear of any mistake, and without any
special skill on the part of the operator.

The slow motion to the slide above, carrying the frames
and feeler and drill, is worked by a convenient handle and
tangent-screw when cutting, and the quick motion can be
thrown into gear with the lathe wheel to run back. The
quick motion has a coarse traversing screw, having a nut

* Proceedings of Inst. Mech. Engineers, Nov., 1883.—Paper by E. A.
Cowper.
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in halves, that can be closed or opened; and the slow
motion has a fine-threaded screw with a similar nut, so
that 1t also can be thrown into gear or released. There
1s a noticeable feature in the frames above mentioned, and
that 1s, that in order to prevent their springing or going
‘““ winding,” they are practically formed into * solids” by
the erection of the outlines of a pyramid on each; this
plan gives extreme stiffness at the expense of very little
weight. Specimens of the work done on this machine are
in existence, and both the original and copy can be
mounted in their places on the machine, and be turned
precisely together by a pinion gearing into the two wheels
on the mandrels of the carriages on which the articles are
placed, so that undercutting could be properly accom-
plished, as well as straight cutting into the work by the
drills. The drills, ecircular cutters, and other cutting
tools are excellent, some being formed for roughing-out
apparently, and made to cut in steps, some in the forms
of globes with the whole surface formed into numerous
cutting edges, so that it was a cutting globe so to speak,
and could go anywhere, as it could cut in any direction.
Watt called his second machine for making reduced
copies a ‘‘ Diminishing Machine.” The machine consists,
firstly, of a lathe bed, with fly-wheel and treadle for ob-
tainiilg the motive power for driving the drill ; secondly,
of a stout hollow tube, forming a long lever, fulcrumed
at one end on a universal joint, so that the other end can
be moved in any direction about the centre. This lever
carries a ‘‘ feeler ”’ or blunt point near its outer end, and
a drill near the fulerum, so that whatever motion the
feeler has, the drill has (say) one eighth part as much.
The lever is balanced. The slides above named slide on
the bed of the lathe, and are moved by a pentagraph or
arrangement of levers, to give one eighth as much motion
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to the work to be cut, as to the original, so that every
dimension shall be in proportion. A further motion is
provided for turning round the original and the copy, as
1s sometimes necessary when undercutting a bas-relief,
and, of course, when copying the round figure. '

In the London International Exhibition of 1862,
Messrs. Cox & Son, of London, exhibited a machine for
carving in wood ; applicable also for carving in stone and
marble. It was founded on Jordan’s well-known patent ;
and by means of revolving cutters and a tracer-guide, it
copied from a model in duplicate and triplicate. In place
of the tracer and cutter moving over the model and the
work, as in some other machines of this class, they were
stationary in a balanced frame, with freedom for vertical
motion only. The vertical spindles are reported to have
made from 5,000 to 7,000 revolutions per minute—this
speed, however, was for working wood—whilst the model
and the work were traversed under the tracer and cutter
on a table capable of horizontal movement transversely
and longitudinally. This machine was said to be capable
of roughing-out four panels in four hours, which were
finished by one man in a day, and which would take a
man four days to carve by hand.

We believe this or a duplicate machine was worked with
success for some years in the Belvedere-road, Lambeth ;
but we are unaware whether it is at present in use.

Many other attempts have been made to utilise the
Blanchard copying lathe, &ec., for sculpturing purposes,
but without any permanent commercial success. Although
there may be considerable difference of opinion—in an art
sense at any rate—as to the advisability of reducing
sculpture, when possible, to a mechanical process, much
can be said on the other side as to the gain occasioned,
in the art education of the masses, by the reproduction by
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mechanical means of standard examples at a nominal
cost ; or, at any rate, by allowing machinery to do all the
rough work, leaving the artist or art workman to give the
finishing touches.  Before, however, even this can be
accomplished successfully, great improvement in  the
already-existing machinery must be made.
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CHAPTER XII,

POLISHING BEDS.

THESE have undergone comparatively little alteration
for many years. The polishers are usually actuated
by a crank from the main or an intermediate shaft -
this, by means of a connecting rod, sets in motion a
swing frame acting as a pendulum; from the base of
this swing frame rods run horizontally to the rubbers,
or polishers, which work to and fro on a bench or table.
The swing frame is usually suspended on centres fixed
to beams above the machine, and the rubbers can be
adjusted to the width of the marble or slate by moving
their rods transversely on the bottom rod of the swing
frame. '

Whitworth describes an American polishing machine
in which the stone is polished by a flat circular disc of
soft iron, which is made to revolve horizontally. The
axis of a disc 1s fixed at the end of a heavy frame, which
moves round a strong centre shaft in a radius of about
12ft. The polishing disc revolved at 180 revolutions per
minute ; 1t was driven by a strap, to which motion was
given by a driving pulley, fixed on the centre shaft; the
disc was guided and 1ts pressure regulated by hand. It
was represented as being capable of polishing about 400
square feet of surface in a day of ten hours. Our illus-
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716, 84.

tration, Fig. 84, represents
a horizontal polishing ma-
chine for marble, granite,
stone, &ec. It will be seen
from the sketch that the bed
on which the stone to be
polished is placed, receives by
means of a crank a horizontal
motion at right angles to
the travel of the polishing

‘blocks : this arrangement

effectually prevents lines
being formed on the face
of the stone.

The chief grinding and
polishing materials are given
by Knight as follows :—(1)
Abrasive substances used in
the solid form :— Grind-
stonc, hone, oilstone, char-
coal, emery composition,
fish-skin ; (2) abrasive sub-
stances used in powder,
stated in about the order of
their hardness :(—Diamond,
sapphire, ruby, corundum,
emery, sand, flint, glass,
tripoli, Turkey-stone dust,
rottenstone, slate, pumice,
chalk, oxide of iron, colco-
thar, crocus or rouge, oxide
of tin or putty powder.

The abrasive powders are
applied by circular discs, or

POLISHING BEDS. III

sheets of iron, which cause them to act as saws. On the
periphery of wheels, which act as grindstones, glazers,
or buffs, according to the quality of the material and the
terms of the trade; on the plane surface of dises which
form laps, on the ends of rods which act as drills, and on
slips of wood which act as files. They are also spread
upon cloth, paper, leather, &ec.

For the guidance of the uninitiated, we may say a
grinding or polishing lap is a wheel or disec, or a piece of
soft metal, used to hold Cutting or polishing powder.
They are made of brass, cast iron, copper, lead, and
various alloys. Laps are usually made to revolve on a
vertical or horizontal spindle; but their arrangement,
of course, varies with the nature of the operation
carried on.

In polishing marble, &c., sharp fine sand, pumice, or
snake stone is first employed, afterwards a finer, and
sometimes a third; after the finest sand is used, emery
of different grades is employed. Tripoli powder is then
used, and the polishing process is completed with putty
powder (oxide of tin). The polishing plate for sand is
made of iron, and its size, length of stroke, &ec., is varied
according to the area of the material being polished. A
polishing plate made of an alloy of lead and tin is gener-
ally employed with the emery, and for the finishing
process old linen cloths and rags forced tightly into an
iron frame. A small but constant supply of water is also
necessary.

The polishing process is, however, varied according to
the nature of the work and the degree of finish required ;
in working dark marbles up to a fine surface crocus is
often used before the oxide of tin is applied. It is im-
portant that the marble is carefully washed after each
separate polishing material is used; as, should the
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different particles become mixed, the work would in
many cases become considerably damaged by scratches.
It is important also that the sand employed should be
of uniform quality and the particles of equal hardness ;
as, should some be much harder than others, deep
scratches will be the result. To secure this uniformity
the sand should be levigated and washed, and the harder
particles, being usually of a greater specific gravity than
the rest, may be sepa-

"f;?:—‘““‘_‘:‘:::f:@ rated with tolerable faci-
© @ . lity. Washing the sand
! 'ﬂr'i will, in practice, be

' ) found much preferable
to sifting.

For rubbing or polish-
ing blocks of moderate
dimensions, a modifica-
tion of a wall drilling
machine may be used
with advantage. As will
be seen from the sketch
(Fig. 85), to the end of
the vertical spindle is
attached a flexible or
universal jointed shaft,
which is under the im-
mediate control of the
workman, who .can regu-
late the pressure and
position of the polishing
disc, which 1s fitted to
the bottom end of the

FIG. 35.

shaft. The sliding bracket which carries the vertical

spindle can be raised or lowered at will, it being sus-
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pended and counterbalanced by a chain and weights
passing over pulleys attached to the ceilling. Motion is
given to the spindle by a pair of bevel wheels. The table
carrying the stone is, in the sketch, a fixture ; but where
large quantities of heavy stones are polished; a series of
these machines should be mounted and a travelling
carriage, carrying several blocks of stone at once, made
to traverse on rails beneath the polishing discs. In this
case the discs are mounted on the ends of the vertical
spindles, and the flexible shafts are dispensed with.
Motion can be given to the first dise spindle by a pair of
bevel wheels in the usual way, and communicated to the
other spindles by intermediate toothed gearing.

For polishing small slabs, a variety of hand-rubbers
are 1n use, one of which we illustrate (Fig. 86). The
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polishing material is carried in the chamber formed in
the rubber-block, and is allowed to escape, as required,
through a hole in the front of the block, by touching the
trigger shown in the sketch, which opens and closes a
valve. The polishing pad usually consists of folds of
linen, but in Italy a slab of lead is used instead of linen.
Several patents for marble-polishing machines have been
taken out, including one by Maloy. In this machine the
marble slab is placed on a slide, and polished by means
of an endless belt, which is kept tight by an adjustable
““idler 7 pulley. Amnother plan for grindiug and polishing

I
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marble 1s to mount a long grinding cylinder on a spindle,
and to give it a combined rotary and reciprocating move-
ment, the slab of marble to be acted on being placed on &
table beneath.

In grinding and polishing lithographic stones, a slow
compound angular and reciprocating motion is re-
quired.

ZTURNING LAIHES. II§

CHAPTER XIII.
TURNING LATHES.

MARrBLE, granite, and many kinds of stone can be
turned 1n a lathe with tolerable facility. Stones of a
moderate degree of hardness can be turned by a piece of
square cast steel drawn down to a point. We need
hardly say, however, the steel employed should be of a
high grade. For turning granite, rolling cutters are now
generally employed. These are made of hard cast steel,
and their dead contact being small, the friction or
grinding action on, and consequent wear of, the cutters
15 largely reduced. After the object is roughed out,
the tool marks are removed or ground out, usually with
a series of sandstone, snake stone, pumice stone, and
other materials, which are graduated in fineness, till all
the marks and scratches are obliterated. For polishing
purposes flour of emery, putty powder (white oxide of
tin), and other substances are applied by means of a lap
or a bundle of cloth.

For cutting circular slabs, &c., revolving ecylindrical
cutters of wrought iron, constructed on a similar prineiple
to the crown saw and mounted on a disec, can be used.
This is usually fitted on an adjustable vertical spindle,

somewhat similar to that used in a recessing machine for

working wood. For cutting large circles the cutters can
12
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be mounted at the periphery of a large disc, or at the end
of cross arms.

For turning granite, marble, and very hard stone,
Brunton and Trier’s revolving cutters are the best that
we are acquainted with, as, owing to the great reduction
in friction accruing from their use, the number of revo-
lutions of the stone can be largely increased; conse-
quently, the amount of work turned out is much in excess
of that produced by the ordinary steel tool acting with a
dead pressure on the stone. We believe the first appli-
cation of the principle of revolving cutters was to the
turning of stone, and the cutter being once set in motion
by contact with the stone continued rolling, and being
placed at an angle of about 25° to the axis of the stone
chipped the surface in a spiral line, as the slide rest and
tool holder moved along the bed of the lathe.* It was
found that the concurrent revolutions of the stone and
the cutter reduced the attrition largely, and a considerable
speed of surface rotation was therefore attainable. The
stone, before being placed in the lathe, should be dressed
to a rough octagon shape ; and where taper columns are
produced, the lathe should be fitted with double expand-
ing beds. These revolving cutters are made of steel for
working granite and hard limestone ; but for gritstones,
sandstones, and freestones chilled cast iron answers well.
The steel cutters are made either in the form of flat discs
or cones ; the cast-iron cutters always in the form of
cones. The advantages of the conical form are that the
edge 1s always on the hardened or chilled surface, and, in
the case of cast iron, the rest of the thickness of this
cutter 1s comparatively soft, and therefore more quickly

ground. The diameter of the cutter also is much less -

reduced by wear than is the case with disc cutters. A

_ * I. M. E., January, 1881.
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simple and efficient plan of fixing these cutters on their
chuck-spindle has been devised : a split nut is used, the
conical part of which enters into a corresponding hole in
the cutter. When screwed up, the nut grips tightly the
thread of the spindle.

The advantages claimed by the inventors for this
system of rolling cutters for turning purposes are :—(1)
That the friction between cutter and stone being ab-
sent, no water is necessary to keep the temper of the tool,
thus preventing the effect water has in opening the soft
veins of marble, &c. (2) Absence of dust. (8) Greatly
diminished pressure on the column, even whilst taking
much heavier cuts than is possible with the ordinary tool.
(4) Complete absence of ‘“plucks,” a perfectly regular
and, therefore, quickly polished surface. (5) Granite
columns perfectly round and true, and without holes, as
is often the case in columns masoned by hand. We our-
selves have seen these cutters turning Cornish granite,
marble, &c., and they must, we think, be held to be
a decided step in advance over the old system of stone
turning.

In turning stone it is important that it is truly and
firmly held in the lathe ; for turning the smaller articles
in marble, &c., a chuck, consisting essentially of an en-
larged centring head, 1s often employed ; this receives
and retains the article to be turned. The centring head
is provided with a centring ‘‘ spud,” and an open-ended
adjusting cap, the latter constructed so as to be longitu-
dinally adjustable, and of such form as to securely hold
the article agamnst lateral displacement. The barrel of
the head 1s screw-threaded on its outer surface, and the
cap 1s constructed to hold the article at a point outside
the centring head.
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CHAPTER XIV.

STONE-BREAKING MACHINERY.

ArTHOUGH stonebreakers can hardly be considered to be
stone-working machines, their products are largely used
in roadmaking and similiar contractor’s work, and it may
not be out of place here to notice them briefly.

Machinery for breaking stone possesses an immense
advantage over hand labour, and the stones are more
uniform in size. The stone is usually broken by means
of jaws of chilled cast iron, to which a kind of rocking,
knapping, or reciprocating motion is given. In the best
- types of machines, when road metal or stone is required
broken to a certain size, what are known as cubing jaws
are fitted ; or when a fine material is wanted, the cubing
jaws are replaced by crushing jaws. In addition to
breaking stone, this class of machines may be used with
advantage 1n crushing or breaking hard rocks, ores,
fossils, pyrites, flints, coprolites, limestone, emery,
phosphates, fireclay, coal, and other materials. In some
cases the machine may be employed with advantage in
the quarry itself, the broken material being removed by
means of an elevator. In the earlier forms of crushing

machines the movable crushing jaw, when forced for-

ward, was made to compress a spiral spring imbedded in
indiarubber ; this withdrew the crushing jaw after it
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had completed its stroke. This plan, although acting
tolerably well, consumed a considerable amount of power.
A simpler and better plan for performing the same
operation has, however, latterly been introduced. This
consists of an arrangement of levers which are adjusted
as required. We have recently seen working a multiple-
action stonebreaker, of somewhat novel construction.
In this machine the crushing jaws are divided, either
half being worked by a separate eccentric attached to a
main eccentric shaft, each eccentric operating a separate
connecting-rod and set of toggles ; they are also arranged
to balance each other whilst in motion, thus reducing the
strain on the machine and consequent power required to
drive. One jaw only operates on the stone at the same
time ; but the double connecting-rods employed travel
through twice the space of the single rods employed on
most machines. The crushing jaws are withdrawn after
each stroke by operating one on the other by means
of coupling the rods of the jaws by a cross lever mounted
on a stud at the end of the machine. The main framings
of this machine are of lighter construction than 1s
usually employed, the inventor claiming that, through
the balancing of the moving parts, excess of metal 1s not
required. Another plan recently introduced 1s to arrange
a rocking lever vertically on a fixed centre at its lower
end, the rocking motion necessary for crushing being
obtained by an eccentric operating on the other end.

A movable crushing jaw is arranged on either side of
the lever, and connected with it by loose toggles, kept in
position by an adjustable rod. When m work, the
rocking motion of the lever imparts an alternate motion
to the crushing jaws, and by adjusting the jaws two
different sizes of stone can be broken at the same time.

For crushing road metal, a very simple arrangement—
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and one which does away with the revolving screen
usually employed—is to combine a lever jaw and a chilled
cast-iron roller with corrugations at right angles (Archer’s
patent).

In the construction of stonebreakers, strength, with
simplicity of construction or renewal, are the points to be
aimed at. The cubing or crushing jaws should be made
adjustable and reversible. Chilled cast iron is the best
material to employ; for use in remote districts, loose or
adjustable jaw faces should also be fitted. The shaft
giving motion to the crushing jaws should be of steel, as
frequently a large amount of strain is put on them; and
if not of good material and of considerable strength, they
may be either bent or broken—rather an awkward cir-
cumstance should the nearest engineer’s repairing shop
be some hundreds of miles away. As the friction on
the bearings 1s also great, especial attention should be
given both to their construction and lubrication.

Our illustration, Fig. 87, represents one of Blake’s
patent stonebreakers, by H. R. Marsden. As will be
seen from the illustration, it is of massive construction,
to overcome the great strain and vibration in working.
It 1s fitted with reversible cubing jaws, made in sections
and with faced backs. It is arranged with steel-bar
toggle bearings and improved grooved expanding toggles.
The sizes of the cubes of stone can be readily regulated,
and the jaws set to break as small as the finest gravel if
required. A modification of this machine is also con-
structed for grinding cement, limestone, silica, shale,
flints, &c., to a powder; and by combining an elevating
and sieving apparatus with it, a very considerable degree

of fineness may be obtained. The illustration shows a

side view or elevation (sectional). A is the main frame ;
F is the fly-wheel shaft, which should make about 250
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revolutions per minute, and by means of the belt from
the engine on to pulley O. The larger circle inclosing F
shows the eccentric. H is the connecting-rod, which

rig. 87,

T T

connects the eccentric with the toggle plates, J and K,
which have their bearings forming an elbow or toggle
joint. These bearings, it will be seen, are all removable;
and the same may be said of all the pillows and bearings
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throughout the machine. C is the cutter for taking up
the wear of the pillow or bush in which the eccentric
works in the connecting-rod head; I is the cotter for
keeping securely in their places the bearings of the
toggle plates. B is a false back, accurately planed on the
surface and bedded to the frame. A, C,1, 2, 8 and 4 are
jaw-faces, which are fitted with patent metal strips on
their backs, and thus find a firm and even bed for them-
selves, preventing sudden strains which they necessarily
have to encounter, causing them to break and give way ;
E is the shaft of the spring-jaw, which is cottered to it
and itself rests upon each side of the main frame A ; J is
the key for keeping in position the spring-jaw faces C, 3
and 4; D is the spring-jaw itself; C, 5 is a cheek, of
which there are two, one on each side of the mouth, and
which keep the fixed jaw i1n position and prevent the
stone from wearing into the sides of the main frame; P
is the fly-wheel ; L is the toggle block and wedge. The
toggle block, as will be seen, takes the cushion or bearing
of the toggle plate K, and itself is held in position at one
height, always by means of lugs on each side of the frame ;
whereas the wedge L moves up and down at the will of
the user of the machine, thus reducing or increasing the
opening of the jaw at the bottom, and so regulating the
size of the product. The hook bar underneath the
machine has an indiarubber spring attached to it at the
end, which is compressed by the forward movement of
the jaw, and aids its return. Every revolution of the
eccentric causes the lower end of the spring-jaw D to
advance toward the fixed jaw about 4in. and return;
hence when a stone is dropped in between the jaws, it is

broken by the next succeeding bite ; these fragments then

fall lower down and are broken down, until they are
small enough to fall out at the bottom. The distance
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between the jaws at the bottom limits the size of the
product, and these distances, as before named, can be
regulated at pleasure by turning the screw nut which
raises or lowers the wedge I.. Greater variation may
also be made by substituting the toggle J, another longer
or shorter, extra toggles of different lengths being
furnished for this purpose.
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CHAPTER XV
SLATE-WORKING MACHINERY.

BEeFoRE we notice machines used for quarrying slate,
it would be well to consider briefly the peculiar geologi-
cal features of its formation. It is usually found in
large beds divided by fissures or joints of other sub-
stances ; but it differs from ordinary stones by being
capable of being split into thin sheets or plates. The
direction of these laminae in the slate always lies either
vertically or obliquely to the plane of the bed, and never
parallel with 1t. The object to be borne in mind,
whether quarrying by hand or machine, is how to cut out
or detach suitable blocks of slate with the least amount
of waste and labour.

In quarries where there are many ““faults” or “dykes,”
of greenstone, &c., and where the cleavage is interrupted,
machine quarrying is not very applicable, as the results
obtained are not in proportion to the outlay for machinery,
&c. ; but i large quarries of tolerably uniform strata,
there 1s little doubt a well-constructed machine devoid of
complexity can be worked with very economical results.
There are several varieties of slate found, including
talcous, mica, flinty, and clay. The last is the one chiefly

used; 1t varies considerably, however, in quality in

different districts, but is generally found suitable for
machine conversion in some form or other, except where
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1t is soft or rotten in texture, or where it contains much
felspar or hard rock.

Of late years slate has, in addition to roofing purposes,
been largely employed in the manufacture of mantel-
pleces, billiard tables, cisterns, &e. ; and slate, where the
cleavage is bad, may in many cases be used with advan-
tage for these purposes. After the slate is quarried, if
suitable for roofing or writing slates, it is split and sorted
according to its quality or size. If the block is better
sutted to other purposes, it is converted into suitable
slabs by horizontal reciprocating or circular saws: it is
afterwards faced on a rubbing-bed, and moulded if
required. When the slates are used for roofing purposes,
they are first of all split to the desired thickness by
means of a wedge and mallet, or in some cases by a
machine. This is usually done as soon as the slate
leaves the quarry, as it becomes difficult, and in some
cases 1mpossible, to split the slate into leaves should the
quarry-damp or water be dried out of it through exposure
to the sun and air. A plan often practised to see if a
slate 1s of fine quality is to heat it very hot in a fire and
plunge 1t into cold water : if it will stand the test without
fracture, its quality may generally be relied on. For
squaring the edges of roofing or other slates, machines
are employed, worked either by hand or power. With
the hand-power machine the slate is laid on a table and
trimmed by means of hinged knives worked by levers.
These knives are sometimes made curved ; but, in any
case, whether worked by hand or steam, they should be
arranged so as to give a kind of shearing cut to the
slate, which renders it less liable to break than if the
whole width of the blade acted on the slate at the same
time. In machines worked by power, to prevent the
breakage of the slates, they are usually held between
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spring cushions, which receive the jar or vibration
caused by the knife or knives striking the slate; the
knives in this case are arranged to act after the fashion
of a guillotine. A machine used considerably for dressing
slates in the Welsh quarries is Francis’ patent, known as
the “sword arm,” made by De Winton & Co., Carnarvon.
This consists briefly of an imitation by mechanical means
of the elastic shearing cut of the ordinary dressing tool.
This is accomplished by mounting one end of the ““‘sword
arm ’ upon a rocking shaft moving in suitable bearings.
Elasticity in the cut is obtained by suspending the arm
by a spiral spring at about one-third of its length from
the rocking shaft. Motion 1s given to the arm either by
a foot-treadle movement or other motive power. This
machine is of the simplest construction, and is rapid and
clean in its cutting. At a trial of its capabilities some
time since, a machine worked by a treadle finished 207
slates, of various sizes, of a total superficial area of 858ft.,
in twenty-five minutes, a somewhat remarkable feat.
Another machine for dressing slates, but driven by
steam or other power, is Gream’s Patent. It consists
briefly of a cast-iron frame carrying a spindle, on one end
of which is fitted a fly-wheel and driving pulleys. On
the spindle between the sides of the frame are keyed two
cast-iron rings or hoops, to which are bolted opposite to
each other two curved knives made of steel. These
knives are made to revolve, and when in motion pass
close to a steel cutting edge fixed on the top of the
framing on which the slate to be dressed is held, and the
knife coming round shears it through with a scissors-like
cut. An adjustable fence is fitted for instantaneously
gauging the sizes; at the same time 1t serves as a stop to

hold one cut side against when dressing the next side, thus

insuring the slates to be perfectly square. The driving
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pulleys make about 80 revolutions per minute. It is
important that the fly-wheel, &c., in this machine is
accurately balanced, so that the strokes of the knives are
even and without jump. Should the wheel be out of
balance, and any centrifugal force set up, the slates being
dressed are much more liable to fracture.

Amongst other machines designed for cutting and
trimming the edges of slates, may be mentioned one
introduced at the Maen Offeren slate quarries, Festiniog,
some years since. This consisted of a fly-wheel working
on a horizontal axis, with a number of knives for
trimming the slates fixed at equal distances on the sides
of the wheel; or, if two slate cutters worked at the same
wheel, knives were arranged on the other side of the
wheel in alternate order. The knives were fixed at such
distances from the spokes of the wheel as to admit the
slate being presented to the knife without the projecting
end coming into contact with the spokes of the wheel.
The knives were arranged radially from the axis of
motion, so that the inner end of the knife struck the
slate first. The slate to be cut was rested obliquely on
a cutting edge fixed on the framework of the machine,
and received the revolving knives progressively from its
inner to its outer extremity, it thus giving a shearing
cut.

For edging and trimming slabs of slate, circular sawing
machines of the class already described for sawing stone
are employed, the operations of rubbing, polishing, and
horizontal or straight sawing are also practically the
same. For rounding the edges of slabs, an old machine
known as the ““ridge roll” is still largely employed.

Amongst the most advanced machines for sawing slate
is De Winton’s Patent Hydraulic Feed Circular Saw.
In this machine the spindle carrying the circular saw is
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driven by pulley and belt in the usual manner. The
patent comsists in the arrangement for giving indepen-
dent travel or motion by hydraulic pressure to the table
which carries the slabs or blocks to be sawn. The table
1s connected on its underside by a bracket and nut to the
piston-rod head of an hydraulic cylinder, which is bolted
underneath the table to the framing. A supply pipe
leads to both ends of this cylinder from a valve box,
which is connected with a main pipe having a pressure of
about 60lb. per square inch.

On shifting a slide valve in the valve-box by means of
a lever, the water pressure is admitted to the front or
back end of the cylinder as the case may be, and the
piston is then driven along carrying the table with it.
Whichever end of the eylinder is under pressure the pipe
from the opposite end serves as an exhaust to CAITy away
the water which filled that end of the cylinder at the
previous stroke, and it is by regulating the area of the
exhaust outlet on the valve-box by a screw valve that the
speed of the travelling table is controlled, and can be
varied and regulated as required. A fast or slow move-
ment can thus be given to the table, according to the
thickness or hardness of the slate being cut, and quick
return motion of the table, preparatory to making a fresh
cut, may readily be obtained. The makers claim that a
very small quantity only of water is required to work this
feed, a 8in. main pipe being sufficient to work twelye
pairs of saws. This form of feed motion possesses the
advantage of being very steady and even in its move-
ments, thus preventing the saw from being forced, or the
slate jagged and marked, which is occasionally the case
with chain or rack feed.

So great is the demand for school slates, which are
made from a slate of a fine and soft quality, that a variety
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of very ingenious machines have been invented, with the
object of lessening the cost of their manufacture. One
of these is a modification of a planing machine for wood,
adapted for planing and dressing the slate frames. The
frames are fed forward through the machine and brought
under the action of horizontal and vertical cutters, which
plane the sides and edges and round off the corners.
One machine for grinding and polishing school slates,
used considerably in America, possesses some novel
features of arrangement, which may be described as
follows :—The slates are supported on carriages mounted
on wheels or rollers. These carriages are connected by
arms with a vertical shaft, by which they are caused to
move slowly round in a circular track, arranged with a
series of inclines. The distance apart of the correspond-
ing parts of each similar incline is exactly equal to that
between the front and hind wheels of the carriage, which
1s thus caused to remain perfectly level, as it rises to

- present the surface of the slate to the grindstones, which

are arranged above them, and falls during its forward
movement. ‘The manufacture of slate pencils possesses
also some features of interest. Knight briefly describes
one process as follows :—The slate is first split into slabs
1in. to 2in. thick, which are then sawn into blocks 6in.
to 7in. long, and 4in. or 5in. wide. With a thin blade of
steel and a hammer these are split into plates about one-
third of an inch thick, which are next passed between two
flat-edged knives to plane them. The plate is then fed
to a machine, in which it is passed successively beneath
a series of grooved cutters, each of which cuts a row of
deeper incisions into the slab, until, on emerging from
the machine, its upper side is covered with convex
flutings, the channels between which penetrate half

through the stone. It is then transferred to a second
K
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machine, where its other side is subjected to the action
of a series of similar cutters, by which the pencils are
completely rounded and separated from each other. They
are next sawed to uniform lengths, the sizes varying from
8lin. to 6in., and, finally, pointed on a grindstone. In
some cases they are afterwards painted.

The dust and waste, which is said to amount to 90 per
cent. of the original material, is utilised by grinding to
an impalpable powder, which is used for mixing with
‘paper-pulp to give it body and enable it to receive a
satin surface. As the stone contains over 30 per cent.
of alumina, the refuse is also available for the manufac-
ture of alum.

Slate pencils are also made from quarry waste; the
process of manufacture may be thus described :—Broken
slate from the quarries is put into a mortar driven by
steam, and pounded into small particles. Thence it goes
into the hopper of a mill, which runs it into a bolting
machine, such as is used in flour mills, where it 1s
bolted, the fine, almost impalpable flour that results
being taken into a mixing tub, where a small quantity
of steatite flour, manufactured in a similar manner, 1s
added, and the whole is then made into a stiff dough.
This dough is thoroughly kneaded by passing it several
times between iron rollers. Thence it is carried to a
table where it is made into charges—that 1s, short
cylinders, four or five inches thick, and containing from
eight to ten pounds each. Four of these are placed in a
strong iron chamber, or retort with a changeable nozzle,
so as to regulate the size of the pencil, and subjected to
severe hydraulic pressure, under which the combination
is pushed through the nozzle, in a long cord, like a

slender snake sliding out of a hole, and passes over a
sloping table, slit at right angles with the cords to give
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passage, with a knife which cuts them into lengths.
They are then laid on boards to dry, and after a few
hours are removed to sheets of corrugated zine, the
corljugations serving to prevent the pencils from warping
during the process of baking, to which they are next
§ubjected i a kiln, into which superheated steam is
mtroduced in pipes, the temperature being regulated
according to the requirements of the articles exposed
to .its influence. From the kiln the articles go to the
finishing and packing room, where the ends are thrust
for a second under rapidly-revolving emery wheels, and
withdrawn neatly and smoothly pointed réady for use.
They are then packed in pasteboard boxes, each con-
taining 100 pencils, and these boxes in turn are packed
for shipment in wooden boxes containing 100 each, or
10,000 pencils in a shipping box.

In planing slate, a modification of the ordinary planing
machine for iron is usually employed. In lieu of the
ordinary tool for cutting iron a wide sheet-steel cutter is
used ; this is mounted in an adjustable slide and used in
the ordinary way, the slate to be planed being traversed
to and fro beneath it.

For holing slates, a machine, arranged with one or
more punches, 1s used. These are usually brought down
to the slates by a lever acting directly on to a quick-
threaded screw, or by a lever acting on a horizontal
spindle, mounted in a slide, and carrying two pairs of
bevel wheels and pinions acting on screws, which give a
combined rotary and downward motion to the punches or

drills.

Many attempts, more or less successful, have been
made to cut out slate, stone, or marble from its natural
position in the quarry or mountain. One of the latest is
that of Mr. George Hunter, who has recently (1882)

K2
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patented 1mprovements in machinery for tunnelling and
quarrying slate, and the methods of employing it, so as
to quarry slate cheaply and rapidly, and obtain it in
pieces of form and size suitable for being worked into
commercial slates or slabs.

In constructing the tunnelling machine, the inventor
employs as framing two three-armed end frames,
connected together by a central tube. The arms of the
frames are provided at their ends with setting screws,
which can be screwed against the interior surface of the
part of the tunnel already bored, so as to secure the
machine firmly in position. Two of the arms of each
end frame, which extend obliquely downwards, have
mounted on them wheels or rollers, on which the
machine can be run along the floor of the tunnel, when
the setting screws are released. Through the central
tube passes a strong shaft, which carries at its end a two-
armed boring head, each arm having at its outer end a
circularly-curved plate, at the front edge of which are
fixed the cutters. The shaft is caused to revolve slowly
by a worm working a worm wheel on the shaft, the worm
being itself on a cross shaft mounted in bearings in the
upper part of the frame. This cross shaft, or a shaft
geared to it or connected to it by a strap, may be drive.n
by bands from a distant motor, or by a compressed-air
engine mounted on the framing of the machine. By the
arrangement of three-armed framing having the lower
arms spreading out, and having all the gearing above the
central shaft, the inventor claims that great convenience
is secured for the removal of the core of the boring after
it 18 detached from the rock. For feeding the boring
head onwards, the inventor applies at the rear end of the

central shaft a screw, driven at a differential speed or

kept at rest while the shaft revolves; gearing is arranged
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to reverse this screw so as to withdraw the boring head
rapidly when it has cut its full length.

The undercutting machine is arranged so that it can
cut either above or below, or both above and below, the
mass of rock to be removed. For this purpose a vertical
shaft is mounted in a framing, and caused to revolve by
worm gearing, which may be worked in a similar manner
to the tunnelling machine already described.

This vertical shaft has at either of its ends, or at both
ends, a revolving saw armed with cutters at its edge,
either saw being removable and capable of being slid
along the shaft, so that the distance between the saws
when both are used can be varied as required.

The frame is fitted to slide along two horizontal bars
secured to girders, which are fixed in the working, and a
feed-screw is provided to cause it to slide slowly along
the bars, according as the cut affected by the saw
advances. The frame is arranged so that the bars can
be inclined, and the inventor thus inclines them for
beginning the cut, the saw entering the rock obliquely
from a part already opened until it has descended in an
inclined line to the required depth, whereupon the bars
can be set level, and the cut continued in a horizontal
direction. When the saw-shaft and gear have travelled
along the bars to their end, the screws that fix the
framing are released, and while the saws remain sta-
tionary in the rock, the framing is advanced its own
length, and when it is fixed again the cut is continued.,
By arranging the lines of the cut so as to cross the
cleavage of the slate, blocks can readily be separated by
the chisel from the body of the rock; and when two saws
are employed together, or when one saw is employed
under a floor already laid bare, it is advantageous to
make the space between the saws or the depth of cut
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under the floor correspond with a dimension of commer-
cial slates or slabs, so that the blocks separated can be
cleft without material waste.

In cases where a floor is already cleared, the saw
spindle may be driven by a wheel of considerable size, as
it may partly extend over the cleared floor while the saw
1s cutting at the desired depth below the floor. The
tunnelling machine can be used to drive a boring into
the body of the slate, and then, after clearing a space, it
can be turned into an attitude to drive other borings at
angles to this, so as to suit the character of the stratifica-
tion, and the saws can then be employed to cut into the
exposed faces, leaving pillars, where necessary, to
support the roof. Sometimes, in order to separate a
mass along which saw cuts have been run, the inventor
employs the following method :—A bar, made in halves,
has each half hollowed, so that when the two halves are
put together they make an internal cavity, or hollow;
this hollow 1s charged with explosive, and the bar
inserted along the bottom of the saw-cut, so that when
the explosive is fired the mass receives from the explosion
a blow which separates it from the body of the rock.
The general arrangement of Mr. Hunter’s machine is
ingenious and practical, and as slate quarries become
exhausted and the necessity for the more economical
working of those remaining are essential, this and
kindred machines should, and probably will, be more
largely introduced, as there can be but little doubt that
the greater proportion of the quarries are at present
worked In an extremely wasteful manner. At the same
time, by means of a well-arranged quarrying machine the
slate or stone can be got in a much cleaner and more

marketable form, thus increasing its value in the rough,

and it subsequently requires less dressing.
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CHAPTER XYVI.
MISCELLANEOUS MACHINERY FOR WORKING STONE.

A CONSIDERABLE variety of special or miscellaneous
machines for working stone have been constructed to
suit the special requirements of a business or process.
Amongst sawing machines may be mentioned an endless
band rope arrangement, The rope is of steel, and passes
over pulleys ; it has a vertical motion, and combined with
1t a twisting one, which allows the strands of steel wire
to cut their way into soft stone, it is said with consi-
derable speed.

Amongst other machines, Mr. Hunter, senr., invented
a chairing and boring machine for railway blocks ; this
was employed for facing the seat for the chair and boring
the trenail holes.

Amongst quarrying machines may be mentioned one of
American origin, especially adapted for cutting marble.
In this machine a chain saw, armed with diamonds, is
used. The diamonds are held in split screw bolts or
clamps, which are tapered and forced into tapering
cavities, causing them to contract upon the diamonds.
The diamonds are applied on the edge of a rotating disec
or the links of an endless chain, and the supporting
standard of the disc or chain is so connected to the driv-
ing mechanism that it may be fed in either direction. A
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small steam engine is mounted on a travelling carriage,
and, fitted with suitable intermediate gear, gives motion
to the chain ; and arrangements are made to feed the saw
to its work and vary the direction of the cut as may be
required.

A variety of machines for dressing mill-stones are in
use ; in one of these diamond points, mounted on discs,
are used. The discs are made to revolve rapidly, and, the
diamonds being brought into contact with the face of the
stone, parallel grooves are cut in a similar manner to
hand tooling. A guide bar is fitted so that the stone may
be dressed right or left handed as may be desired. In
another machine, the radial grooves in the stone are cut
by means of a tool raised and dropped by a cam and
advanced automatically along a radial arm attached
to a central axis. In a hand machine, we believe of
American origin, a number of pick plates of tempered
steel are held in a hollow sliding block arranged with a
vertical motion. A cap fits over the top of the pick plates,
and is bolted to the hollow block; this cap is struck by
the workman with a mallet, and the picks are forced into
the stone. The bed of the apparatus is placed on the
face of a mill-stone, and the hollow block 1s arranged to
slide transversely in guides as well as vertically.

For quarrying purposes rock drills are employed
largely ; these are worked by steam or compressed air,
and effect an immense saving, especially with very hard
stone or granite.

For drilling a series of holes in a straight line by hand
or power, the drills are usually raised and dropped by a
series of cams, mounted spirally on a horizontal shaft.
For cutting out holes in quarried stones, hollow cylinders
of sheet iron are often employed ; these are fitted to a cast-
iron disc or tool-holder, which is screwed to the bottom

F st ot
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- surface, rubbing stones are em-
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of a drill spindle; this can be raised and lowered or
advanced and retired at will, and according to the nature
of the stone being worked. Notches are made in the
lower edge of the cutter to admit

the sand and water necessary for z—g
cutting (see Fig. 88). / \
For trueing the face and fur- i )

rows of mill-stones, &e., and
cutting down irregularities of

ployed. These are made of a
composition in which carbonate, FIG. 38,

bort or diamond dust are used ;

the composition is usually moulded in the shape of a
brick, which is fitted into a frame and rubbed over the
surface of the stone to be cut by hand.

Amongst miscellaneous stone-working machines we
must not forget to mention a very useful little apparatus
for dressing up grindstones (Brunton’s patent). This
consists briefly of a slide-rest, which is bolted to the
grindstone trough in such a position that the centre line
of the tool spindle 1s in line with the centre of the grind-
stone spindle. The cutting is performed by means of a
revolving disc of chilled cast iron or steel, as already de-
scribed. In this case the cutting tool is set in motion by
the revolution of the grindstone itself, against which it
bears.
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CIAPTER XVII.
CUTTING TOOLS.

Mucu has been written with reference to the forging
and tempering of tools for cutting iron, wood, and other
materials ; but, so far as we are aware, nothing as regards
tools for working stone. We need hardly say that, in the
first instance, the steel employed should be of the highest
possible quality, combining in its nature, as far as pos-
sible, toughness with hardness. Where sheet steel 1s
used for scraping cutters, as in moulding machines, we
prefer to use wrought-iron cutters, faced with steel, in-
stead of solid steel, as they are easier to make and less
liable to fracture, either when being hardened or when in
work.

If chilled cast iron is used it should be of good quality,
and not too short in the grain. In forging or hardening
tools, it is important that they should be heated as evenly
as possible. If one part of the tool is made thinner than
the other, care must be taken that the thin part does
not heat more rapidly than the rest, or 1t may become
““burnt,” or break off at the nose or cutting edge whilst
in work. In heating the tools for tempering, they should
- be repeatedly turned over in the fire, and withdrawn from
it now and then. In the case of moulding cutters, if the
cutting edge is heating too rapidly, it should be pushed
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through the fire into cooler coals. The cutting or scrap-
ing edge should be well supported at the back by iron,
which should not be ground to an acute angle, as is the
custom with moulding and planing irons for working
wood. If a number of tools or cutters are employed on
the same machine, great care must be exercised in tem-
pering as nearly alike as possible. This is a matter of
great difficulty, and, as we have elsewhere pointed out, is
the chief drawback to the use of this class of machines.
Owing to the varied nature of the material operated on,
no arbitrary rules as to tempering the tools of stone-
working machines can be laid down. This can
only be determined after trying both the stone and the
steel, and must, therefore, be left to the experience of the
workman. Speaking generally, for scraping and thin
steel cutters, a light straw colour is usually suitable for
stones of a moderate degree of hardness. Where the
tools are stouter and the cutting edge more obtuse, the
temper should be slightly harder in proportion.

It is important, in tempering any kind of tools or
cutters, that there is a gradual shading of colour in the
temper. If there is a distinct line between two colours
towards the edge of the cutter, it will probably chip or
break at this line. The point to aim at is to have the
edge of the cutter tolerably hard, and this hardness to be
gradually reduced the farther you go from the cutting
edge, and the softer metal at the back will be found to
strengthen and support it. In working stone, tools of
extreme hardness are not always necessary or advisable,
as with some kinds of stone the cutting edges will readily
break or cruinble away.

In machines where solid bars of steel are used, a tem-
per colour of a deep blue, slightly tinged with violet, will
with most stones be found suitable; the nature of the
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steel used must, however, be borne in mind, as some
steels require greater or less hardening than others.
The degrees of temperature necessary to effect the
practical colour on hardened steel for the various pur-
poses to which edge tools are applied are given by
Templeton as follows : Chipping chisels, planing irons,
hatchets, &c., and other percussive tools, 500° to 520°,
light straw colour, a brown yellow or yellow slightly
tinged with purple ; do. 530°, light purple ; springs 550°,
dark purple, do. 570°, dark blue. As the colours appear
and change colour slowly, ample time is afforded to see
when the exact shade of colour has arrived, when the tool
should be at once dipped and withdrawn several times—
should boiled water be used for hardening—as this has a
greater tendency to toughen the steel, than if it is plunged
mto the water and allowed to remain there till quite ¢old.
We can strongly recommend the following method for
hardening cast-steel tools: Take four parts of powdered
yellow resin and two parts of train oil and carefully mix
them, and add one part of heated tallow. The object to
be hardened is dipped into this mixture red hot, and is
allowed to remain in it until it is quite cold. Without
having previously cleaned it, the steel is again put into
the fire and is then cooled in boiled water in the ordinary
way. After a little experience the eye of the workman
will readily detect the exact shade of colour best suited to
the steel and the stone he is working, and should he try
the above process he will find the edges of tools thus
hardened wear excellently. With some grades of steel
salt water has been found to make an excellent hardening
'mixture.

It must be admitted there is a considerable amount of
art in tempering steel tools properly, as owing to the
varying amount of carbon contained in different samples
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of steel, the amount of tempering required varies accord-
ingly, and the exact temper necessary can only be ascer-
tained by one or more trials. It should be borne in
mind that steel known as high-tempered steel is that
contamning a large amount of carbon, and low-tempered
that containing little ; but as there are numerous grada-
tions between high and low tempered, so will the points
at which tempering should cease vary accordingly ; the
folly, therefore, of treating all kinds of steel alike, which
1s sometimes done by the workman, will be at once
apparent.

It may be taken as a rule that if it is necessary to heat
steel so hot that when it is annealed it appears coarser
in the grain than the bar from which it was cut, 1t may
safely be concluded that the steel is of too low a temper
for the required work, and a steel of a higher temper
should be selected. A steel tool, when properly tempered
and suited to the work in hand, should always be of a
finer grain than the bar from which it was cut. We need
hardly say that the action of tempering should be gradual,
as the steel becomes toughened and less liable to fracture
by slow heating and gradual softening, than if the process
1s performed abruptly. The steel being, of course, in
the first instance, hardened, or made of a considerably
higher temper than is necessary for the work it has to dc;,
when the proper heat has been reached, the tool should
be removed from the fire, and not allowed to * soak
with the blast off, as is sometimes done.

If the steel should crack with a moderate degree of
heat, it probably contains too much carbon, or is of too
high a temper for the purpose required. Try, therefore,
a lower steel—i.e., one containing less carbon, which will
probably be found to be what is required. In ordering
steel from the malker, always say exactly for what purpose
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it is required, as he will then be able to send a steel
which he considers best suited to the requirements of
each individual case. In many cases steel has been
rejected as bad, when it has been of first-rate quality, but
its temper, or the amount of carbon it contained, rendered
it unsuitable to the work in hand. It may be taken as
a general rule that steel of a high temper should be
annealed at a low heat, 1n some cases even dark red will
be suitable. We need hardly say nothing is so dear as
“¢ cheap ’ steel for tools, as, after putting a considerable
amount of labour into it, it 1s soon thrown away by the
steel rapidly wearing away, especially if it is operating on
difficult materials like some kinds of stone. For welding
cast steel, the following composition is effective : Boil
together borax 16 parts, sal-ammoniac 1 part, over a slow
fire ; when cold, grind into a powder; and use the same
as sand. Bear in mind in forging, welding, or tempering
steel tools, that an excess of heat over what is absolutely
necessary is detrimental, as 1t opens and makes the grain
of the steel coarse ; also that the steel should be heated
as regularly as possible, as irregular heating causes frac-
tures, and wrregular gramn and strength. If a tough
temper is required, the cooling or letting down should be
as slow as possible. |

In tempering tools, where many are employed, a frame
with holes in it to equalise the distance tempered may be
used. This i1s fitted in the hardening tank, and allows
the tools to drop any desired distance into the water or
tempering mixture.

As regards the shape of the tools for dressing stone,
we have already spoken ; but if a machine similar to an
ordinary planing machine for iron be employed, in which
the tool-box is stationary, and a point tool used, it will
be found well—at any rate with stone of a moderate
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degree of hardness, and where tolerable finish is required
—to make the cutting point of the tool as nearly on the
moving plane of the work as possible. The best cutting
angle for all kinds of stone will generally be found between
45" and 90°. The heel of the tool should only be raised
slightly above the front or cutting edge. As much metal
as possible should be left to support the cutting point,
allowing only sufficient clearance to give a proper angle
to the cutting edge; it will be found necessary to vary
this angle somewhat, according to the nature of the stone
being worked. If the tool, when in work, is found to
spring much, or dig into the work, it will require, in the
first place, strengthening, and the cutting angle will
require modification ; at the same time, if too great a cut
1s taken, the tool will have a tendency to dig into the
stone. It will—as with some tools for cutting iron—
with difficult stones, be in some cases advisable to make
the tool so that the cutting edge is behind the fulerum or
point of support, and should any very hard spots be found
in the stone, such as crystalline or fossil deposits, it will,
as a rule, yleld to them instead of breaking. With stones
easy to work, double-nosed tools may be used, the tool
box and speed of the travelling table carrying the stone
peing so arranged that a cut may be taken during both
the back and forward traverse of the table. The width
of the cutting tool may be varied according to the nature
of the stone. The easier the stone, the wider the tool ;
but for a roughing cut, where much stone has to be
removed, it should not exceed about gin.

In those stone-dressing machines in which the cutters
are reversed so that each edge of the tool is brought into
contact with the stone, comparatively little sharpening is
required, as the rubbing action of the stone itself is found
to keep the edge of the tool in tolerable condition. In
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machines in which the tools are fixtures, or are mnon-
reversible, the condition of their cutting edges should be
carefully attended to. In stone-converting works of large
size 1t will be found well to appoint an intelligent man to
sharpen and look after the whole of the tools, and if he
can forge and temper them as well, so much the better,
as he will by experience be able to secure what is a matter
of great importance—i.e., a tolerably uniform temper,
and one suited to the stone being worked. IFor grinding,
an ordinary Newcastle grindstone with Water-of-Ayr stone
attached, will be found suitable. It will be better to
sharpen moulding irons by grinding than by filing, as the
process of softening the steel and re-hardening is at the
best uncertain, and the quality of the steel is certainly
not improved.* For grinding moulding irons some half-
dozen Bilston grindstones about 14in. diam., and of
thicknesses varying from lin. to 2iin., are generally
employed. These are mounted on a spindle fitted in a
cast-iron trough supplied with water. The stones are
turned up to suit the shapes of the moulding irons most
commonly in use.

For grinding down and shaping moulding irons the
emery wheel will be found much more rapid and economi-
cal than either files or grindstone ; prejudice, and the
introduction of emery discs of an inferior quality have,
however, in a measure retarded their general use. If an
emery disc of a good quality is used, and a fair trial given
to it, it will, we feel sure, be found a most labour-saving
and valuable implement. KEmery wheels should not be
used for putting a finishing edge on irons, but for reducing
the back of the cutting edge and the iron generally to the
desired profile. If much steel has to be ground away it

- * See ‘““Saw Mills: Their Arrangement and Management,” by M.
Powis Bale,
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will be found better to go over the iron two or three
times, than to put too great a pressure on the wheel, as
the iron will become of a dark blue colour, and hard and
liable to crumble away at the edge when in work. In
working emery wheels, for whatever purpose they are
employed, great care should be taken that they are run
at a correct speed; for general purposes a speed at the
periphery of 4,500ft. to 6,000ft. per minute, but not above,
will be found suitable. If emery wheels are run too fast
they may fly to pieces, and if too slow they will not cut
properly. In selecting a steel for stone-working tools do
not choose one too short in the grain ; as we have before
remarked, one combining a certain amount of toughness
with hardness will, as a rule, be found most suitable.
Some steels will stand almost a white heat and yet temper
well, whilst others have to be worked at a low red heat,
S0 no arbitrary rules as to tempering colours can be made :
1t simply resolves itself into a matter of actual practical
experience. When a steel suitable for working the stone
in hand has been found, stick to it, and do not keep
constantly changing.

For planing stone by fixed tools, either solid bars of
steel are forged to the desired cutting shape, hardened
and tempered, and mounted in a tool box, or, more
recently, in lieu of bars, small pieces of steel mounted in
tool holders, have been employed with advantage. The
tool holders are of wrought iron, and the cutting tool
is held in position by means of set screws, wedges, dove-
tail grooves, or other similar plans. In some planing
machines steel of tapered section is employed, and this
can be used without much forging ; the desired cutting
angle for stone being obtained by grinding. Bars of steel
of a trapezoidal section—that is, the one edge of the bar
1s somewhat wider than the other edge—are also used for

L
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tools for moulding and planing usually in machines
arranged with a vertical cutter barrel. One en.d of .the
steel bar is ground obliquely, so that the bar at 11.:s wider
edge stands somewhat further forward than at its back
edge, the front wide edge forming the cutting edge of t}}e
tool. With some kinds of stone the end of the tool is
ground square, and set a little obliquely in its rest. .As
we have elsewhere remarked, we prefer a system of rolling
cutters for dressing stone, to a plane surface; we shall
not notice at length, therefore, this form of machine tools,
which are nearly allied to those used for iron planing.
Whatever tools are employed, care should be taken that
they are of sufficient strength and sufﬁci(?ntly self-sup-
ported, that they do not spring whilst working. :
When, by experiment, the best form for the cutj;mg
angle and clearance angles of tools for dressing various
stones has been ascertained, it is of great importance that
a registry of them be kept, and care taken that they are
exactly adhered to in all tools used for that class of stone.
This can be secured by adopting a mechanical system of
re-grinding, and by making sets of sheet-steel standard
angle gauges, to which the various tools can be ground.
The rule of thumb should in all cases be avoided, as no
matter how carefully carried out, where several cutters
are employed a certain amount of irregularity must exist,
the result being the stone requires an extra amount of
finishing on the rubbing-table, when rubbed faces. are
required. A graduated adjustable slide-rest should in all
cases be fitted to the grindstone, as it is impossible to
secure accuracy by means of hand-grinding, and as we
have elsewhere remarked, it will pay well to have one
man especially to keep the cutting tools in orderz and
from experience he will soon learn exactly what is re-
quired, and be able to judge from the nature of the stone
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what width of cut may be safely taken. Where possible
with easy working stones, we recommend broad cuts, at
any rate for finishing purposes, say up to 14 wide, as a
more accurate surface is obtained, and a considerable
saving in time effected.

If ordinary straight tools are employed for planing or
turning they will occasionally be found to spring and dig
into the work, especially if a deep cut be taken ; this can
generally be remedied by either cranking the cutting end
of the tool or increasing its section ; 1f the tool is strong
this cranking may be done by grinding a hollow in the
top side of the bar near the end. Thus, when in work,
the tool having a certain amount of pliability, if it springs
at all 1t will spring outwards, and not dig into and score
the work. Tt is very important that the cutting angle of
the tool be suited to the stone being turned, and when
this 1s found it will in the end be the most economical to
use steel of a section sufficiently strong to prevent its
springing appreciably in either direction. If a short
cutting tool and a tool holder be employed, the former
should be strongly supported.

One of the best and simplest forms of tool holders for
turning lathes with which we are acquainted is that of

th

FI1G. 39,

Messrs. Smith and Coventry, which we illustrate by Fig.
39. Aswill be seen from the sketch, the tool holder is of
L 2
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square section with a boss forged on its front end. A bolt
passes through this boss; through the centre of the bolt
immediately above its head, which 1s placed below the
boss, is cut a vertical rectangular slot, and through this
is passed a piece of steel of taper section, which performs
the cutting. The tool is held in position by being fitted
into slots cut into the upper face of the head of the bolt,
and in a thick washer placed above the cutting tool and
immediately below the boss of the tool holder. These
slots are cut so that the steel tool stands with its upper
face inclined to the horizontal, and gives the usual
amount of top rake required. The nose of the tool can
be ground to any desired shape, and the tool can be
swivelled to any horizontal angle with the axis of the
work, whilst the tool holder itself always remains per-
pendicular to that axis. One of the advantages claimed
for this tool holder is that the cutting tool can be
instantly set to any desired horizontal inclination,
according to the shape of the work being turned. The
shape of the cutting tool allows it to be ground to any
desired rake, and gives it stiffness in working. With refer-
ence to the circular cutters already noticed, for hard lime-
stone steel is necessary, but for gritstones, sandstones,
and freestones, chilled cast-iron answers well, as 1t 1s as
hard as steel and very inexpensive. The steel cutters are
made in the form of flat discs or cones, but the cast-iron
cutters always in the form of cones.

In practice, where a tolerable thickness of stone has to
be removed, say, about lin. in depth, it will be found
preferable to take two cuts instead of one, as with some
classes of soft stone the cutting tool will be found to dig
downwards and ¢ pluck” the stone. This, however, 1s
more particularly the case with straight steel tools; at
the same time the friction on the tool is largely increased.
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CHAPTER XVIII.

NOTES ON MANAGEMENT OF A STONE WORKS.

. Ixn 1';h(? management of the yard or mill for stone conver-
s1om, 1t 18 1mportant that ample appliances for Iifting and
transporting the stone are to hand. In a large works a
steam overhead travelling crane can be used with advan-
tage for lifting up to, say, 20 tons. The frames and
cross.beams may be made of oak or pitch pine, but for
heavier weights iron girders should be used. A very
steady traverse of the crane may be obtained by using
worm and worm-wheel gearing from the engine crank-
shaft, working spur and bevel gear fitted to the wheel of
the travelling carriage. The hoisting gear should be
arranged with single and double purchase. The different
transverse motions should be arranged to work either
separately or simultaneously. A capstan or warping
drum can be fitted with advantage to the framework of the
crane, and utilised for bringing the stone trucks into
position for unloading. This capstan should be arranged
to drive independently of the travelling wheels.

In establishments of moderate dimensions a hand-
power overhead travelling crane may be sufficient. It will
be found most convenient to work the lifting, transverse,
and longitudinal travelling motions from below. To pre-
vent accidents a powerful brake and catch arrangement
should, in all cases, be fitted. The works should be
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amply provided with crab winches fitted with brake, pulley
blocks, stone bogies, stone shears, chain slings, louises,
and several sets of masons’ and quarrying tools. In
lifting from quarries of considerable depth, perhaps the
best plan is to use steel wire rope arranged to pass from
the crane to a winding barrel. The necessary gearmg
can be fitted to a crane in any suitable postion. This
plan will be found simple and expeditious, or strong
timber stages fitted with travelling frames may be used ;
in this case upon the travelling frames powerful travers-
ing crabs are employed. These should, in all cases, be
fitted with double purchase gearing and powerful brakes,
and best tested lifting chains. The spindles should be
bushed with gun-metal or phosphor bronze.

In establishments where many moulded or plain bevelled
surfaces are produced, it is important that the travelling
table carrying the stone, or a cradle mounted on it, are
capable of adjustment laterally to various degrees of
inclination, so that the stone can have its edge or face
inclined, according to the angle or pattern of the mould-
ing to be cut on it.

In a stone-converting, as in all other works, manual
labour should be reduced to the lowest limits by the
introduction of all kinds of labour-saving appliances, and
by having the building or yard, and its arrangements, well
suited to the work to be performed. The division-of-
labour system should, as far as possible, be carried out;
when a steady and uniform business is in vogue, this 1s
particularly to be recommended, as it will be found that
the workman, by constant repetition of the same work,

will increase the output of his machine 15 or 20 per cent.*
As regards the labour employed, the highly-skilled and,

* Qoo ““Saw Mills: Their Arrangement and Management,” by M.
Powis Bale.
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consequently, the highly-paid workman is, as a rule, the
cheapest ; the first difference in cost being soon counter-
balanced by an increased output from the machine and a
better average quality. We are strongly in favour of
plecework where it can be managed; it also has the
additional advantage of offering a premium to the operator
for keeping his machine and tools in-constant use and in
the highest state of efficiency. Accuracy of workman-
ship should in all cases be insisted on. If a number of
dressing tools are employed on one machine, care should
be taken that they are all ground to the same angle, and
tempered as nearly alike as possible.

We need hardly say it should be the aim of the manage-
ment to waste as little stone as possible ; all blocks should
therefore be carefully inspected and measured, so as to
work them up to the best advantage. The cost price of
work should be constantly taken out, and it is advisable
that the workmen should in all cases book their time on,
all the work they are employed on without exception;
although m some cases this may not be altogether
necessary, it acts as a check on day workmen if they
understand their time 1s likely to be dissected. All stores
should be charged against each machine, and it will be
tound well to give each a number.

It is important that a thoroughly good works foreman
be employed—a man who knows what to do and how to
do 1it—and we are in favour of allowing a foreman, in
addition to his weekly wages, a small bonus or commission
on results above a certain point.

Owing to the dust floating about a stone-works, especial
care must be taken that the various bearings are well
lubricated and protected. As regards a lubricant, we can
from experience recommend either of the following mix-
tures : Good lard oil, 75 parts; plumbago, or sulphur
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powdered very fine, 25 parts. If the spindles are light, the
amount of plumbago may be reduced; should they be
heavy, running at a low speed, and subject to constant
and great pressure or strain, the plumbago may be
increased with advantage up to 40 parts. Oils containing
acids or alkalies and low grades of mineral oils, should in
all cases be avoided, as they are acrid in their nature, and
their oleaginous properties are small. Amongst the fatty
lubricants, sperm oil, lard oil, and Russian tallow, hold
the foremost rank, and if they are carefully used they will
last much longer than oils of low grades, and the bearings
also will keep in better condition, as thin poor oils are
rapidly absorbed or expelled.

The shafting employed should be carefully arranged
and fitted, and short centres should be avoided. Where
large power 1s transmitted from a pulley, a bearing should
be placed on either side of it. The plummer blocks used
should be adjustable ; the best with which we are ac-
quainted is made on the principle of the universal or ball
and socket joint. The advantage of this plan is that, in
whatever direction the shaft may incline, there is an
equal wear or strain upon the whole surface of the bear-
ing, and should the plummer blocks be set somewhat out
of truth, the ball and socket joint allows the bear-
ings to adjust themselves in line. As we have before
remarked, we prefer the shafting to be mounted on
standards and fixed underground, as it is easily got at and
1s out of the way.

All driving belts should be kept pliable. Tight belts
should be avoided. If more driving power is required,
increase the width of the belt. An application of Tanner’s
~ dubbin for leather and linseed oil varnish for cotton
driving belts will make them pliable and increase their
driving power. Belts should be kept free from moisture.
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Wherever possible, the machinery should be so planned
that the belts never have to run in a vertical line. Avoid
the use of resin and other mixtures sold to increase the
grip of the belt, as in most, if not all, cases they act in-
juriously on the leather.

A mixture of mutton fat and beeswax will be found a
capital dressing, and will not injure the leather. Castor
oil is also an excellent dressing for belts; it should be
mixed in equal proportions with tallow or oil.

Profile templates of the various stone mouldings
generally in use should be made.

In managing a stone or any other works economically
1t is important, if steam power is used, that the steam is
not wasted. This can, in a measure, be guarded against
by the employment of an engine fitted with an automatic
expansion slide, which regulates the consumption of the
steam to the power required to drive the machines
actually in motion. The draught to the boiler should be
regulated by a damper; this, if possible, should be
arranged to work by steam automatically, as it requires
no attention, and is regular in its action, and effects a con-
siderable saving over the old form of slide-damper worked
by hand, as its regular working is often neglected by the
fireman in charge. A steam-damper can be arranged to
act at any desired pressure of steam ; and, as the fire js
automatically damped when that pressure is reached, a
very considerable saving in fuel is thus effected. A feed-
water heater should also be employed—if in combination
with a filter so much the better. If the water contains
won or acid sulphates it must be purified and softened
before use.

As we have elsewhere remarked, it is of much import-
ance to the health of the workman that the stone dust 18
kept down as much as possible, by being damped and
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cleared away at stated intervals, which can be judged from
the nature of the stone, some making much more dust
than others. As illustrating the injurious effects of stone
dust, Wiseman, in his book on Surgery, relates a case in
which a stone-cutter’s man had the vesicule of his lungs
so stuffed with dust that, in cutting, the knife went as if
through a heap of sand.

It is important that where stone has to resist the effects
of the atmosphere, or to be polished, that its surtace
should be dressed true and be ‘‘unstunned.” If the
machine therefore that is employed to dress it, leaves the
stone with an irregular ‘“ plucked ” face 1t may be con-
cluded, that either the type of the machine employed 1s
unsuited to the stone or the stone is not suitable for
machine conversion. As regards the best types of
machines, speaking generally, for dressing and planing,
especially for the harder classes of stone, we are in favour
of the use of revolving chucks and cutters, and for
moulding purposes, a combination of revolving roughing
and stationary scraping cutters.
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CHAPTER XIX.

STONE-WORKING—HAND LABOUR VERSUS MACHINERY.

ArtHOUGH there is little doubt that machinery has a
vast economical advantage over hand labour in the con-
version of stone, it is—owing to the varying nature of the
work and prices paid—a somewhat difficult task to com-
pare the two systems by absolute figures. In calculating
and comparing the cost of machine and hand labour on
the one hand, we must take the cost of steam power,
labour, remewal of cutters, oil, &c., and interest on
capital sunk, with a certain allowance for depreciation.
On the hand-labour side, we must put cost of labour,
tools, &c., not forgetting the increased length of time
necessary to produce a given amount of work, which
means an increased rental.

Taking, first, ordinary stone dressing : the number of
superficial feet which can be dressed by a machine in a
day will, of course, depend greatly on the nature of the
stone being worked, and in the way the machine is kept
constantly supplied with stone. It is important, there-
fore, in order to secure the best results, that little or no
time 1s lost in fixing and unfixing the stone. The size
of stone being dressed will also affect the number of feet
produced in a day, as with a machine it will take almost
as much time to dress a small stone as a large one.
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With the ordinary stones used in building construction of
a moderate degree of hardness, a well-designed machine
should, on a fair average, dress about 30 superficial
square feet per hour; the cost of this, allowing two men
and one boy to supply stone and attend to the machine,
would amount to about 2s.; whilst an average price to
dress the same by hand would be about 5s., leaving a large
profit and surplus for contingencies.

In the case of hard grit stones, an output of rather
more than one-half the above—say, 220 superficial feet
per day of 10 hours—should be considered an average
day’s work.

The makers of Brealey’s Patent Stone Dressing
Machine assert that one of these machines, to take in
4ft. wide by 2ft. high and 9ft. long, will tool or face from
300 to 500 superficial feet of flags or landing, according to
quality, per day of nine hours, at a total cost of 12s. per
day. If we take the medium of, say, 400ft. per day,
which if worked by hand labour would cost 11d. per foot,
we find that the cost would be £2 10s.; whereas by the
aid of a machine the work can be better done for about
one-fourth the sum.

Messrs. Brunton and Trier state that their machine has
dressed to a perfectly good surface in sand and gritstone
1,296 superficial feet in 49 hours, and in granite as much
as 171 square feet in an hour.

A comparison of the cost of working moulding in stone
by hand and by machinery has been published by the
Builders’ Trade Curcular. The work on which the cost
price was taken was a number of staircase steps in
white Portland stone, 5ft. long by 7in. deep, with a
moulding girting about 12in. They were cut one out of
the other by steam stone saws, the cost of sawing being
less than 2d. per foot. The moulding machine used was
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by Rotheroe, and would take a stone 10ft. long by 5ft.
6in. wide. It was a modification of an ordinary planing
machine for working iron, and was fitted with a travelling
bed with reversing action, and with two double tool boxes,
S0 as to operate on the stone, if required, during both the
backward and forward traverse of the table. The steps
were reduced on the machine, with an ordinary point
tool, to within a quarter of an inch of the correct size,
and then scraped or finished with a tool made of sheet
steel shaped to the exact profile of the moulding required.
The number of steps thus moulded by the machine
during several months averaged 18 per diem, giving as
the day’s work about 90 superficial feet of moulding.
Two men worked the machine, and the steel tools were
made on the premises, and the cost of these was about
£2 5s. per week ; one smith being pretty constantly,
though not entirely, occupied in making, altering, repair-
ing, sharpening, steeling, &c., as required. The first
cost of the machine was £300, exclusive of foundation
and labour fixing.

From these data, the cost of a day’s work was given ;
but several of the items would vary in different localities,
such as the cost of labour and steam power. The
estimate of cost was as follows :—

Two labourers, one day each, 20 hours at
5%d. per hour. (N.B.—They were active,

intelligent men) ' i : : 20 % 2
Tools as above, per week 45s., per day O 7 6
Steam power, say about h : - 0§ @
Interest upon outlay at 5 percent.,,say . . 0 3 6

&1 & 4

At the ordinary price of London labour, 90ft. of
Portland moulding, at 1s. 2d. per foot prime cost for
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hand labour, would amount to £5 5s. 4d. Assuming the
machine does this work at £1 5s. 2d., a very large margin
for profit and contingencies is left. By the ordinary
system of London measurement, all carving and setting
is put on the price of the stone; the price, 1s. 2d. per
foot, as quoted above, being for the labour of moulding
only : the comparison, therefore, is absolute. =~ Whatever
the nature of the work, nearly the same superficies of
moulding was worked, and the day’s work given 1s the
average of many days.

In different localities, of course the conditions will
vary. We think, however, the cost of machine moulding,
as given above, is somewhat low, especially the wages of
the attendants : and in practice we think it will be found
more economical to employ one man, of a higher class
than a labourer, who can sharpen and adjust his cutters,
and be able to overcome any little difficulties that may
arise owing to the varying nature of the stone worked, &ec.
However, should the cost of producing the 90ft. of Port-
land moulding amount to 80s.—which sum, we think,
will be found nearer the mark, except under special cir-
cumstances—a very large margin of profit is still left.

Another advantage that machine moulding will be
found to have over hand moulding 1is that the work
generally is better done, the lines being perfectly straight,
and the edges beautifully sharp; and should a large
number of pieces of one moulding have to be worked they
will be found absolutely alike in section.

The amount of work turned out per day will of course
vary with the size and nature of the stone, section of
moulding, and if the supply of stone is constant, and also
if many changes of work are necessary. For working
smaller stones, at any rate—such as stair steps, string-
courses, sills, &c., and builders’ work generally—a mould-
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ing machine with a vertical cutter barrel is undoubtedly
to be preferred, as it is more easily worked, and the tools
more readily adjusted or exchanged. The first cost,
also, should be less than a machine with a horizontal
barrel.

An advanced type of vertical barrel machine should
be capable of cutting a straight mould-
ing girting, say 15in., on a pilece of
Portland 4ft. long, similar to sketch,
Fig. 40, in thirty minutes: this we
ourselves have done.

The following statement of work
done by a Duplex barrel moulding and
planing machine working in Portland
stone was taken from the book of a
workman :—string 1ft. deep, 7in. projection, 50ft. run per
day of 12 hours. Moulded steps, 24 per day worked both
sides, with 4 steps on the machine at once.

Window jambs 6in. face, full of mouldings, worked
both sides, 150ft. run per day.

As showing the large amount of work that may be pro-
duced by the use of tools with a rolling contact, in
preference to those with a dead contact, we have, on the
authority of Messrs. G. and J. Fenning, of the Shap
Granite Works, Westmoreland, that they turned in a
lathe, with Brunton’s patent cutters, 42 granite columns,
of all sizes above 8in. diameter, amounting to 1,100
superficial, in 383 hours; and they estimate one mason
would have spent 4,428 hours in doing the same work.
In the case of columns under 8in. diameter, the lathe
turned 71 lineal feetin 114 hours; to do the same amount
of work, a mason would have been occupied about 648
hours.

Although a very large saving can be effected over hand

FI1G. 40.
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labour in the conversion of stone by the employment of
machinery, it is important that the machinery selected or
tools used should be suited to the nature of the stone and the
work to be carried out. If in every case, before purchasing,
the builder or quarry owner had the stone he chiefly used
or sold tried on several types of machines, he would then
be able to select the one best suited to his requirements ;
and, in some cases, much loss and annoyance would be
avoided.

In comparing the cost of horizontal-blade machine and
hand sawing, the saving effected—although considerably
in favour of machine conversion—will not be found so
large as in moulding or dressing machines. The number
of superficial feet sawn will, of course, depend largely on
the nature and size of the stone and the number of saws
employed. In sawing soft stone, such as Bath or Port-
land, the cost of machine sawing may be fairly set down at
about 2d. per foot, and the output with 6 saws at about 72
square feet per day of 10 hours. The cost of hand sawing
will generally average about 34d. per foot ; but the work
is not so truly done, and therefore requires more finishing
on the rubbing table. At the same time the process is
much slower. For sawing soft stone, steel-toothed saws
have latterly been introduced with very satisfactory
results as regards production. The harder kind of free-
stone will not average more than about one-half the
above output.

Circular saws will be found much more expeditious for
sawing stone than straight ones. They, however, have
the disadvantage of taking greater power to drive, and at
the same time the waste of stone is greater. Notwith-
standing these drawbacks, the author can strongly recom-
mend circular saws for converting Portland, Bath, York,
and similar classes of stone. A well-constructed machine
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of this class will cut from 150 to 250 running feet per day
of 10 hours; the output, of course, varying according to
the nature of the stone being operated on. Shouldzir-
cular saws be employed for dressing the faces of the stone,
they can be made to turn out from 8in. to 9in. run per
minute, and for this purpose they are really very valuable.
The cost of rubbing or facing building stones on a large
well-constructed machine may be set down at from 1d. to
3d. per superficial foot, according to the nature of stone.
In turning granite with revolving cutters, a well-constructed
lathe will give an output of at least 3 times the amount
that can be produced in a lathe in which the turning tool
1s a fixture; in soft stomes, however, the difference in
output 1s not so great.

The Author desires it to be understood that the figures
as regards the outputs of various machines were obtained
in most cases from the makers, and he declines therefore
the responsibility as to their correctness, with the ex-
ception of the Hunter Duplex Moulding and Planing
Machine and Circular Saws, the output of which he ha;
taken from absolute work done.
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CHAPTER XX.

NOTES ON MASONRY, RECIPES, ETC.

Ix districts where stone is abundant and is largely used
for building, ordinary walls are built of rubble stone, and
measured by the cubic yard, or some other loca:l stand?,rd,
in Ireland by the running perch (21 ft.) of a given height
and thickness, or by the square perch of 21 ft. super., at
a standard thickness of 18 inches. . :

A cubic yard of rubble Masonry will, as a rule, require
L cubic yard of mortar and 15 cubic yard of s‘tone.

In the West of England, the square perch 1s employfed,
of 18 ft. super.; at a standard thickness of 2 ft., to which
walls of any thickness are reduced. In other parts
masonry walling is measured by the 1“00(.1 of 86 square
yards, or 24 cubic yards, the standard th%ckne.ss being 2
feet, or by the rod of 272 feet super., as in brick wall at
a standard thickness of 18 in. or 2 feet. i

The superficial content of the surface work 1s paid for
separately by the square foot, ya}rd‘, or rood of 86 square
yards, including jointing or pomtm.g, and su.ch squaring
to beds and joints as may be required, quoins, &e. ; of
selected stones being often paid for at so much extra per
focgli)f]l&. stone, for the cut stonewo.rk in ]ouildings, ?s
generally sold at the quarries, or delivered by the cubic
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foot, or in large rough blocks by the ton, of from 18 to
17 cubic feet, 1 in. being allowed each way for irregu-
larities and waste.

Quantity of stone of different kinds, equivalent to a
ton in weight.

FrET, CUBE.
Vein Marble .

Statuary Marble : : : : ; : .
Granite . : . . . . . : ; . 13%
Purbeck : PR

Yorkshire . 13 to 14%
Craigleith . , . 143
Portland . 15 to 16

Derby : _—

Bath . 16 to 17

INCHES. FEET, SUPER.

2% York Paving ; : , : ; ., i
3 York i ‘ 58
2% Purbeck ,, 68
3 Purbeck ,, : : ; , : 3 . 66
3 QGranite ,, . , : : . . : i i TR
6 Granite ,, : ; ; : . : ; .
7 Granite Curb : . . 23

The following constants, chiefly for work on stone, are
taken from the ‘‘Student’s Practical Guide to Measuring,”
by E. Dobson. The factor to be applied is the daily
rate of wages for a mason.

Labour on Portland or similar stone, per foot super-
ficial.
N.B.—Sawing to be taken as half plain work.

per foot super. DAy,
Plain work to bond stones .

. ; : - e
1y to beds and joints : . : e
» rubbed face : ; : . 209
’ 4 circular . ; ; R
Sunk work, rubbed 3 : ; : .. 25
5 " circular . ; : : TR

M 2
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DAY.
Moulded work, rubbed : . i . : . 292
55 circular . : b oyt BT
Circular work to shafts of columns havmg the neck
moulding or part of the base worked in the same
stone . . 334
Circular—Circular or SPherlcal Work to domes or balls L
If rubbed, add extra : ‘049
Labour, squaring and laying York or Purbeck pavmg 021
If in courses, add ; : : . ]
Taking up, squaring, and relaymo' old pa,vmg .. PA2
PAVING.
One ton of 6-inch granite paving will cover 4 yards super.
* 7-inch 2 ” 8% L)
99 8-inch 99 ” 3 29
” 9-inch L} s9 3‘% 9
One ton of pebble paving will cover from 4 to 43 yards.
= ragstone ,, o w DBtobk
KEeysTONES.

To compute the depth of keystones for segmental
arches of stone (Trautwine).

First class of arch.—'364/ of the radius at the crown.

Second class of arch.—*44/ of the radius at the crown.

Brick or rubble.—'454/ of the radius at the crown.

In viaducts of several arches. Increase the above
units to ‘42, ‘46, and *51.

- MarsLe, WHITE.—Specific gravity, 2,706 ; weight of a
cubic foot, 169 lbs.; weight of a bar 1ft. long and 1in.
square, 1°17 1b. ; cohesive force of a square inch, 18111bs.;
extensibility, %= of its length; weight of modulus of
elasticity for a base of an inch square, 2,520,000 lbs.;
height of modulus of elasticity, 2,150,000 ft.; modulus of
resilience at the point of fracture, 1°3 ; specific resilience
at the point of fracture, 0'48 (Tredgold) ; is crushed by a
force of 6060 lbs. upon a square inch (Rennie).
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STONE, PorrrAND.—Specific gravity, 2:118 ; weight of
a cubic foot, 132 Ibs. ; weight of a prism 1 inch square
and 1 foot long, 092 lb.; absorbs ;% of its weight
of water (R. Tredgold) ; is crushed by a force of 8729 lbs.
upon a square inch (Rennie); cohesive force of a square
inch, 857 lbs.; extends before fracture -5 of its length;
modulus of elasticity for a base of an inch square,
1,533,000 Ibs; height of modulus of elasticity, 1,672,000ft. ;
modulus of resilience at the point of fracture, 05 ;
specific resilience at the point of fracture, 028 (Tred-
gold).

STONE, BaTH.—Specific gravity, 1:975 ; weight of a
cubic foot, 1234 1bs.; absorbs % of its weight of water
(R. Tredgold); cohesive force of a square inch, 478 lbs.
(Tredgold).

STONE, CRAIGLEITH.—Specific gravity, 2:862; weight
of a cubic foot, 1476 lbs.; absorbs 4% of its weight of
water ; cohesive force of a square inch, 772 lbs. (Tred-
gold) ; 1s crushed by a force of 5490 lbs. upon a square
inch (Rennie).

StoxE, DUNDEE.—Specific gravity, 2.621; weight of a
cubic foot, 1638 lbs. ; absorbs x1+ part of its weight of
water ; cohesive force of a square inch, 2661 lbs. (Tred-
gold); 1s crushed by a force of 6630 lbs. upon a square
inch (Rennie).

StoNE-WORK.—Weilght of a cubic foot of rubble-work,
about 140 1bs.; of hewn stone, 160 lbs.

SLaTE, WELSH.—Specific gravity, 2752 (Kirwan) ;
weight of a cubic foot, 172 lbs; weight of a bar 1 foot long
and 1 inch square, 1°19 Ibs.; cohesive force of a square
inch, 11,500 lbs. ; extension before fracture, —'-+ ; weight
of modulus of elasticity for a base of an inch square,
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15,800,000 1bs.; height of modulus of elasticity,
18,240,000 ft.; modulus of resilience, 84; specific
resilience, 2 (Tredgold).

SpaTe, WeEsTMORELAND.—Cohesive force of a square
inch, 7870 lbs.; extension in length before fracture, 5775
weight of modulus of elasticity for base 1 inch square,

12,900,000 1bs. (Tredgold).

SraTe, ScorcE.—Cohesive force of a square inch,
9,600 lbs.; extension in length before fracture, 175 ;
weight of modulus of elasticity for a base 1 inch square,

15,790,000 1bs. (Tredgold).

ArnaBAsTER CEmENT.—Plaster of Paris, 1 part; yellow
resin, 2 parts ; mix and apply hot, warming the faces of
the fracture or joint ; or sulphur or shellac, melted with
plaster of Paris, or plaster of Paris alone.

Graxite CEMENT.—Gum dammar, marble dust, fel-
spar; the mineral ingredients are reduced to an impal-
pable powder, and the mass 1s incorporated by gradual
heating. It should be applied warm to the warmed faces
of the fractured portions. The black felspar is preferably
used, to prevent the detection of the joint. For a hard
cement : dried and pulverized clay, 8 parts; clean iron
filings, 4 ; peroxide of manganese, 9 ; sea-salt, 1; borax,
1: triturate, reduce to paste with water, use immediately,
heat after using.

MarerE CeEMENT. — Plaster of Paris steeped in a
saturated solution of alum, and recalcined. Mix with
water, and apply as plaster of Paris; this cement 18
susceptible of a high polish, and may be coloured to
imitate marbles. A composition of gum-lac, coloured to

suit the occasion.
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The rust cement is also used, composed of hydro-
chlorate of ammonia, 2 ; flour of sulphur, 1; iron filings
16. i ’

For _coating insides of cisterns, pulverized baked bricks,
2; quicklime, 2; wood-ashes, 2; olive-oil to make a
paste.

.For stone.seams and joints, pulverized tiles or hard
brick, 6 ; white-lead, 1; litharge, 1; oil to compound.

Hydraul.lc cement, 12 ; triturated chalk, 6; fine sand,
6 ; infusorial earth, 1; all mixed with soluble soda-glass.

SToNE CEMENT.—Fine sand, 20 parts; Iitharge, 2;
quicklime, 1; linseed oil to form a paste. |

A mineral compound for uniting stone and resisting
water 1s made by mixing 19 Ibs. of sulphur, with 42 1bs.
of powdered glass or stone ware ; over a gentle heat the
sulphur melts, and the whole is stirred till a homo-
geneous mass 1s obtained, when it may be run into
moulds. It melts at 248° Fahr., and becomes hard as
stone, and will resist boiling at 230°. Fahr.

CEMENT FOR JOINING STONE.—Sulphur, bees-wax, and
resin, equal parts; the sulphur and resin are to be
melted together: the wax is then added, and the whole
intimately mixed. The edges of the stones to be joined
are to be gently heated, and in that state anointed with
mastic, and then pressed tightly together until they are
quite cold.

Roman CEMENT. — Parker’s analysis. One part of
common clay to 24 parts of chalk, set very quick.

CoxcreTE.—Eight parts of pebble, or pieces of brick, to
4.parts of scrap river-sand ; and 1 part of lime mixed
with water, and grouted in, makes a good concrete.
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. L MorTar.—One part of river-sand to 2 parts of
powdered lime, mixed with fresh water.

Hypravric MorTAR. — One part of pounded brick-
powder to 2 parts of powdered lime mixed with fresh
water. This mortar must be laid very thick between the
bricks, and the latter well soaked in water before laid.

Hypravric CoxcreTe, by Treussart. Thirty parts of
hydraulic lime, measured in bulk before slaked ; 80 parts
of sand; 20 parts of gravel; and 40 parts of broken
stone—a hard limestone.

CEMENT FOR STONE AND BRICKWORK.—Two parts of
ashes, 8 of clay, and 1 of sand, when mixed with oil, will
resist the weather.

WaTERPROOF FOR CIsTERN STOoNES.—(1), whiting 100
parts; resin, 68; sulphur, 181 ; tar, 9; melt together.
(2), sand, 100 parts; quicklime, 28 ; bone ashes, 14;
mixed with water.

ARTIFICIAL STONE can be made of clean sand and
silicate of lime.

PRESERVATION OF STONE.— Zyerelmey’s plan 1s to
saturate with a silicate, and apply asphaltum varnish.
Ransome’s is to saturate with silicate of soda, and then
with chloride of calcium. Hibble’s plan is to paint with
a compound of ground lime, turpentine, flax seed oil,
silicate of lead, and burnt copperas. Davies proposes
sulphur and flax seed oil. Barff and Sullivan, treatment
with alumina, carbonate of zinc, and silicate of potash.
Rernay’s, fluo-silicic acid, washed with alkaline solution.
Rust and Mossop ; solution of caustic barytes, washed
with fluo-silicic acid. Gros’s plan; a paint of wax, 10
parts ; oil, 80 ; litharge, 1; heated to 212° Fahr. Spiller’s;
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superphosphate of lime, followed by ammonia (for Mag-
nesian limestone). Crooke’s; fuller’s earth in a dilute
solution of hydrofluoric acid.

For tempering mill bills and other tools for working
hard stone, we have heard the following plan very well
spoken of. 1.—Take 2 gals. of rain water, 1 oz. of
corrosive sublimate, 1 oz. of salammoniac, 1 oz. of
saltpetre, 14 pints of rock salt. The picks should be
heated to a cherry red, and cooled in the bath. The
salt 1s intended to give hardness and the other ingre-
dients toughness to the steel. 2.—After working the
steel carefully prepare a bath of lead heated to the
boiling point. In it place the end of the pick to the
depth of 14 inch until heated to the temperature of the
lead, then plunge 1mmediately into clear cold water.
The principal requisite in making mill picks, &ec., are (1),
good steel; (2), work it at a low heat; (8), heat for
tempering without direct exposure to the fire, the lead
bath is intended as a protection against the heat, which is
usually too great to temper well.
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SINCE the publication of the first edition of this book,
some progress has been made in stone-working by
machinery, both by the introduction of new machines and
by improvement of details and methods of working the
older ones.

HorrzonTAL Saw FrAMES are now largely built of steel
and iron instead of wood and run at a higher speed.
Instead of single cranks or pendulums for driving, double
cranks and connecting rods are largely employed, these
are usually connected to the swing or saw frame either at
the centre or back end, thus obtaining the advantages of
long connecting rods with increased steadiness in working
in a lessened ground space. Improved self-acting
downward feeds, and new forms of sanding boxes for
feeding the grit to the blades, have been also introduced.
In addition to sharp sand various preparations of
powdered steel and chilled iron, &c., are used for cutting ;
these are known under various titles such as ¢ chilled
shot,” ¢ diamond grit,”  krushite,” &ec., and will cut
much faster than sand for certain classes of stone. In
lieu of ordinary plain blades for cutting, some made with
grooves or corrugations, with the object of conveying the
cutting material more rapidly to the stone, have been
introduced, but the author has so far had no opportunity
of testing their merits.
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CIRCULAR SAWS FOR CUTTING STONE.—A considerable
number of these machines have lately been introduced,
and for rapidly sawing, facing and edging building stone
of a moderate degree of hardness, such as Portland, are
found to be very expeditious.

We illustrate herewith a machine of recent construction
from the designs of Mr. G. Anderson. The framing and
gear is of massive construction to overcome the vibration
of working. The table carrying the stone is traversed by
o screw feed fitted with a quick return motion, its speed
being varied to suit the nature of the stone. The gearing
for driving the saws is of double purchase, and all the
wheels and pinions are of strong pitch and heavily pro-
portioned. The cutting teeth are adjustable, they are of
the Hunter type, and can be readily made or renewed by
an ordinary blacksmith. By mounting a disc on the
spindle with the cutting tools projecting from its side,
these machines can be adapted for rapidly facing as well
as sawing the stone.

QTONE-DRESSING AND PrANING MACHINES.—Some re-
cent progress has been made with these machines,

notably with those for dressing very hard stones, an

Qlustration of which we give elsewhere. In machines
for building stones based on the ordinary planing
machine for iron, various modifications have been intro-
duced, and most of them by automatically reversing the
cutting tools are made to cut during both the backward
and forward traverse of the table, and the cross-head
carrying the tool box is raised and lowered by a belt.
Supplementary canting tables are also fitted on the main
table so that the stone can be dressed on three sides at
any desired angle without re-setting. A rectilinear
stone planing machine especially adapted for dressing
flags, pavement coping, &c., has also been introduced ;

= D= ‘.__-_ﬂl-—-.-.
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this consists briefly of a heavycast-iron slide, arranged
to move on four turned rollers transversely across the
face of the table carrying the stone. Four tools are
employed, two roughing and two finishing, these are
mounted in pairs in adjustable tool-holders, fixed on
rocking pins at either side of the cast-iron slide or
saddle. Both sets of tools are worked independently,
and can be applied to different stones if desired. All
the operations are automatic.

RuBBiNG BrDpS. —1In lieu of the ordinary type of
machines, which require a pit and somewhat expensive
foundations, the writer can recommend them being built
self-contained, as they are much more readily fixed or
removed, and the only foundation required being a bed
of concrete. The frame of the machine should be
massive, and the bed supported by friction rollers, as
there is less trouble with the footstep bearing, at the
same time the machine can be run at a higher rate
of speed.

STONE OR MARBLE-TURNING LATHES. — In the most
recent practice for turning granite, marble, &c., the
lathe 1s made of very substantial construction, and by
preference, fitted with double beds, and each bed fitted
with a strong saddle and arranged with a compound
slide rest, with a swivelling tool-holder for the circular
revolving steel cutters. The slides should have hand
adjustments and the saddle have a self-acting motion.
The beds should be carried on sole plates, and so
arranged that they can be set either parallel or to a
taper of say lin. in 4ft. The fast headstock should be
fitted with a speed cone and double purchase spur
gearing.

R N .y
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APPENDIX B.
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TECHNICAL TERMS.

Architrave—is a term applied to the assemblage of members or
mouldings which surround a door or window.

Archivolt—an ornamental moulding running round an arch.

Argillaceous shale or clay slate has the same constitution as Mica
slate ; but the particles are so fine as not to be distinguished.

Arris—the line of concourse, edge, or meeting of two surfaces.

Ashlar—when each stone is squared and dressed to given dimensions,

Bastard—is ashlar work, backed up with inferior work.

& Boasted—same as chiselled.

5 Chiselled—a random tooled ashlar wrought with a narrow
chisel.

- Herring-bone—has a tooling of oblique flutes in ranks running
in alternate directions.

. Nigged—a building block dressed with a pointed hammer.,

. Pick, or hammer-dressed : it is known as common ashlar,

N Plane—a block in which the marks of the tools are dressed
out.

" Pointed—the face marking done by a pointed tool or one very
narrow.

- Prison—the surface is wrought into holes.

. Random-tooled—a block whose groovings are irregularly cut
with a broad tool.

. Rough Ashlar—a block of Freestone as brought from the
quarry.

i Rusticated—the face of the block projects from the joint,
arrises being bevelled. It may be rough or smooth faced, or
variously tooled.

i Smooth—a block dressed ready for use.

7!

I

R R N N e -t




4+

174 STONE-WORKING MACHINERY.

Ashlar, Tooled—a block in which the surface has parallel vertical
flutes.

A smooth face around the joint is called a margin-draft. The
face of an ashlar is the front exposed surface when built into
the wall. Flanks, are the sides. Beds, are the upper and
lower surfaces. Backs, are the rear surfaces.

Band—denotes any flat low member, or moulding that is broad and not
very deep.

Bed-moulding—a collective term for all the moulding beneath the
corona or principal projecting member of a cornice.

Bedding stone—a marble slab accurately level and on which pieces of
stone or bricks are tried to prove the truth of their faces.

Beds of a stone—the upper and lower surfaces of a block.
Birdsbeak—a complete moulding used in the Greek Doric order.
Bituminous shale—is a slate clay impregnated with bitumen.

Blocking course—a course of masonry laid on the top of a cornice
crowning a wall.

Boasted or chiselled—wrought by a narrow chisel.

Boaster—a stone-mason’s chisel, having an edge two inches wide, used
in dressing down the surface of stone. It is intermediate in width
between the inch tool and the broad tool, which are respectively 1 inch

and 3% inches wide.
Borcer—a tool for boring rocks.
Boss—a sculptured keystone.

Boultine—a convex moulding whose periphery is a quarter of a circle
next below the plinth in the Doric and Tuscan orders.

Boulder—made up of rounded unwrought stones.

Broached—hewed by mallet and chisel.

Cantilivers—are trusses when used under modillions in the frieze.

Chisel draught—a plane surface formed along the edge of a block of
stone by the mason before commencing to dress the surface.

Chlorite slate—is of a dark green colour, similar to talcous slate.
Churn jumpers—so called from their method of working.

Claying bar—an implement for driving in dry clay into the hole made
by the jumping tool, if found too damp for the introduction of the

blasting material.
Cleaving grain—Ilines in the stone parallel to the planes of cleavage.
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Console—is an ornament like a truss carried on a key-stone,

Compound mouldings—are the cyma recta, which has the hollow
uppermost and projecting. The cyma reversa, which has a similar
contour, but adapted for a base moulding to a wall or plinth.

Coursed work—in which the stones are squared more or less and set in
courses,

Cramp or dowel—a piece of iron, copper, or wood usually of a dovetail
fo'rm, used with lead for joining masonry. Dowels are sometimes made
with hard stone, run with cement.

Cutter barrel, cutter head, cutter block, tool box. Apparatus for
holding the working tools or cutters in stone-dressing machinery.

Dentils—are ornaments used in the bed moulds of cornices,

Dowel J_'oggles—a,re usually hard pieces of stone cut and let into corre-
sponding mortices in the two stones to be joined together.,

Dressing—is the working on the faces and beds.

Dressings—the mouldings, and sculptured decorations of all kinds
which are used on the walls and ceiling of a building for the purpose
of ornament.

Droving work—is first droved and then broached.
Enriched mouldings—the above mouldings carved.

Feathers—are inverted wedges with circular backs.

Flutes—channels running down columns. These channels are some-
times partly filled by a lesser round moulding ; this is called cabling
the flutes.

Freestone—is applied indefinitely to that kind of storie which can readily
be wrought. It includes the two great divisions of limestone and
sandstone.

Grit—Coarse sand, rough hard particles of sandstone.

Ground table stones—the projecting course of stones in a wall above
the plinth.

Hammer dressed—squared and picked by the hammer.

Herring-bone—when the surfaces of the stone are formed with zig-zag
lines.

Hornblende slate-—resembles mica-slate, but is less glistening and does
not break into such thin sheets.
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Impost—a horizontal moulding for an arch to spring from.

Joggled stones—are jointed together when a projection is worked out
on one stone to fit into a corresponding hole or groove in the other.

Jumping tool—implement for boring.

Key-stone—the stone in an arch which is equally distant from its spring-
ing extremities.

Lintel or traverse—the cross top.

Micaceous—stones laminated with mica.
Mica slate—a rock composed of quartz and mica.
Modillions—small brackets under the corona in the cornice.

Mouldings—may be divided into two classes, the simple and the com-
pound ; the former are : —
1st—The Roman ovolo, or quarter round ; or the Greek owolo, with an
elliptic or conic section.
9nd—The eavetto or hollow.
3rd—The torus or round.

Nigged work—is that in which the work is picked with a scabbling
hammer until the surface is nearly of the intended form.

Ogee—a moulding which has the round uppermost and overhanging.

Oolites or roestones—are composed of oviform bodies cemented by
calcareous matter of a varied character.

Ovolo—a convex moulding mostly used in classical architecture.

Parpoint—squared stones laid in courses, with courses of Zeaders at
intervals of, say, five feet. ‘

Plane ashlar—rubbed smooth.

Planes of clearage—stone which occurs in contiguous strata presents
a number of contact surfaces called planes of clearage.

Plucked—a dressed stone with an uneven and holey surface is plucked.

Point, inch tool, boaster, broad tool—are mason’s tools usually em-
ployed for dressing the face of stones.

Reedings—are several beads placed together.
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Rough-—axed on the face.

Rubbed work—when the surface of the stone is smoothed by means of
sand or grit stone.

Rubble—a filling in with irregular stone.
Rubble work—in which the stones are not squared.

Rustic masonry—if the joints of the masonry are sunk in channels the
work is called rustic.

Scabbling—dressing the surface of the stone in the quarry with pointed
picks.

Scotia—is formed of two hollows, one over the other, and of different
centres,

Scotia—the hollow moulding in the base of an Ionic column.

Scraper—a tool for clearing the hole of stone chips and dust made by
the boring tool.

Slate adhesive—of a light greenish grey colour, is readily broken, and
adheres to the tongue.

Soffit—is the under part of a lintel or cornice.
Spaulled—the action of splitting or scaling off small flakes of stone.

Stone axe, Jedding axe, Scabbling hammer or cavil—is used
previous to the operation of hewing, in order to bring the stone nearly
to shape ; one end of the jedding-axe is flat, and is used for knocking
oft projecting angular points, and the other end is pointed for reducing
the different surfaces nearly to the intended form.

Stroking—dressing stone by successive narrow flutes or grooves,

Talcose slate—contains talc instead of mica, has a more greasy feel than
mica-slate.

Tamping-bar—a tool for filling up a bore-hole made for blasting,

Through-stones—or bond stones, are those placed with their greatest
length going through the thickness of the wall at a right angle to its
face.

Truss—is a modillion enlarged and placed flat against a wall,

Unstunned—even on the face, not ¢ plucked.”

Weather moulding—a dripstone over a door or window to keep off
water from the parts beneath.

N
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ARR

RRANGEMENT of shafting, 152
— — stone-works, 16
Art of stone-working, origin of, i

AND-saws with diamond points, 36
Bearings, lubricant for, 19
Bed, old moulding, 77
— — ripping, 41
— polishing, 109
— rubbing or surfacing, 89
Bedding, stone, 14

ARVING machinery, 103
Chairing and boring machine for
railway blocks, 135

Checking deep mouldings, 85

Circular, revolving, or rolling cutters for
dressing stone, 63

Circular saws, construction of, 50

— — for cutting stone, 40, 171

— — for roughing out mouldings, 100

— — hydraulic feed for, 127

— — speed of, 49, 161

— — teeth of, 42

Construction of stone-sawing frames,
31

Cost of stone-working by machinery,
155

Cutter blocks, moulding, composition
of, 99

Cutters, complex forms to be avoided,
85

— rolling for turning, 117

— tempering, 85, 139

Cutting difficult stone, 49

— marble, 34

— speed of circular-saws, 161

— tools, 138

GUI

Cutting window sills, coping-stones,
&ec., 49

Cylindrical pillars, method of cutting,
26

ECOMPOSITION of stone, 12
Diamond drill, 38
Diamond points for sawing, 36
Disc surfacing machines, 75
Disintegration of stone, 13
Dressing and planing machines for
stone, 52
— granite, 75
— millstones, 136
Driving belts, 152
Duplex stone-moulding machine, 81

"?DGE moulding, 87
14  Emery wheels, speed of, 145

'?ACING stone of awkward section,
1 94

First machine for dressing stone, 54
Foundation of rubbing bed, 93

Frame, saw, for marble, 33

Frames, stone-sawing, 22

— — — construction of, 31

— — — guides for, 32

— — — skeleton, 30

— wooden, for holding stone, 84

RANITE dressing, 75
— its composition, 8
— turning, 116
Grinding and polishing materials, 110
— moulding irons, 144

(rrindstone dressing machine, 137
| Guides for saw frames, 32
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HAN

HA,N D rubbers for polishing, 113
Hard stone dressing with diamond
points, 37
Head stock for holding pillars, 84
Holing slates, 131
Horizontal saw frame, 170
Hydraulic feed circular saw, 127

IRREGULAR moulding machine, 99

LABOUR, hand, wversus machinery,
155

Lathe for stone-turning, 115

Limestone, its composition, 8

Lubricants for bearings, 19

\J ACHINE conversion, stone suitable

A for, 8

Machine, first, for dressing stone, 54

Machinery for breaking stone, 118

— — dressing slate, 126

— — — millstones, 136

— — planing slate, 131

— — working slate, 124

— hand labour versus, 155

— miscellaneous, for working stone,
135

Management of stone-works, 149

Marble cutting, 34

— quarrying, 135

— saw frame for, 33

— white, 164

Magsonry, Notes on, 162

Materials for grinding and polishing,
10

Motive power for stone-works, 19

Moulding irons, grinding, 144

Moulding machines, classes of, 79

— — edge, 87

— — for stone, 77

— —- horizontal barrel, 86

— — irregular, 99

Mouldings, ‘¢ checking’ deep, 85

ILLARS, cylindrical, method of cut- |

ting, 26
— headstock for holding, 84
Plan of stone-works for general pur-
poses, 17
Planing machines for stone, 52
Polishing beds, 109
— hand-rubbers for, 113
— marble, 33, 111

STO

Polishing materials, 110
— stone of awkward section, 94

UARRYING machinery, 100, 131,
135

RECESSIN & machinery, 98
Recipes, 162

Rolling cutters for turning, 117

Rubbing or surfacing beds, 89, 172

— — — — construction of, 93

— — — —- cost of, 92

-— — — — foundations of, 93

SAN D and water, supplying, 32
— for sawing, 34

Sandstones, their composition, 8

Saws, circular, construction of, 50

— — for cutting stone, 40

— — teeth of, 42

Scraping tools for mouldings, 82, 83

Sculpturing machinery, 103

Shafting, arrangement of, 152

Slate dressing machine, 126

— holing machine, 131

— pencils, manufacture of, 129

— planing machine, 131

-— Welsh, 165

— working machinery, 124

Speed of circular saw, 161

— — emery wheels, 145

— — table for moulding, 87

Stone, Bath, 165

— breaking machinery, 118

— the bedding of, 14

— conversion of, to best advantage, 24

— Cragleith, 165

— decomposition of, 12

— difficult cutting, 49

—— disintegration of, 13

— dressing and planing machines, 52,171

— Dundee, 165

— found in Great Britain, 14

| — grooving machine, 100

— moulding machines, 77

— polishing of awkward section, 94

— Portland, 165

— preservation of, 168

| — recessing, 98

— sawing frames, 22, 30, 33

— — — construction of, 31

— — — guide for, 32

— — machinery, introduction of, 2%
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STO

Stone Sawing, the term a misnomer, 22

— with diamond points, 36

— saws, circular, 40

— seasoning, 11

— suitable for machine conversion, 8

— surfacing or rubbing beds, 89

— testing, 11

— turning lathe, 115, 172

— the hardest not always worst to
work, 9

Stone-working, hand labour wversus
machinery, 155

— art of, supposed origin of, 1

— machinery, miscellaneous, 135

Stoneworks, arrangement of, 16

— management of, 149

— motive power for, 19

WIN

ECHNICAL terms, 173

Tempering cutters, 85, 139
Tools, Cook & Hunter’s Patent, 43
— cutting, 138
— for moulding machine, 80, 81
— reversible, 73
— revolving, 53, 63
— with diamond points, 37
Turning lathes, 115
— granite, 116

ERTICAL moulding machines, 79,
87

INDOW sills, coping stones, &ec.
cutting, 49
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OFFICES AND WorksHOPS : APPOLD STREET, LONDON, E.C.

SPECIALITIES :

WOODWORKING MACHINERY,
STONEWORKING MACHINERY,

STEAM ENGINES, &c.,
OF THE MOST ADVANCED CONSTRUCTION.

ALSO

PUMPING AND COLONIAL MACHINERY GENERALLY.

MILLS PLANNED AND ERECTED COMPLETE.

ENGINEERING VALUATIONS, ARBITRATIONS, EXPERT
EVIDENCE, dc.

BOOKS BY M. POWIS BALE, M.Inst.M.E., AM.Inst.C. E.
Now Published :

¢« WOODWORKING MACHINERY, ITS RISE, PROGRESS, AND
CONSTRUCTION.” 9s.

<« JAW-MILLS, THEIR ARRANGEMENT AND MANAGEMENT.”
10s. 6d.

«« STONEWORKING MACHINERY, AND THE RAPID AND ECO-
NOMICAL CONVERSION OF STONE.” 9s.

¢« STEAM AND MACHINERY MANAGEMENT.” 2s. 6d.
«PUMPS AND PUMPING.” 2s. 6d.

<« A\ HANDBOOK FOR STEAM USERS.” 2s. 6d.

«« MODERN SHAFTING AND GEARING.” 2s. 6d.
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SANITATION & WATER SUPPLY 28 AUCTIONEERING. VALUING. &o. 46

LAW & MISCELLANEOUS. . . 47

MECHANICAL ENGINEERING, ETC.

THE MECHANICAL ENGINEER’S POCKET-BOOK.

Comprising Tables, Formulz, Rules, and Data: A Handy Book of Reference
for Daily Use in Engineering Practice. By D. KiNNEAR CLARK, M. Inst. C.E.,
Fifth Edition, thoroughly Revised and Enlarged. By H. H. P. PowLEs,
A.M.I C.E., M\..M.E. Small 8vo, 700 pp., bound in flexible Leather Cover,
rounded corners. [Just Published. Net 6/0

SUMMARY OF CONTENTS :—MATHEMATICAL TABLES.—MEASUREMENT OF SURFACES
AND SOLIDS.—ENGLISH WEIGHTS AND MEASURES.—FRENCH METRIC WEIGHTS AND
MEASURES.—FOREIGN WEIGHTS AND MEASURES.—MONEYS.—SPECIFIC GRAVITY,
WEIGHT, AND VOLUME.—MANUFACTURED METALS.—STEEL PIPES.~—BOLTS AND NUTS,—
SUNDRY ARTICLES IN WROUGHT AND CAST IRON, COPPER, BRASS, LEAD, TIN, ZINC.—
STRENGTH OF MATERIALS, — STRENGTH OF TIMBER.—STRENGTH OF CAST IRON.—
STRENGTH OF WROUGHT IRON.—STRENGTH OF STEEL.—TENSILE STRENGTH OF COPPER,
1LEAD, &c.—RESISTANCE OF STONES AND OTHER BUILDING MATERIALS.—RIVETED JOINTS
IN BOILER PLATES.—BOILER SHELLS.—WIRE ROPES AND HEMP ROPES.—CHAINS AND
CHAIN CABLES.—FRAMING.—HARDNESS OF METALS, ALLOYS, AND STONES.—ILABOUR OF
ANIMALS.—MECHANICAL PRINCIPLES.—GRAVITY AND FALL OF BODIES.—ACCELERATING
AND RETARDING FORCES,—MILL GEARING, SHAFTING, &c.—TRANSMISSION OF MOTIVE
POWER.—HEAT.—COMBUSTION: FUELS.—WARMING, VENTILATION, COOKING STOVES.—
STEAM.—STEAM ENGINES AND BOILERS.—RAILWAYS.—TRAMWAYS.—STEAM SHIPS.—
PUMPING STEAM ENGINES AND PUMPS.—COAL GAS, GAS ENGINES, &c.—AIR IN MOTION,
—COMPRESSED AIR.—HOT AIR ENGINES.—WATER POWER.—SPEED OF CUTTING TOOLS,
—COLOURS.—ELECTRICAL ENGINEERING.

** Mr, Clark manifests what is an innate perception of what is likely to be useful in a pocket-
book, and he is really unrivalled in the art of condensation. It is very difficult to hit upon any
mechanical engineering subject concerning which this work supplies no information, and the
excellent index at the end adds to its utility. In one word, it is an exceedingly handy and efficient
tool, possessed of which the engineer will be saved many a wearisome calculation, or yet more
wearisome hunt through various text-books and treatises, and, as such, we can heartily recommend
it to our readers.”—74e Engineer,

*“It would be found difficult to compress more matter within a similar compass, or produce a
book of 700 pages which should be more compact or convenient for pocket reference, . , . Will
be appreciated by mechanical engineers of all classes.”"—Practical Engineer,

L. A
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MR. HUTTON’S PRACTICAL HANDBOOKS.

THE WORKS’ MANAGER’S HANDBOOK.

Comprising Modern Rules, Tables, and Data. For Engineers, Millwrights,
and Boiler Makers; Tool Makers, Machinists, and Metal Workers ; Iron and
Brass Founders, &c. By W. S. Hutton, Civil and Mechanical Engineer,
Author of ‘‘The Practical Engineer’'s Handbook.” Sixth Edition, carefully
Revised, and Enlarged. In One handsome Volume, medium 8vo, strongly

bound . . ' ‘ . : . . ' . : . . 18/0

PO The Author having compiled Rules and Data for his own use in a great
variety of modern engineeving work, and having found his notes extremely useful,
decided to publish them—revised to date—believing that a practical work, suited to
the DAILY REQUIREMENTS OF MODERN ENGINEERS, would be favourably received.

** Of this edition we may repeat the appreciative remarks we made upon the first and third.
Since the appearance of the latter very considerable modifications have been made, although the
total number of pages remains almost the same. It is a very useful collection of rules, tables, and
workshop and drawing office data.”— 7 /e Engineer, May 10, 1895.

**The author treats every subject from the point of view of one who has collected workshop
notes for application in workshop practice, rather than from the theoretical or literary aspect. The
volume contains a great deal of that kind of information which is gained only by practical experience,
and is seldom written in books.”—74e Engineer, June 5, 1885,

‘The volume is an exceedingly useful one, brimful with engineer’'s netes, memoranda, and
rules, and well worthy of being on every mechanical engineer’s bookshelf.”—Mechanical Worid.

** The information is precisely that likely to be required in practice. . . . The work forms
a desirable addition to the library not only of the werks’' manager, but of any one connected with
general engineering.”—Mining Fournal,

“ Brimful of useful information, stated in a concise form, Mr. Hutton’'s books have met a
pressing want among engineers. The book must prove extremely useful to every practical man
possessing a copy.”—Practical Engineer.

THE PRACTICAL ENGINEER’'S HANDBOOK.

Comprising a Treatise on Modern Engines and Boilers, Marine, Locomotive,
and Stationary. And containing a large collection of Rules and Practical
Data relating to Recent Practice in Designing and Constructing all kinds of
Engines, Boilers, and other Engineering work. The whole constituting a com-
prehensive Key to the Board of Trade and other Examinations for Certificates
of Competency in Modern Mechanical Engineering. By WALTER S. HuTTON,
Civil and Mechanical Engineer, Author of ‘‘ The Works’ Manager's Handbook
for Engineers,” &c. With upwards of 420 Illustrations. Sixth Edition,
Revised and Enlarged. Medium 8vo, nearly 560 pp., strongly bound. 18/Q

DO This Work 4s designed as a companion to the Author's ** Works'
MANAGER's HANDBOOK.” It possesses many new and oviginal features, and con-
tains, like its predecessor, a quantity of matter not originally intended for publication
but collected by the Author for his own use tn the construction of a great varviety of
MoDERN ENGINEERING WORK.

The information is given in a condensed and concise form, and is tllustvated by
upwards of 420 Engravings; and comprises a quantity of tabulated matter of great
value to all engaged in designing, constructing, ov estimating for ENGINES, BOILERS,
and OTHER ENGINEERING WORK.

“We have kept it at handsfor several weeks, referring to it as occasion arose, and we have not
on a single occasion consulted its pages without finding the information of which we were in quest.”
—Athenaum,

‘* A thoroughly good practical handbook, which no engineer can go through without learning
something that will be of service to him."—Marine Engineer.

“* An excellent book of reference for engineers, and a valuable text-book for students of
engineering.”—Scotsman.

*This valuable manual embodies the results and experience of the leading authorities on
mechanical engineering.” —Building News.

** The author has collected together a surprising quantity of rules and practical data, and has
shown much judgment in the selections he hasmade. . . . There is no doubt that this bcok is
one of the most useful of its kind published, and will be a very popular compendium,” —Engineer.

‘ A mass of information set down in simple language, and in such a form that it can be easily
referred to at any time. The matter is uniformly good and well chosen, and is greatly elucidated
by the illustrations. The book will find its way on to most engineers’ shelves, where it will rank as
one of the most useful books of reference.”—Practical Engineer.

*“ Full of useful information, and should be found on the office shelf of all practical engineers

MECHANICAL ENGINEERING, &:c. 3

MR. HUTTON’S PRACTICAL HANDBOOKS—continued.

STEAM BOILER CONSTRUCTION.

A Practical Handbook for Engineers, Boiler-Makers, and Steam Users.
Containing a large Collection of Rules and Data relating to Recent Practice
in the Design, Construction, and Working of all Kinds of Stationary, Loco-
motive, and Marine Steam-Boilers. By WavLter S, Hutron, Civil and
Mechanical Engineer, Author of “ The Works' Manager's Handbook,” ‘¢ The
Practical Engineer’s Handbook,” &c. With upwards of soo Illustrations.
Fourth Edition, carefully Revised, and Enlarged. Medium 8vo, over 680 pages,
cloth, strongly bound. 5 [Just Published. 18/0

B~ Tuis Work s issued in continuation of the Servies of Handbooks written
by the Author,viz. :—*“ THE Works' MANAGER'S HANDBOOK ” and ‘* THE PRACTICAL
ENGINEER'S HANDBOOK,” which are so highiy appreciated by engineers for the

practical natuve of their information; and is consequently written in the same styie
as those works.

The Author believes that the concentration, in a convenient form for easy
refevence, of such a large amount of thovoughly practical information on Steam-
Eoilers, will be of considerable service to those for whom it is intended, and he trusts

the book may be deemed worthy of as favourable a reception as has beem accorded to
tis predecessors.

‘“ One of the best, if not the best, books on boilers that has ever been published. The infor-
mation is of the right kind, in a simple and accessible form. So far as generation is concerned, this
Is, undoubtedly, the standard book on steam practice.”—Electrical Review.

‘“ Every detail, both in boiler design and management, is clearly laid before the reader. The
volume shows that boiler construction has been reduced to the condition of one of the most exact
sciences; and such a book is of the utmost value to the /#n de siéc/e Engineer and Works Manager,”
—Marine Engincer.

‘*“ There has long been room for a modern handbook on steam boilers; there is not that room
now, because Mr. Hutton has filled it. It is a thoroughly practical book for those who are occupied
in the construction, design, selection, or use of boilers.”—ZEngineer.

** The book is of so important and comprehensive a character that it must find its way into the
libraries of every one interested in boiler using or boiler manufacture if they wish to be thoroughly
iﬂ'orgled. We strongly recommend the book for the intrinsic value of its contents.”—Mackinery

arkel,

PRACTICAL MECHANICS’ WORKSHOP COMPANION.

Comprising a great variety of the most useful Rules and Formulz in Mechanical
Science, with numerous Tables of Practical Data and Calculated Results for
Facilitating Mechanical Operations. By WiLLiam TEMPLETON, Author of
‘“ The Engineer’s Practical Assistant,” &c., &c. Eighteenth Edition, Revised,
Modernised, and considerably Enlarged by WaLTEer S. HurTon, C.E., Author
of *“The Works’ Manager’s Handbook,” ¢ The Practical Engineer’'s Hand-
book,” &c.  Fcap. 8vo, nearly 500 pp., with 8 Plates and upwards of 250 Illus-
trative Diagrams, strongly bound for workshop or pocket wear and tear. 6/0

* In its modernised form Hutton’s ‘ Templeton’ should have a wide sale, for it contains much
valuable information which the mechanic will often find of use, and not a few tables and notes which
he might look for in vain in other works. This modernised edition will be appreciated by all who
have learned to value the original editions of * Templeton.'”"—English Mechanic.

** It has met with great success in the engineering workshop, as we can testify ; and there are
?V great many men who, in a great measure, owe their rise in life to this little book.”—Building

m:&

* This familiar text-book—well known to all mechanics and engineers—is of essential service
to the every-day requirements of engineers, millwrights, and the various trades connected with
engineering and building. The new modernised edition is worth its weight in gold.”—Buzlding
News. (Second Notice.)

** This well-known and largely-used book contains information, brought up to date, of the
sort so useful to the foreman and draughtsman. So much fresh information has been introduced as
to constitute it practically a new book. It will be largely used in the office and workshop.”—
Mechanical World.

*“The publishers wisely entrusted the task of revision of this popular, valuable, and useful
book to Mr. Hutton, than whom a more competent man they could not have found.”—/o,

ENGINEER’S AND MILLWRIGHT’S ASSISTANT.

A Collection of Useful Tables, Rules, and Data. By WiLrLiaMm TEMPLETON.
Eighth Edition, with Additions. 18mo, cloth . P . o e DI

*Occupies a foremost place among books of this kind. A more suitable present to an
apprentice to any of the mechanical trades could not possibly be made.”—Building News.

‘ A deservedly popular work. It should be in the ‘drawer’ of every mechanic.,”—FEnglish
Mechanic, '
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THE MECHANICAL ENGINEER’S REFERENCE BOOK.

For Machine and Boiler Construction. In Two Parts. Part I. GENERAL
ENGINEERING DATA. Part I1. BoiLEr ConsTRUCTION. With 51 Plates and
numerous Illustrations. By NEeLsoNn Forevy, M.I.N.A. Second Edition,
Revised throughout and much Enlarged. Folio, half-bound. Nez £3 8s.

PART I.—MEASURES.—CIRCUMFERENCFS AND AREAS, &c., SQUARES, CUBES,
FOURTH POWERS.—SQUARE AND CUBE ROOTS.—SURFACE OF TUBES.—RECIPROCALS.—
LOGARITHMS. — MENSURATION. — SPECIFIC GRAVITIES AND WEIGHTS.—WORK AND
POWER. — HEAT. — COMBUSTION, — EXPANSION AND CONTRACTION.—EXPANSION OF
GASES.—STEAM.— STATIC FORCES.— GRAVITATION AND ATTRACTION.—MOTION AND
COMPUTATION OF RESULTING FORCES.—ACCUMULATED WORK.—CENTRE AND RADIUS
OF GYRATION.—MOMENT OF INERTIA.—CENTRE OF OSCILLATION,—ELECTRICITY.—
STRENGTH OF MATERIALS.—ELASTICITY.—TEST SHEETS OF METALS.—FRICTION,—
TRANSMISSION OF POWER.—FLOW OF LIQUIDS.—FLOW OF GASES.—AIR PUMPS, SURFACE
CONDENSERS, &c.—SPEED OF STEAMSHIPS.—PROPELLERS.—CUTTING TOOLS.—FLANGES.
—COPPER SHEETS AND TUBES.—SCREWS, NUTS, BOLT HEADS, &c.—VARIOUS RECIPES
AND MISCELLANEOUS MATTER.—WITH DIAGRAMS FOR VALVE-GEAR, BELTING AND
ROPES, DISCHARGE AND SUCTION PIPES, SCREW PROPELLERS, AND COPPER PIPES,

PART II.—TREATING OF POWER OF BOILERS.— USEFUL RATIOS.—NOTES ON
CONSTRUCTION. — CYLINDRICAL BOILER SHELLS, — CIRCULAR FURNACES. — FLAT
PLATES.—STAYS. — GIRDERS.—SCREWS, — HYDRAULIC TESTS. — RIVETING. — BOILER
SETTING, CHIMNEYS, AND MOUNTINGS.—FUELS, &c.—EXAMPLES OF BOILERS AND SPEEDS
OF STEAMSHIPS.—NOMINAL AND NORMAL HORSE POWER.—WITH DIAGRAMS FOR ALL
. BOILER CALCULATIONS AND DRAWINGS OF MANY VARIETIES OF BOILERS.

“ Mr. Foley is well fitted to compile such a work. The diagrams are a great feature of the
work. It may be stated that Mr. Foley has produced a volume which will undoubtedly fulfil the
desire of the author and become indispensable to all mechanical engineers.”—Ma»ine Engineer,

** We have carefully examined this work, and pronounce it a most excellent reference book
for the use of marine engineers.”— Fournal of Amevican Society of Naval Engineers.

TEXT-BOOK ON THE STEAM ENGINE.

With a Supplement on Gas ENGINES and ParT II. on HeaT ENGINES. By
T. M. GoopgeVE, M.A., Barrister-at-Law, Professor of Mechanics at the Royal
College of Science, London ; Author of ‘ The Principles of Mechanics,” ** The
Elements of Mechanism,” &c. Fourteenth Edition. Crown 8vo,cloth . 6/0

““ Professor Goodeve has given us a treatise on the steam engine which will bear comparison
with anything written by Huxley or Maxwell, and we can award it no higher praise,”—Engineer,

“Mr. Goodeve’s text-book is a work of which every young engineer should possess himself.”
— Mining Fournal.

ON GAS ENGINES.

With Appendix describing a Recent Engine with Tube Igniter. By T. M.
GoopEVE, M.A. Crown 8vo, cloth . : : . . ; * . 2/6

* Like all Mr. Goodeve’s writings, the present is no exception in point of general excellence.
It is a valuable little volume.” —Mechanical ¥ orid,

GAS AND OIL ENGINE MANAGEMENT.

A Practical Guide for Users and Attendants, being Notes on Selection,
Construction, and Management. By M. Powis BarLg, M.I. M.E., A.M.1.C.E.
Author of * Woodworking Machinery,” &c. Crown 8vo, cloth.

[Just Published. Net 3/6
THE GAS-ENGINE HANDBOOK.

A Manual of Useful Information for the Designer and the Engineer. By E. W,
RoeerTs, M.E. With Forty Full-page Engravings. Small Fcap. 8vo, leather.

Net 8/6
A TREATISE ON STEAM BOILERS.

Their Strength, Construction, and Economical Working. By R. WiLson, C.E.
Fitth kdition. 12mo, cloth . 2 ; . < : . y . 86/0
*The best treatise that has ever been published on steam boilers,”—FEngineer.

THE MECHANICAL ENGINEER’S COMPANION

of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimetres,
squares, cubes, roots, &c.; Strength of Bolts, Weight of Iron, &c.; Weights,
Measures, and other Data. Also Practical Rules for Engine Proportions. By
R. Epwarps, M.Inst.C.E. Fcap. 8vo, cloth. 3/6

** A very useful little volume. It contains many tables, classified data and memoranda
generally useful to engineers,”—ZEngineer,

*“What it professes to be, ‘a handy office companion,’ giving in a succinct form, a variety of
information likely to be required by mechanical engineers in their everyday office work.”—/Nazure

MECHANICAL ENGINEERING, &«.

A HANDBOOK ON THE STEAM ENGINE.

With especial Reference to Small and Medium sized Engi

) _ . gines. For the Use of
Efngme Makers, Mechanical Draughtsmen, Engineering Students, and users
of Steam Power. By HermAN HAEDER, C.E. Translated from the German
with additions and alterations, by H, H. P. PowLEs, A.M.1I.C.E., M.I.M.E.

gi'gitk'ld Edition, Revised. With nearly 1,100 Illustrations. Crown 8vo,

‘“ A perfect encyclopaedia.ef th(:.' st . i .d it d lls. : ‘ i

f eam engine and its details, an i -

man :n‘E place in English drawing-offices and wo:’gk15hops."—A Forema:nd g:;ﬁfﬁarggjt s
This is an excellent :bOOk,. and should be in the hands of all who are interested in the con-
straction and design of medium-sized stationary engimes. . . . A careful study of its contents and
the arrangement of the sections leads to the conclusion that there is probably no other book like it

in this country. The volume aims at showin i 1 i i
; 4 ! g the results of practical 3
may ciaim a complete achievement of this idea.”—Nature. 5 e aa T

*There can be no question as to its value. W i > i i
] _ | . e cordially commend it to all concern
design and construction of the steam engine.”—echanical World, gt s

BOILER AND FACTORY CHIMNEYS.

Their Draught-Power and Stability. With a cha: 1 )

2 pter on Lightning Conductors.
By RoBERT WiLsoN, A.I.C.E., Author of “ A Treatise on SteamgBoilers " &c.
Crown 8vo, cloth : ; 3 A ’ - . ‘ ‘ ¢ . 3/6

A valuable contribution to the literature of scientific building.”"— T%e Builder.

BOILER MAKER’S READY RECKONER & ASSISTANT.

With Examples of Practical Geometry and Templating, fi

: _ g, for the Use of Platers
Smiths, and Riveters. By JoHN CourTNEY, Edited by D. K. CLARK:
M.I.C.E. Fourth Edition, 480 pp., with 140 Illustrations. Fcap. 8vo, half-
bound . 7 ! : . 2 2 . 3 q - - s 7/0

* No workman or apprentice should be without this book.”~JZron Trade Circular.

REFRIGERATION, COLD STORAGE, & ICE-MAKING:

A Practigal Treatise on the Art and Science of Refrigeration. By A. J.
WALI_:IS-.I_AXLER, A.M.Inst.C.E., Author ot ‘‘ Refrigerating and Ice-Making
Machinery.” 6oo pp., with 360 Iilustrations. Medium 8vo, cloth. Net 15/0

‘“ The author has to be congratulated on the completion and production of such an impor-
tant work and it cannot fail to have a large body of readers, for it leaves out nothing that would in
any way be of value to those interested in the subject.”—Steanship,

‘*“No one whose duty it is to handle the mammoth preservin installations of the -
can afford to be without this valuable book."—Glasgow I}iera!d. . oy

THE POCKET BOOK E
b OF REFRIGERATION AND ICE

Edited by A. J. WaLL1S-TAYLER, A.M.Inst.C.E. Author of *¢ Refrigerating
and Ice-making Machinery,” &c. Smail Crown 8vo, cloth. '

[Just Published. Net 3|6
REFRIGERATING & ICE-MAKING MACHINERY.

A Descrxptivg—: Treatise for the Use of Persons Employing Refrigerating

and Ice-Making Installations, and others. By A. J. WaLLis-TAVLER,

A.-M. Inst. C.E. Third Edition, Enlarged. Crown 8vo, cloth . . 116

:‘ Practical, explicit, and profusely illustrated.”—Glasgow Herald.

_“We recommend the book, which gives the cost of various systems and illustrations showing
detauls: of parts of machinery and general arrangements of complete installations.”—Buzlder.

‘ May be recommended as a useful description of the machinery, the processes, and of the

facts, figures, and tabulated physics of refrigerating. It is ilati
subjéct."‘-—Engz’neer. phy g g one of the best compilations on the

ENGINEERING ESTIMATES, COSTS, AND ACCOUNTS.

A Guide to Commercial Engineering. With numerous examples of Estimates
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and
Steam Boilers; and a Section on the Preparation of Costs Accounts. B
A GENERAL MANAGER. Second Edition. 8vo, cloth., . : 5 . 12}

* This is an excellent and very useful book, covering subject-matter in constant requisition in
every factory and workshop. . . . The book is invaluable, not only to th 3
also to the estimate department of every works.”—Builder. g T 08 romy e I
** We accord the work unqualified praise. The information is given in a plain, straightforward

manner, and bears throughout evidence of the intimate practical acquaintance of i
every phase of commercial engineering,”—Meckanical W%rld. i RS
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HOISTING MACHINERY.

An Elementary Treatise on. Including the Elements of Crane Construction
and Descriptions of the Various Types of Cranes in Use. By JoserH
HorNER, A.M 1.M.E., Author of ‘  Pattern-Making,” and other Works.
Crown 8vo, with 215 Illustrations, including Folding Piates, cloth.

[ Just Published. Net 7|6

AERIAL OR WIRE-ROPE TRAMWAYS.

Their Constructionand Management. ByA. J.WaLris-TaAvLER, A.M.Inst.C.E.

With 81 Illustrations. Crown 8vo, cloth . : ¢ . ; . . 7/6

“This is in its way an excellent volume. Without going into the minutize of the subject, it

vet lays before its readers a very good exposition of the various systems of rope transmission in use,

and gives as well not a little valuable information about their working, repair, and management.
We can safely recommend it as a useful general treatise on the subject.”—7he Engineer.

MOTO&ZO EBARS OR POWER=CARRIAGES FOR COMMON
S.

By A. J. WaLLis-TAYLER, A. M. Inst. C.E., Author of ‘“Modern Cycles,”
&c. 212 pp., with 76 Illustrations. Crown 8vo, cloth . ; ; . 4/6
“ The book is clearly expressed throughout, and is just the sort of work that an engineer

thinking of turning his attention to motor-carriage work, would do well to read as a preliminary
to starting operations.”—ZFEngineering.

PLATING AND BOILER MAKING.

A Practical Handbook for Workshop Operations. By Joserua G. HORNER,
A.M.I.M.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth . . 7/6

“ This work is characterised by that evidence of close acquaintance with workshop methods
which will render the book exceedingly acceptable to the practical hand. We have no hesitation
in commending the work as a serviceable and practical handbook on a subject which has not
hitherto received much attention from those qualified to deal with it in a satisfactory manner,”—
Mechanical World,

PATTERN MAKING.

A Practical Treatise, embracing the Main Types of Engineering Construction,
and including Gearing, Engine Work, Sheaves and Pulleys, Pipes and Columns,
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in Loam
and Greensand, estimating the weight of Castings &c. By JosepH G. HORNER,
A.M.I.M.E. Third Edition, Enlarged. With 486 Illustrations. Crown 8vo,
cloth. _ Net 718

' A well-written technical guide, evidently written by a man who understands and has prac-
tised what he has written about. . . . We cordially recommend it to engineering students, young
journeymen, and others desirous of being initiated into the mysteries of pattern-making.”—Bwildzr.

* An excellent vade mecusmn for the apprentice who desires to become master of his trade.”
—English Mecharic.

MECHANICAL ENGINEERING TERMS

(Lockwood’s Dictionary of). Embracing those current in the Drawing Office,
Pattern Shop, Foundry, Fitting, Turning, Smiths’, and Boiler Shops, &c. Com-
prising upwards of 6,000 Definitions. Edited by J. G. HorNER, A.M.I.M.E.
Third Edition, Revised, with Additions. Crown 8vo, cloth . . Net 78
¥ Just the sort of handy dictionary required by the various trades engaged in mechanical en-

gineering. The practical engineering 5)upil will find the book of great value in his studies, and every
foreman engineer and mechanic should have a copy.”"—Bwuilding News.

TOOTHED GEARING.

A Practical Handbook for Offices and Workshops. By J. Horner, A.M.I.M.E.
With 184 Illustrations. Crown 8vo, cloth : . s : » . B/0

3 ‘* We give the book our unqualified praise for its thoroughness of treatment, and recommend
it to all interested as the most practical book on the subject yet written.”— Meckanical Worid.

FIRES, FIRE-ENGINES, AND FIRE BRIGADES.

With a History of Fire-Engines, their Construction, Use, and Manage-
ment ; Foreign Fire Systems; Hints on Fire-Brigades, &c. By C. F. T.
Young, C.E. 8vo, cloth . : . ; - : . ; . £1 4s,

" To such of our readers as are interested in the subject of fires and fire apparatus we can
most heartily commend this book.”—Engineering,
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AERIAL NAVIGATION.

A Practical Handbook on the Construction of Dirigible Balloons, Aérostats,
Aéroplanes, and Aéremotors. By FreEDErRICK WALKER, C.E., Associate
Member of the Aéronautic Institute. With 104 Illustrations. Large Crown
8vo, cloth . : ; A : . Net T7/6

STONE-WORKING MACHINERY.

A Manual dealing with the Rapid and Ecornomical Conversion of Stone. With
Hints on the Arrangement and Management of Stone Works. By M. Powis
BaLg, M.I.M.E. Second Edition, enlarged. Crown 8vo, cloth . . 9/0

“ The book should be in the hands of every mason or student of stonework.”—Celliery
Guardian,

“ A capital handbook for all who manipulate stone for building or ornamental purposes,”’==
Machinery Market.

PUMPS AND PUMPING.

A Handbook for Pump Users. Being Notes on Selection, Construction, and
Management. By M. Powis BarLg, M.I.M.E. Fourth Edition. Crown
8v0, Cloth (] . . L] L] . [ L . L] L} L] L 3/6
““ The matter is set forth as concisely as possible. In fact, condensation rather than diffuse-
ness has been the author’s aim throughout ; yet he does not seem to have omitted anything likely to
be of use."— Fournal of Gas Lighting.
“ Thoroughly practical and clearly written.”"—Glasgow Herald.

MILLING MACHINES AND PROCESSES.

A Practical Treatise on Shaping Metals by Rotary Cutters. Including
Information on Making and Grinding the Cutters. By Paur N. HasLuck,
Author of ‘ Lathe-Work.” With upwards of 300 Engravings. Large crowﬂxl'.l 3‘/%
cloth . ! . . : b . ] : . . ¢ .

“ A new departure in engineering literature. . . . We can recommend this work to all in-
terested in milling machines ; it is what it professes to be—a practical treatise.”"—Zngineer.

“ A capital and reliable book which will no doubt be of considerable service both to th(,J'se
who are already acquainted with the process as well as to those who contemplate its adoption.”—
Industries.

LATHE-WORK.

A Practical Treatise on the Tools, Appliances, and Processes employed in
the Art of Turning. By Paur N. HasLuck. Eighth Edition. Crown 8vo,

cloth . : ; 2 ! : 3 3 p . . 5/0

“ Written by a fhan who knows not only how work ought to be done, but who also knows h’c,rw
to do it, and how to convey his knowledge to others. To all turners this book would be valuable.”—
Engineering.

““ We can safely recommend the work to young engineers. To the amateur it will simply be
invaiuable, To the student it will convey a great deal of useful information."”—Engineer.

SCREW=THREADS,

And Methods of Producing Them. With numerous Tables and complete
Directions for using Screw-Cutting Lathes. By Paur N. HasLuck, Author
of “ Lathe-Work,” &c. Sixth Edition. Waistcoat-pocket size . . 1/6

# Full of useful information, hints and practical criticism. Taps, dies, and screwing tools
generally are illustrated and their action described.”—Meckanical World.

1t is a complete compendium of all the details of the screw-cutting lathe ; In fact, a multum
in-parvo on all the subjects it treats upon.”—Car»penter and Builder.

TABLES AND MEMORANDA FOR ENGINEERS,
MECHANICS, ARCHITECTS, BUILDERS, &c.

Selected and Arranged by Francis SMiTH. Seventh Edition, Revised, including

ELecTrICAL TABLES, FORMULE, and MEMORANDA. Waistcoat-pocket size,

limp leather, [Just Published. 1/6

“ 1t would, perhaps, be as difficult to make a small pocket-book selection of notes and formulee

to suit ALL engineers as it would be to make a universal medicine ; but Mr, Smith's waistcoat-
pocket collection may be looked upon as a successful attempt.”—Engineer.

“ The best example we have ever seen of 270 pages of useful matter packed into the dimen-
slons of a card-case.”—Building News. ““ A veritable pocket treasury of knowledge.”—J/ron.

POCKET GLOSSARY OF TECHNICAL TERMS.

English-French, French-English; with Tables suitable for the Architectural,
Engineering, Manufacturing, and Nautical Professions. By Jonn JaMmEs
FLETCHER. Third Edition, zoo pp. Waistcoat-pocket size, limp leather 1/@

* It is a very great advantage for readers and correspondents in France and England to have
so large a number of the words relatin%Oto engineering and manufacturers collected in a liliputian
volume. The little book will be useful both to students and travellers.”—A »cAitect.

“ The glossary of terms is very complete, and many of the Tables are new and well arranged
We cordially commend the book.”—Mechanical Worid.
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THE ENGINEER’S YEAR BOOK FOR 1904.

Comprising Formulz, Rules, Tables, Data and Memoranda in Civil, Mechanical,
Electrical, Marine and Mine Engineering. By H. R. KemPE, A.M. Inst. C.E.,
M.I.E.E., Principal Technical Officer, Engineer-in-Chief’s Office, General Post
Office, London, Author of ‘““A Handbook of Electrical Testing,” ‘“The
Electrical Engineer’s Pocket-Book,” &c. With 1,000 Illustrations, specially
Engraved for the work. Crown 8vo, goo pp., leather. [ Just Published. 8/0
“Kempe's Year Book really requires no commendation. Its sphere of usefulness is widely

knewn, and it is used by engineers the world over.” — Tke aEngineer,

“The volumne is distinctly in advance of most similar publications in this country,”=—
Engineering.

*‘ This valuable and well-designed book of reference meets the demands of all descriptions of
engineers,”—Saturday Review.

‘“ Teems with up-to-date information in every branch of engineering and construction.”—
Buiiding News,

* The needs of the engineering profession could hardly be supplied in a more admirable,
complete and convenient form. To say that it mere than sustains all comparisons is praise of the
highest sort, and that may justly be said of it.”"—Mining Fournal,

** There is certainly room for the newcomer, which supplies explanations and directions, as
well as formulae and tables. It deserves to become one of the most successful of the technical
annuals,”’ —A »chitect.

** Brings together with great skill all the technical information which an engineer has to use
day by day. It isin every way admirably equipped, and is sure to prove successful.”—Sco#sman.

*“ The up-to-dateness of Mr. Kempe’s compilation is a quality that will not be lost on the busy
people for whom the work is intended.”—~Glasgow Herald.

THE PORTABLE ENGINE.

A Practical Manual on its Construction and Management. For the use
of Owners and Users of Steam KEngines generally. By WiLLiam Dyson
WansBrOUGH. Crown 8vo, cloth . ; : ; : 4 . 3/68

* This is a work of value to those who use steam machinery. . . . Should be read by every
one who has a steam engine, on a farm or elsewhere.”—Mar& Lane Express.

IRON AND STEEL.

A Work for the Forge, Foundry, Factory, and Office. Containing ready,
useful, and trustworthy Information for Ironmasters and their Stock-takers ;
Managers of Bar, Rail, Plate, and Sheet Rolling Mills; Iron and Metal
Founders; Iron Ship and Bridge Builders; Mechanical, Mining, and Con-
sulting Engineers ; Architects, Contractors, Builders, &c. By CuARLES HOARE,
Author of * The Slide Rule,” &c. Ninth Edition. 32mo, leather . 8/0

CONDENSED MECHANICS.

A Selection of Formule, Rules, Tables, and Data or the Use of Engineering
Students, &c. By W. G. C. Huguges, A.M.I.C.E. Crown 8vo, cloth. 2/8

“The book is well fitted for those who are preparing for examination and wish to refresh
their knowledge by going through their formulee again, '—Marine Engineer.,

THE SAFE USE OF STEAM.

Containing Rules for Unprofessional Steam Users. By an ENGINEER. Seventh
Edition. Sewed : - ; ; ; ; ; . Bb.

** If steam-users would but learn this little book by heart, boiler explosions would become
sensdtlons by their raxity. ' —Ewnglish Mechanic.

THE CARE AND MANAGEMENT OF STATIONARY
-ENGINES.

A Practical Handbook for Men-in-charge. By C. HursT. Crown 8vo. Net 1/0
THE LOCOMOTIVE ENGINE.

The Autobiography of an Old Locomotive Engine. By RoBERT WEATHER-
BURN, ML.I.LM.E. With Illustrations and Portraits of GEORGE and ROBERT
STEPHENSON. Crown 8vo, cloth. Net 2/6

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT.

A Popular Treatise on the Gradual Improvements made in Railway Engines
between 1803 and 1go3. By CLEMENT E. STRETTON, C.E. Sixth Edition,
Revised and Enlarged. Crown 8vo, cloth. [Just Published. Net 48

*“Students of railway history and all who are interested in the evolution of the modern
locomotive will find much to attract and entertain in this volume."— 7%e Timtes. :
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MODERN MACHINE SHOP TOOLS,

THEIR CONSTRUCTION, OPERATION, AND MANIPULATION.

Including both Hand and Machine Tools. An entirely New and Fully
Illustrated Work, treating this Subject in a Concise and Comprehensive
Manner. A Book of Practical Instruction in all Classes of Machine Shop
Practice. Including Chapters on Filing, Fitting, and Scraping Surfaces ; on
Drills, Reamers, Taps, and Dies ; the Lathe and its Tools ; Planers, Shapers,
and their Tools; Milling Machines and Cutters; Gear Cutters and Gear
Cutting ; Drilling Machines and Drill Work ; Grinding Machines and their
Work ; Hardening and Tempering, Gearing, Belting, and Transmission
Machinery; Useful Dataand Tables. By WirLiam H. VAN DervoorT, M.E.
Hlustrated by 673 Engravings of Latest Tools and Methods, all of which are
fully described. Medium 8vo, cloth. [Just Published. Net 21/Q

LOCOMOTIVE ENGINE DRIVING.

A Practical Manual for Engineers in Charge of Locomotive Engines. By
MicuaeL ReyNovLps, formerly Locomotive Inspector, L. B. & S. C. R.
Eleventh Edition. Including a KeEy To THE LOcoMOTIVE ENGINE.
Crown 8vo, cloth . 3 . - 5 - , ; P ; . 4/86
** Mr. Reynolds has supplied a want, and has supplied it well. We can confidently recom-
mend the book not only to the practical driver, but to everyone who takes an interest in the
performance of locomotive engines,”—7%e Engineer.
**Mr. Reynolds has opened a new chapter in the literature of the day. This admirable

practical treatise, of the practical utility of which we have to speak in terms of warm commendation.”
—dAiheneum,

THE MODEL LOCOMOTIVE ENGINEER,

Fireman, and Engine-Boy. Comprising a Historical Notice of the Pioneer
Locomotive Engines and their Inventors. By MicuagL REyNOLDS. Second
Edition, with Revised Appendix. Crown 8vo, cloth. . : - . 4/8

** We should be glad to see this book in the possession of everyone in the kingdom who has
ever laid, or is to lay, hands on a locomotive engine,”—/ros.

CONTINUOUS RAILWAY BRAKES.

A Practical Treatise on the several Systems in Use in the United Kingdom :
their Construction and Performance. By MicHaeL ReyNoLps. 8vo,jcloth

9/0

““ A popular explanation of the different brakes. It will be of great assistance in forming
public opinion, and will be studied with benefit by those who take an interest in the brake.”"—Engiish
Mechanic,

STATIONARY ENGINE DRIVING.

A Practical Manual for Engineers in Charge of Stationary Engines. By
MicsaEL RevNorps. Sixth Edition. With Plates and Woodcuts.
Crown 8vo, cloth . " 3 . . s 2 X " % . 4/8

*The author’s advice on the various points treated is clear and practical."—ZEngineering.
‘“Our author leaves no stone unturned. He is determined that his readers shall not only
know something about the stationary engine, but all about it.”—Z&ngineer,

ENGINE-DRIVING LIFE.

Stirring Adventures and Incidents in the Lives of Locomotive Engine-
Drivers. By MicHAeL RevNoLps. Third Edition. Crown 8vo, cloth . 1/6
* From first to last perfectly fascinating. Wilkie Collins’s most thrilling conceptions are

thrown into the shade by true incidents, endless in their variety, related in every page.”—North
British Mail.

THE ENGINEMAN’S POCKET COMPANION,

And Practical Educator for Enginemen, Boiler Attendants, and Mechanics.
By MicHAEL REvNoLDs. With 45 Illustrations and numerous Diagrams
Fourth Edition, Revised. Royal 18mo, strongly bound for pocket wear. 3/6
‘“ A most meritorious work, giving in a succinct and practical form all the information an

engine-minder desirous of mastering the scientific principles of his daily calling would requize.”—
The Miller,
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CIVIL ENGINEERING, SURVEYING, ETC.
PIONEER IRRIGATION.

‘A Manual of Information or Farmers in the Colonies. By E. O. Mawson,

Executive Engineer, Public Works Department, Bombay. With Numerous
Plates and Diagrams. Medium 8vo, cloth.

[ Just ready. Price about 7|6 net.

SUMMARY OF CONTENTS:—VALUE OF IRRIGATION, AND SOURCES OF WATER
SUPPLY.—DAMS AND WEIRS.—CANALS.—UNDERGROUND WATER.—METHODS OF IRRI-
GATION.—SEWAGE IRRIGATION.—IMPERIAL AUTOMATIC SLUICE GATES.—THE CULTI-
VATION OF IRRIGATED CROPS, VEGETABLES, AND FRUIT TREES.—LIGHT RAILWAYS
FOR HEAVY TRAFFIC.—USEFUL MEMORANDA, TABLES, AND DATA.,

TUNNELLING.

A Practical Treatise. By CuarLEs PrerLini, C.E. With additions by
CuArLEs S. HiLy, C.E, With 150 Diagrams and Illustrations. Royal 8vo,

cloth . . 3 : . . : X ; y . % . Net 16/0
PRACTICAL TUNNELLING.

Explaining in detail Setting-out the Works, Shaft-sinking, and Heading-driving,
Ranging the Lines and Levelling underground, Sub-Excavating, Timbering
and the Construction of the Brickwork of Tunnels. By F. W. SimmMms,
M.Inst. C.E. Fourth Edition, Revised and Further Extended, including the
most recent (1895) Examples of Sub-aqueous and other Tunnels, by D. KINNEAR
CLARk, M. Inst. C.E. With 34 Folding Plates. Imperial 8vo, cloth £2 2s,

* The present (1896) edition has been brought right up to date, and is thus rendered a work to
which civil engineers generally should have ready access, and to which engineers who have con-
struction work can hardly afford to be without, but which to the younger members of the profession

Is invaluable, as from its pages they can learn the state to which the science of tunnelling has
attained.”—Railway News.

THE WATER SUPPLY OF TOWNS AND THE CON-
STRUCTION OF WATER-WORKS.

A Practical Treatise for the Use of Engineers and Students of Engineering.

By W. K. Burron, A.M. Inst. C.E., Consulting Engineer to the Tokyo

W ater-works. Seqond Edition, Revised and Extended. With numerous

Plates and Illustrations. Super-royal 8vo, buckram. [Jus? Published. 25|0

I. INTRODUCTORY. — II, DIFFERENT QUALITIES OF WATER. — III.-QUANTITY OF
WATER TO BE PROVIDED.~IV, ON ASCERTAINING WHETHER A PROPOSED SOURCE OF
SUPPLY IS SUFFICIENT.~V. ON ESTIMATING THE STORAGE CAPACITY REQUIRED
TO BE PROVIDED.—VI. CLASSIFICATION OF WATER-WORKS.—VII. IMPOUNDING RESER-
VOIRS.—VIII. EARTHWORK DAMS.—IX. MASONRY DAMS.—X. THE PURIFICATION OF
WATER.—XI. SETTLING RESERVOIRS.—XII. SAND FILTRATION.—XIII. PURIFICATION
OF WATER BY ACTION OF IRON, SOFTENING OF WATER BY ACTION OF LIME, NATURAL
FILTRATION.—XIV, SERVICE OR CLEAN WATER RESERVOIRS—WATER TOWERS—STAND
PIPES.—XV. THE CONNECTION OF SETTLING RESERVOIRS, FILTER BEDS AND SERVICE
RESERVOIRS.—XVI. PUMPING MACHINERY.—XVII. FLOW OF WATER IN CONDUITS—
PIPES AND OPEN CHANNELS.—XVIII. DISTRIBUTION SYSTEMS.—XIX. SPECIAL PRO-
VISIONS FOR THE EXTINCTION OF FIRE.—XX. PIPES FOR WATER-WORKS.—XXI. PRE-
VENTION OF WASTE OF WATER.—XXII. VARIOUS APPLIANCES USED IN CONNECTION
WITH WATER-WORKS.

APPENDIX I. By PROF. JOHN MILNE, F.R.S.—CONSIDERATIONS CONCERNING THE
PROBABLE EFFECTS OF EARTHQUAKES ON WATER-WORKS, AND THE SPECIAL PRE-
CAUTIONS TO BE TAKEN IN EARTHQUAKE COUNTRIES.

APPENDIX II. By JOHN DE RIJKE, C.E.—ON SAND DUNES AND DUNE SAND AS
A SOURCE OF WATER SUPPLY.

** The chapter upon filtration of water is very complete, and the details of construction well
Ulustrated. . . . The work should be specially valuable to civil engineers engaged in work in
Japan, but the interest is by no means confined to that locality.”—Esngineer.

*“We congratulate the author upon the practical commonsense shown in the preparation of

this work. . . . The plates and diagrams have evidently been prepared with great care, and
cannot fail to be of great assistance to the student.”—ZBwilder.

RURAL WATER SUPPLY.

A Practical Handbook on the Supply of Water and Construction of Water-
works for small Country Districts. By ALLAN GREENWELL, A.M.1.C.E.,

and W. T. Curry, A.M.I.C.E., F.G.S. With Illustrations. Second Edition,
Revised. Crown 8vo, cloth - . . H N - R . ; . B/0

*“We conscientlously recommend it as a very useful book for those concerned in obtaining
water for small districts, giving a great deal of practical information in a smal lcompass.”—Builder.
* The volume contains valuable information upon all matters connected with water supply.

+ » Itis full of details on points which are continually before water-works ene‘lneers."eNaMrc.
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THE WATER SUPPLY OF CITIES AND TOWNS.

By WiLriam HuMmser, A. M. Inst. C.E., and M. Inst. M.E., Author of ‘ Cast

and Wrought Iron Bridge Construction,” &c., &c. Illustrated with so Double
Plates, 1 Single Plate, Coloured Frontispiece, and upwards of 250 Woodcuts,

and containing 4oo pp. of Text. Imp. 4to, elegantly and substantially
half-bound in morocco . : p . ; . 5 . WNet £6 Bs.

LIST OF CONTENTS. I. HISTORICAL SKETCH OF SOME OF THE MEANS THAT HAVE
BEEN ADOPTED FOkK I'HE SUPPLY OF WATER TO CITIES  AND TOWNS.—II. WATER AND
THE FOREIGN MATTER USUALLY ASSOCIATED WITH IT.—III. RAINFALL AND EVAPORA-
TION.—IV. SPRINGS AND THE WATER-BEARING FORMATIONS OF VARIOUS DISTRICTS.
—V. MEASUREMENT AND ESTIMATION OF THE FLOW OF WATER.—VI, ON THE SELECTION
OF THE SOURCE OF SUPPLY.—VII. WELLS.—VIIl. RESERVOIRS.—IX. THE PURIFICATION
OF WATER.—X. PUMPS.—XI. PUMPING MACHINERY.—XII. CONDUITS.—XIII. DISTRIBU-
TION OF WATER. —XIV. METERS, SERVICE PIPES, AND HOUSE FITTINGS.—XV. THE LAW
AND ECONOMY OF WATER-WORKS.—XVI. CONSTANT AND INTERMITTENT SUPPLY.—
XVII. DESCRIPTION OF PLATES.—APPENDICES, GIVING TABLES OF RATES OF SUPPLY,
VELOCITIES, &c., &c., TOGETHER WITH SPECIFICATIONS OF SEVERAL WORKS ILLUS-

TRATED, AMONG WHICH WILL BE FOUND: ARBERDEEN, BIDEFORD, CANTERBURY,
DUNDEE, HALIFAX, LAMBETH, ROTHERHAM, DUBLIN, AND OTHERS.

* The most systematic and valuable work upon water supply hitherto produced in English, or
in any other language. Mr. Humber's work is characterised almost throughout by an

exhaustiveness much more distinctive of French and German than of English technical treatises.”
—Engineer,

THE PROGRESS OF ENGINEERING (1863-6).

By WM. HumBER, A M.Inst.C.E. Complete in Four Vols. Containing 148
Double Plates, with Portraits and Copious Descriptive Letterpress. Impl. 4to,
half-morocco. Price, complete, £12 12s. ; or each Volume sold separately
at £3 3s. per Volume. Descriptive List of Contentson application.

HYDRAULIC POWER ENGINEERING.

A Practical Manual on the Concentration and Transmission of Power by
Hydraulic Machinery. By G. CrovyDoN MArks, A.M. Inst. C.E. With
nearly 200 Illustrations. 8vo, cloth. Net 9/0
SUMMARY OF CONTENTS. PRINCIPLES OF HYDRAULICS,—THE FLOW OF WATER,
—HYDRAULIC PRESSURES, MATERIAL,—TEST LOAD PACKINGS FOR SLIDING SURFACES,
—PIPE JOINTS.—CONTROLLING VALVES.—PLATFORM LIFTS.—WORKSHOP AND FOUNDRY
CRANES.—WAREHOUSE AND DOCK CRANES.—HYDRAULIC ACCUMULATORS,—PRESSES
FORBALING AND OTHER PURPOSES,—SHEET METAL WORKING AND FORGING MACHINERY.
—HYDRAULIC RIVETTERS,—HAND, POWER, AND STEAM PUMPS.—TURBINES,—IMPULSE
TURBINES.—REACTION TURBINES.—DESIGN OF TURBINES IN DETAIL.—WATER WHEELS,

—HYDRAULIC ENGINES.—RECENT ACHIEVEMENTS.—PRESSURE OF WATER.—ACTION
OF PUMPS, &c.

*“We have nothing but praise for this thoroughly valuable work. The author has succeeded
in rendering his subject interesting as well as instructive.”—Practical Engineer.

‘*“Can be unhesitatingly recommended as a useful and up-to-date manual on hydraulic trans-
mission and utilisation of power.”—Mechanical Iorid

HYDRAULIC TABLES, CO-EFFICIENTS, & FORMULAZE.

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and
Rivers. With New Formulz, Tables, and General Information on Rain-fall,
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill
Power. By Joun NEgviLLE, C.E., M.R.I.LA, Third Edition, revised, with
additions. Numerous Illustrations, Crown 8vo, cloth . - . 14/0

‘It is, of all English books on the subject, the one nearest to completeness.,”—.A »chstect,

HYDRAULIC MANUAL.

Consisting of Working Tables and Explanatory Text. Intended as a Guide in
Hydraulic Calculations and Field Operations. By Lowis D’A. JACKSoON,
Author of ‘“Aid to Survey Practice,” ‘‘Modern Metrology,” &c.. Fourth
Edition, Enlarged. Large crown 8vo, cloth . : : : . 18/0

* The author has constructed a manual which may be accepted as a trustworthy guide
to this branch of the engineer's profession.” —Engineering,

WATER ENGINEERING.

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa-
tion of Water for the Supply of Towns, for Mill Power, and for other Purposes.
By CHARLES SLAGG, A.M.Inst.C.E. Second Edition. Crown 8vo,cloth. 7/8

** As a small practical treatise on the water supply of towns, and on some applications of water-
power, the work 1s in many respects excellent.” —Engineering.
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THE RECLAMATION OF LAND FROM TIDAL WATERS.

A Handbook for Engineers, Landed Proprietors, and others interested in
Works of Reclamation. By ALEx. BEazeLey, M.Inst. C.E. 8vo, cloth.

Net 10/6

* The book shows in a concise way what has to be done in reclaiming land from the sea, and

the best way of doing it. The work contains agreat deal of practical and useful information which

cannot fail to be of service to engineers entrusted with the enclosure of salt marshes, and to land-
owners intending to reclaim land from the sea.”— 7%e Engineer.

“The author has carried out his task efficiently and well, and his book contains a large

amount of information of great service to engineers and others interested in works of reclamation.”
—Nature,

MASONRY DAMS From INCEPTION To COMPLETION.

Including numerous Formulz, Forms of Specification and Tender, Pocket
Diagram of Forces, &c. For the use of Civil and Mining Engineers. By
C. F. CourTNEY, M. Inst. C.E. 8vo, cloth . : ; : F . 9/0

* The volume contains a-good deal of valuable data, Many useful suggestions will be found

in the remarks on site and position, location of dam, foundations and construction, "—Bwuilding
News,

RIVER BARS.

The Causes of their Formation, and their Treatment by ‘‘Induced Tidal
Scour ”; with a Description of the Successful Reduction by this Method of
the Bar at Dublin. By . J. MANN, Assist. Eng. to the Dublin Port and Docks
Board. Royal 8vo, cloth . . . . % 1 : . . . 7/6

* We recommend all interested in harbour works—and, indeed, those concerned in the
improvements of rivers generally—to read Mr. Mann’s interesting work.” —Engineer.

TRAMWAYS: THEIR CONSTRUCTION AND WORKING.

Embracing a Comprehensive History of the System ; with an exhaustive
Analysis of the Various Modes of Traction, including Horse Power, Steam,
Cable Traction, Electric Traction, &c.; a Description of the Varieties of
Rolling Stock; and ample Details of Cost and orking Expenses. New
Edition, Thoroughly Revised, and Including the Progress recently made in
Tramway Construction, &c., &c. By D. KINNEAR CLark, M. Inst. C.E.
With 400 Illustrations. 8vo, 780 pp., buckram. . 28/0

* The new volume is one which will rank, among tramway engineers and those interested in
tramway working, with the Author’s world-famed book on railway machinery.”—7he Engineer.

SURVEYING AS PRACTISED BY CIVIL ENGINEERS
AND SURVEYORS.

Including the Setting-out of Works for Construction and Surveys Abroad, with
many Examples taken from Actual Practice. A Handbook for use in the Field
and the Office, intended also as a Text-book for Students. By JouN WHITE-
LAW, Jun., A.M. Inst. C.E., Author of *‘ Points and Crossings.” With about
260 Illustrations. Demy 8vo, cloth . . : . i Net 10/6

““This work is written with admirable lucidity, and will certainly be found of distinct value
both to students and to those engaged in actual practice.”—Z7 /e Buzilder.

PRACTICAL SURVEYING.

A Text-Book for Students preparing for Examinations or for Survey-work in

the Colonies. By Georce W. Usir, A.M.I.C.E. With 4 Lithographic
Plates and upwards of 330 Illustrations. Seventh Edition. Including Tables

of Natural Sines, Tangents, Secants, &c. Crown 8vo, T7/@ cloth; or, on THIN
PAPER, leather, gilt edges, rounded corners, for pocket use . : . 12/8

“The best forms of instruments are described as to their construction, uses and modes

of employment, and there are innumerable hints on work and equipment such as the author, in

his experience as surveyor, draughtsman and teacher, has found necessary, and which the student
In his inexperience will find most serviceable.”—FEngineer.

“The first book which should be put in the hands of a pupil of Civil Engineering,”—
Architect.

AID TO SURVEY PRACTICE.

For Reference in Surveying, Levelling, and Setting-out ; and in Route Sur-

veys of Travellers by Land and Sea. With Tables, INMlustrations, and Records.

By Lowis D’A. JacksonN, A.M.I.C.E. Second Edition, Enlarged. 8vo,

cloth ; 4 ; : ; A " i a - : . . 12/8

*“ Mr. Jackson has produced a valuable vade-mecum for the surveyor. We can recommend

tf}'f;,,b"“" as containng an admirable supplement to the teaching of the accomplished SUrVEYOr, ==
NEUM,

**The author brhéf's to his work a fortunate union of theory and practical experience which,
aided by a clear and lucid style of writing, renders the book a very us one,”"—Builder,
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SURVEYING WITH THE TACHEOMETER.

A practical Manual for the use of Civil and Military Engineers and Surveyors.
Including two series of Tables specially computed for the Reduction of
Readings in Sexagesimal and in Centesimal Degrees. By NEeiL. KENNEDY,
M. Inst. C.E. With Diagrams and Plates. Demy 8vo, cloth. Net 10/86

* The work is very clearly written, and should remove all difficulties in the way of any surveyor
desirous of making use of this useful and rapid instrument.”—Nature.

ENGINEER’S & MINING SURVEYOR’S FIELD BOOK.

Consisting of a Series of Tables, with Rules, Explanations of Systems, and
use of Theodolite for Traverse Surveying and plotting the work with minute
accuracy by means of Straight Edge and Set Square only ; Levelling with the
Theodolite, Setting-out Curves with and without the Theodolite, Earthwork
Tables, &. By W. Davis Haskorr, C.E. With numerous Woodcuts.
Fourth Edition, Enlarged. Crown 8vo, cloth . : g 4 . 12/0

! The book is very handy ; the separate tables of sines and tangents to every minute will make
it useful for many other purposes, the genuine traverse tables existing all the same.”—A thenezum.

LAND AND MARINE SURVEYING.

In Reference to the Preparation of Plans for Roads and Railways ; Canals,
Rivers, Towns' Water Supplies; Docks and Harbours. With Description
and Use of Surveying Instruments. By W. Davis Haskorr, C.E. Second
Edition, Revised, with Additions. Large crown 8vo, cloth . : . 9/0

*This book must prove of great value to the student. We have no hesitation in recom-
mending it, feeling assured that it will more than repay a careful study.”—Meckanical World.

** A most useful book for the student. We can strongly recommend it as a carefully-written
and valuable text-book. It enjoys a well-deserved repute among surveyors.”—Builder.

PRINCIPLES AND PRACTICE OF LEVELLING.

Showing its Application to Purposes of Railway and Civil Engineering in
the Construction of Roads; with Mr. TELFORD’S Rules for the same. By
FrEDERICK W. Stmms, M. Inst. C.E. Eighth Edition, with Law’s Practical
Examples for Setting-out Railway Curves, and TRAUTWINE'S Field Practice
of Laying-out Circular Curves. With 7 Plates and numerous Woodcuts.
8vo . 3 i . : ‘ . y ‘ 3 i : y . 8/8
** The text-book on levelling in most of our engineering schools and colleges,”—Engineer.

*The publishers have rendered a substantial service to the profession, especially to the
younger members, by bringing out the present edition of Mr. Simms's usefil work."—Engineering.,

AN OUTLINE OF THE METHOD OF CONDUCTING
A TRIGONOMETRICAL SURVEY.

For the Formation of Geographical and Topographical Maps and Plans, Mili-
tary Reconnaissance, LEVELLING, &c., with Useful Problems, Formulz,
and Tables. By Lieut.-General Fromg, R.E. Fourth Edition, Revised and
partly Re-written by Major-General Sir CHARLES WaggreN, G.C.M.G., R.E.
With 19 Plates and 115 Woodcuts, royal 8vo, cloth . . . . 18/0

** No words of praise from us can strengthen the position so well and so steadily maintained
by this work. Sir Charles Warren has revised the entire work, and made such additions as were
n=cessary to bring every portion of the contents up to the present date.”—ZBroad Arrow,

TABLES OF TANGENTIAL ANGLES AND MULTIPLES
FOR SETTING-OUT CURVES.

From 5 to 200 Radius. By A. Beazerev, M. Inst. C.E. 6th Edition,
Revised. With an Appendix on the use of the Tables for Measuring up
Curves. Printed on 50 Cards, and sold in a cloth box, waistcoat-pocket size.
3/6
* Each table is printed on a small card, which, placed on the theodolite, leaves the hands free

to manipulate the instrumeént—no small advantage as regards the rapidity of work.”—Engineer,

** Very handy : a man-may know that all his day’s work must fall on two of these cards, which
he puts Into his own card-case, and leaves the rest behind,”—.4 thenens,

HANDY GENERAL EARTH-WORK TABLES.

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and
Embankments from 3 inches to 8o feet in Depth or Height, for use with either

66 fest Chain or 100 feet Chain. By J. H. WaTson Buck, M. Inst. C.E.,
On a Sheet mounted in cloth case . ; : . ; . : . 3/8
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EARTHWORK TABLES.

Showing the Contents in Cubic Yards of Embankments, Cuttings, &c.,
Heights or Depths up to an average of 8o feet. By JosepH BroapsenT, C.E.,
and Francis Camrin, C.E. Crown 8vo, cloth : ; : : . 5/0

* The way in which accuracy is attained, by a simple division of each cross section into three
elements, two in which are constant and one variable, is ingenious.”—dA fzenewn.

A MANUAL ON EARTHWORK.

By ArLex. J. Grauam, C.E. With numerous Diagrams. Second Edition.
18mo, cloth : ¢ A . . : . . ‘ : . 2/8

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS.

A Practical and Theoretical Essay. By J. H. WaTson Buck, M. Inst. C.K.,
Resident Engineer, L. and N. W. R. With Folding Plates, 8vo, cloth 12/0

* Many of the methods given are of extreme practical value to the mason, and the observa-
tions on the form of arch, the rules for ordering the stone, and the construction of the templates,
will be found of considerable use. We commend the book to the engineering profession,”—
Butlding News.

i ﬁfﬂl be regarded by civil engineers as of the utmost value, and calculated to save much
time and obviate many mistakes.”"—Colliery Guardian.

CAST & WROUGHT IRON BRIDGE CONSTRUCTION

(A Complete and Practical Treatise on), including Iron Foundations. In
Three Parts.—Theoretical, Practical, and Descriptive. By WiLLiam HUMBER,
A. M. Inst. C.E., and M. Inst. M.E. Third Edition, revised and much im-
proved, with 115 Double Plates (20 of which now first appear in this edition),
and numerous Additions to the Text. In 2 vols.,, imp. 4to, half-bound in

morocco . - X : ; . ; ¥ . . £6 16s. 6b.

** A very valuable contribution to the standard literature of civil engineering. In addition to
elevations, plans, and sections, large scale details are given, which very much enhance the
instructive worth of those illustrations.”—Ciwil Engineer and Architect's Fournal.

“Mr. Humber's stately volumes, lately issued—in which the most important bridges
erected during the last five years, under the direction of the late Mr. Brunel, Sir W. Cubitt,
Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most eminent
engineers, are drawn and specified in great detail.” —ZEngineer,

ESSAY ON OBLIQUE BRIDGES

(Practical and Theoretical). With 13 large Plates. By the late GEoRrGE
Watson Buck, M.I.C.E. Fourth Edition, revised by his Son, J. H. WaTsoN
Buck, M.I.C.E.; and with the addition of Description to Diagrams for
Facilitating the Construction of Oblique Bridges, by W. H. BarrLow, M.I.C.E.
Royal 8vo, cloth . : ; . ; . . ; . . . 12/0

*“The standard text-book for all engineers regarding skew arches is Mr. Buck’s treatise,
and it would be impossibleto consult a better.” —FEngineer.

“ Mr. Buck’s treatise is recognised as a standard text-book, and his treatment has divested
the subject of many of the intricacies supposed to belong to it. As a guide to the engineer and
architect, on a confessedly difficult subject, Mr. Buck’s work is unsurpassed.”—Bwzlding News.

THE CONSTRUCTION OF OBLIQUE ARCHES

(A Practical Treatise on). By Joun Hart. Third Edition, with Plates.
Imperial 8vo, cloth . . b . . . : . . : . 80

GRAPHIC AND ANALYTIC STATICS.

In their Practical Application to the Treatment of Stresses in Roofs Solid
Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and
Piers, and other Frameworks. By R. Hubson Grauam, C.E. Containing
Diagrams and Plates to Scale. With numerous Examples, many taken from
existing Structures. Specially arranged for Class-work in Colleges and
Universities. Second Edition, Revised and Enlarged. 8vo,cloth . 16/0

% Mr. Graham’'s book will find a place wherever graphic and analytic statics are used or
studled.” —Engineer,

“The work is excellent from a practica point of view, and has evidently been prepared
with much care. The directions for working are ample, and are illustrated by an abundance of
well-selected examples. It is an excellent text-book for the practical draughtsman.”—d thenazum,

WEIGHTS OF WROUGHT IRON & STEEL GIRDERS.

A Graphic Table for Facilitating the Computation of the Weights of Wrought
Iron and Steel Girders, &c., for Parliamentary and other Estimates, By
J. H. WaTson Buck, M. Inst. C.E. On a Sheet ' S . 2/6
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GEOMETRY FOR TECHNICAL STUDENTS.

An Introduction to Pure and Applied Geometr i

1 to ‘ y and the M t
Surfaces and Solids, including Problems in Plane Geometry usefu?r;iugral.(\::\gngf
By E. H. SPrAGUE, A.M.I1.C.E. Crown 8vo, cloth. [/Just Published. Ner 1/0

PRACTICAL GEOMETRY.

For the Architect, Engineer, and Mechanic. Givin i i
rchit _ A g Rules for the Delineation

and Application of various Geometrical Lines, Fi

E. W. TarN, M.A,, Architect. 8vo, cloth . = . gur.es, a:nd (‘:urVF:s. 9?5

‘ No book with the same objects in view has ever been publi
1 : - _ ished in
the rules laid down and the illustrative diagrams have been so Eatisfa.ctory."jgggtt}rgfnfﬂeamess e

THE GEOMETRY OF COMPASSES.

Or, Problems Resolved by the mere Description of Circles and the Use of

Coloured Diagrams and Symbols. B
Gtoms v, ct ymbols y OLiver Byrne. Coloured Plgfg

EXPERIMENTS ON THE FLEXURE OF BEAMS
Resulting in the Disc f New L f Fail i
E.Gov. Mediumvo,cloth, Lt Pubikehed T G

HANDY BOOK FOR THE CALCULATION OF STRAINS

In Girders and Similar Structures and their Stren isti

_ 3 _ gth. Consisting of F 1
and Corresponding Diagrams, with numerous details for Pracgcal i;rpnlﬁ:?
tion, &c. By WiLLiam HuMmser, A. M. Inst. C.E., &c. Fifth Edition.

Crown 8vo, with nearly 100 Woodcuts and 3 Plates, cloth . 7/8
** The formula are neatly expressed, and the dia 4 . p
: : . grams good.” —A thenazumn
“*We heartil i :
By Me::kanz’c.y commend this really Zandy book to our engineer and architect readers.”—

TRUSSES OF WOOD AND IRON.

Practical Applications of Science in Determinin i

( ; g the Stresses, Break
Weights, Safe Loads, Scantlings, and Details of Construction. With C;frz:pll:tge
Working Drawings. By WiLLiam GrIFFITHS, Surveyor. 8vo, cloth 4/8

*This handy little book enters so minutely into every detail connected

struction of roof trusses that no student need be ignorant of these matters,”— B o

Practical Engineer,

THE STRAINS ON STRUCTURES OF IRONWORK.

With Practical Remarks on Iron Construction. By F.
e et : ; ruction y.F W SH.EILD.S, Mlg%

A TREATISE ON THE STRENGTH OF MATERIALS.

With Rules for Application in Architecture, the Construction of Suspens;

Bridges, Railways, &c. By PETER BarLow, F.R.S. A new Edition I;e?r?;gg
by his Sons, P. W. Barrow, F.R.S., and W. H. Barrow, F.R.S. ; to which
are added, Experiments by HODGKINSON, FAIRBAIRN, and KIRKALDY ; and
Formule for calculating Girders, &c. Edited by Wm. HumEBER, A.M.I.’C E
8vo, 400 pp., with 19 Plates and numerous Woodcuts, cloth . . = 3 8/0

" Valuable alike to the student, tyro, and the experienced practiti
; 1 i ’ h oner
in future as it has hitherto done, as the standard treatise on that parlzicular subjé

SAFE RAILWAY WORKING.

A Treatise on Railway Accidents, their Cause and Prevention: with

scription of Modern Appliances and Systems. By CLEMENT E. gv'Il‘RETaT]gIE.
C.E. With Illustrations and Coloured Plates. ~ Third Edition Enlarged’
Crown 8vo, cloth ; ‘ : - = S/é

““A book for the engineer, the directors, the I;lanag.ers- and 11-1 shox:t all i
information on railway matters will find a perfect encyclopaedia in "Safe Raﬁwangrﬁn?’ff

it will always rank
ct."—ZEngineer,

Railway Review.

EXPANSION OF STRUCTURES BY HEAT.

By Joun KeiLy, C.E., late of the Indian Public Works Department. Crown
8vo, cloth . S e ; 5 . i . 3/8

‘“ The alm the author has set before him, viz., to show ;he effects of h i
other structures, is a laudable one, for this is a b;'anch of physics upon :g.ltcgp&r; xggtg%gferand
architect can find but little reliable and comprehensive data in books."—Bwuiider, =
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PUBLICATIONS OF THE ENGINEERING
STANDARDS COMMITTEE.

THE ENGINEERING STANDARDS COMMITTEE is the outcome of a
Committee appointed by the Institution of Civil Engineers at the instance
of Sir John Wolfe Barry, K.C.B., to inquire into the advisability of
Standardising Rolled Iron and Steel Sections.

The Committee is supported by the Institution of Civil Engineers, the
Institution of Mechanical Engineers, the Institution of Naval Architects,
the Iron and Steel Institute, and the Institution of Electrical Engineers ;
and the value and importance of its labours has heen emphatically
recognised by his Majesty's Government, who have made a liberal grant
from the Public Funds by way of contribution to the financial resources of
the Committee.

The subjects already dealt with, or under consideration by the
Committee, include not only Rolled Iron and Steel Sections, but Tests
for Iron and Steel Material used in the Construction of Ships and their
Machinery, Bridges and General Building Construction, Railway Rolling
Stock Underframes, Component Parts of I.ocomotives, Railway and
Tramway Rails, Electrical Plant, Insulating Materials, Screw Threads and
Limit Gauges, Pipe Flanges, Cement, &c.

Reports already Published :—

1. BRITISH STANDARD SECTIONS.

List 1. EQuAL ANGLES.—List 2. UNEQUAL ANGLES.—List 3. BULB ANGLES.
List 4. Bure Tees.—List 5. BuLe PLAaTEs.—List 7. . CHANNELS.—List 8.
Beawms, F’cap. folio, sewed. [Just Published. Net ||Q

2. BRITISH STANDARD TRAMWAY RAILS AND FISH
PLATES : STANDARD SECTIONS AND SPECIFICATION,

F’cap. folio, sewed. [Just Published. Net 21/0

3. REPORT ON THE INFLUENCE OF GAUGE LENGTH
AND SECTION OF TEST BAR ON THE PERCENTAGE OF
 ELONGATION.

By Professor W. C. Unwin, F.R.S. F’cap. folio, sewed.
[Just Published. Net 2/6

4. PROPERTIES OF STANDARD BEAMS.

Demy 8vo, sewed, [Just Published. Net 1/Q
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MARINE ENGINEERING, SHIPBUILDING,
NAVIGATION, ETC.

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S

POCKET=B0OOK of Formulz, Rules, and Tables, and Marine Engineer’s and
Surveyor’s Handy Book of Reference. By CrLEMENT Mackrow, M.I.N.A.
Eighth Edition, Carefully Revised and Enlarged. Fcap., leather. Nez 12/8

SUMMARY OF CONTENTS:—SIGNS AND SYMBOLS, DECIMAL FRACTIONS.—TRIC O-
NOMETRY.—PRACTICAL GEOMETRY.—MENSURATION.—CENTRES AND MOMENTS OF
FIGURES. —MOMENTS OF INERTIA AND RADII OF GYRATION.—ALGEBRAICAL EXPRESSIONS
FOR SIMPSON'S RULES.—MECHANICAL PRINCIPLES.—CENTRE OF GRAVITY.—LAWS OF
MOTION —DISPLACEMENT, CENTRE OF BUOYANCY.—CENTRE OF GRAVITY OF SHIP'S
HULL.—STABILITY CURVES AND METACENTRES.—SEA AND SHALLOW-WATER WAVES,
—ROLLING OF SHIPS.—PROPULSION AND RESISTANCE OF VESSELS.—SPEED TRIALS.—
SAILING CENTRE OF EFFORT.—DISTANCES DOWN RIVERS, COAST LINES.—STEERING AND
RUDDERS OF VESSELS.—ILLAUNCHING CALCULATIONS AND VELOCITIES.—WEIGHT OF
MATERIAL AND GEAR.— GUN PARTICULARS AND WEIGHT.— STANDARD GAUGES. —
RIVETED JOINTS AND RIVETING.—STRENGTH AND TESTS OF MATERIALS,—BINDING
AND SHEARING STRESSES, &c.—STRENGTH OF SHAFTING, PILLARS, WHEELS, &c.—
HYDRAULIC DATA, &c.— CONIC SECTIONS, CATENARIAN CURVES. — MECHANICAL
POWERS, WORK.—BOARD OF TRADE REGULATIONS FOR BOILERS AND ENGINES.—BOARD
OF TRADE REGULATIONS FOR SHIPS.—LLOYD'S RULES FOR BOILERS.—LLOYD'S WEIGHT
OF CHAINS.—LLOYD'S SCANTLINGS FOR SHIPS.—DATA OF ENGINES AND VESSELS.—
SHIPS' FITTINGS AND TESTS.—SEASONING PRESERVING TIMBER.—MEASUREMENT OF
TIMBER.—ALLOYS, PAINTS, VARNISHES.—DATA FOR STOWAGE.—ADMIRALTY TRANS-
PORT REGULATIONS. —RULES FOR HORSE-POWER, SCREW PROPELLERS, &c.— PER-
CENTAGES FOR BUTT STRAPS, &c.—PARTICULARS OF YACHTS.—MASTING AND RIGGING
VESSELS.—DISTANCES OF FOREIGN PORTS,—TONNAGE TABLES.—VOCABULARY OF
FRENCH AND ENGLISH TERMS. — ENGLISH WEIGHTS AND MEASURES, — FOREIGN
WEIGHTS AND MEASURES.—DECIMAL EQUIVALENTS.—FOREIGN MONEY.—DISCOUNT
AND WAGES TABLES.—USEFUL NUMBERS AND READY RECKONERS.—TABLES OF
CIRCULAR MEASURES.—TABLES OF AREAS OF AND CIRCUMFERENCES OF CIRCLES.—
TABLES OF AREAS OF SEGMENTS OF CIRCLES.—TABLES OF SQUARES AND CUBES AND
ROOTS OF NUMBERS.—TAEBLES OF LOGARITHMS OF NUMBERS.—TABLES OF HYPER-
BOLIC LOGARITHMS.—TABLES OF NATURAL SINES, TANGENTS, &c.—TABLES OF
LOGARITHMIC SINES, TANGENTS, &c.

‘* In these days of advanced knowledge a work like this is of the greatest value. It contains
a vast amount of information. We unhesitatingly say that it is the most valuable compilation for its
specific purpose that has ever been printed. No naval architect, engineer, surveyor, seaman,
wood or iron shipbuilder, can afford to be without this work.”"—Nawu#ical Magazine.

“ Should be used by all who are engaged in the coenstruction or design of vessels., . . . Will
be found to contain the raost useful tables and formulz required by shipbuilders, carefully collected
from the best authorities, and put together in a popular and simple form. The book is one of
exceptional merit.”—Engineer.

“ The professional shipbuilder has now, in a convenient and accessible form, reliable data for
solving many of the numerous problems that present themselves in the course of his work.”—/7o7z.

*There is no doubt that a pocket-book of this description must be a necessity in the ship-
building trade. .. The volume contains a mass of useful information clearly expressed and
presented in a handy form.”—Marine Engineecr.

WANNAN’S MARINE ENGINEER’S GUIDE

To Board of Trade Examinations for Certificates of Competency. Containing
all Latest Questions to Date, with Simple, Clear, and Correct Solutions ;
3oz Elementary Questions with Illustrated Answers, and Verbal Questions
and Answers; complete Set of Drawings with Statements completed. By
A. C, WannaN, C.E., Consulting Engineer,and E. W. I. Wannan, M.I.M.E,,
Certificated First Class Marine Engineer. With numerous Engravings. Third
Edition, Enlarged. 500 pages. Large crown 8vo, cloth . . WNet 10/6

“The book is clearly and plainly written and avoids unnecessary explanations and formulas,
and we consider it a valuable book for students of marine engineering."—Nawtical Magazine,

WANNAN’S MARINE ENGINEER’S POCKET=-BOOK.

Containing Latest Board of Trade Rules and Data for Marine Engineers.
By A. C. WannaN., Third Edition, Revised, Enlarged, and Brought up to
Date. Square 18mo, with thumb Index, leather. [ Just Published. 8|0

“There is a great deal of useful information in this little pocket-book. It is of the rule of
thumb order, and is, on that account, weil adapted to the uses of the sea-going engineer.”—
Engineer

THE SHIPBUILDING INDUSTRY OF GERMANY.

Compiled and Edited by G. LEuamaNN-FeLskowskl. With Coloured Prints
Art Supplements, and numerous Illustrations throughout the text. Sup
royal 4to cloth, [Just Published. Net 1€

L. B
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SEA TERMS, PHRASES, AND WORDS

(Technical Dictionary of) used in the English and French Languages
English-French, French-English). For the Use of Seamen, Engineers, Pilots,
hipbuilders, Shipowners, and Ship-brokers. Compiled by W. PIRrIE, late of

the African Steamship Company. Fcap. 8vo, cloth limp : v . 5/0

**This volume will be highly appreciated by seamen, engineers, pilots, shipbuilders and ship-
owners. It will be found wonderfully accurate and complete.”—Scozsman.

‘“ A very useful dictionary, which has long been wanted by French and English engineers,
masters, officers and others.”"—Shzpping World.

ELECTRIC SHIP-LIGHTING.

A Handbook on the Practical Fitting and Running of Ships’ Electrical Plant,
for the Use of Shipowners and Builders, Marine Electricians and Sea-going
Engineers in Charge. By J. W. UrQuHART, Author of ‘ Electric Light,”
“ Dynamo Construction,” &ec. Second Edition, Revised and Extended.
With numerous Illustrations. Crown 8vo, cloth . ] . . . 7/6

MARINE ENGINEER’S POCKET-BOOK.

Consisting of useful Tables and Formuiz. By Frank ProcTor, A.I.N.A.
Third Edition. Royal 32mo, leather. 5 : . . . . 4/0

** We recommend it to our readers as going far to supply a long-felt want.”—Nawval Science.
*“ A most useful companion to all marine engineers.”'—United Service Gazette.

ELEMENTARY MARINE ENGINEERING.

A Manual for Young Marine Engineers and Apprentices. In the Form of
Questions and Answers on Metals, Alloys, Strength of Materials, Construction
and Management of Marine Engines and Boilers, Geometry, &c. With
an Appendix of Useful Tables. By J. S. BREwgEr. Crown 8vo, cloth 1/6

‘“ Contains much valuable information for the class for whom it isi tended, especially in the
chapters on the management of boilers and engines.”—Nawtical Magazine.

MARINE ENGINES AND STEAM VESSELS.

A Treatise on. By RoBerT Murrayvy, C.E. Eighth KEdition, thoroughly
Revised, with considerable Additions by the Author and by GEORGE
CARLISLE, C.E., Senior Surveyor to the Board of Trade at Liverpool. Crown
8vo, cloth . . g 3 ! § . . 3 3 : . . 4/8

PRACTICAL NAVIGATION.

Consisting of THE SaiLor’s SEA-Book, by JameEs GREENwooDp and W. H.
RosSER ; together with the requisite Mathematical and Nautical Tables for
the Working of the Problems, by HeENry Law, C.E., and Professor J. R.
YounG. Illustrated. 12mo, strongly half-bound . . i . . 7/0

THE ART AND SCIENCE OF SAILMAKING.

By SamueL B. SADLER, Practical Sailmaker, late in the employment of
Messrs. Ratsey and Lapthorne, of Cowes and Gosport. With Plates and
other Illustrations., Small 4to, cloth . " - 9 ; : . 12/86
** This extremely practical work gives a complete education in all the branches of the manu.-

tacture, cutting out, roping, seaming, and goring. It is copiously illustrated, and will form a first-
rate text-book and guide.”—Portsmouth Times,

CHAIN CABLES AND CHAINS.

Comprising Sizes and Curves of Links, Studs, &c., Iron for Cables and Chains,
Chain Cable and Chain Making, Forming and Welding Links, Strength of
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests,
Charges for Testing, List of Manufacturers of Cables, &c., &c. By
Tromas W. Trairr, F.E.R.N., M.Inst.C.E., Engineer-Surveyor-in-Chief,
Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments,
and General Superintendent Lloyd’'s Committee on Proving Establishments.
With numerous Tables, Illustraticns, and Lithographic Drawings. Folio,
cloth, bevelled boards. . ; . : . e Uy . £2 2s.

* It contains a vast amount of valuable information, Nothing seems to be wanting to make it
a complete and standard work of reference on the subject.”—Nausical Magazine,
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MINING, METALLURGY, AND
COLLIERY WORKING.

THE OIL FIELDS OF RUSSIA AND THE RUSSIAN
PETROLEUM INDUSTRY.

A Practical Handbook on the Exploration, Exploitation, and Management
of Russian Oil Properties, including Notes on the Origin of Petroleum in
Russia, a Description of the Theory and Practice of Liquid Fuel, and a
Translation of the Rules and Regulations concerning Russian Oil Properties.
By A. Beesy TuHompson, A.M.I.M.E., late Chief Engineer and Manager of
the European Petroleum Company’s Russian Oil Properties. About 500 pp.
With numerous Illustrations and Photographic Plates, and a Map of the
Balakhany-Saboontchy-Romany Oil Field. Super-royal 8vo, cloth.

[ Just Published. Net £3 3s.

MACHINERY FOR METALLIFEROUS MINES.

A Practical Treatise for Mining Engineers, Metallurgists, and Managers of
Mines. By E. HEnxry Davies, M.E., F.G.S. 6oo pp. With Folding Plates

_ and other Illustrations. Medium 8vo, cloth Net 25/0

“ Deals exhaustively with the many and complex details which go to make up the sum total of
machinery and other requirements for the successful working of Jr_1eta1hfe1;9us mines, and as a book
of ready reference is of the highest value to mine managers and directois.” —Mening Fournal.

THE DEEP LEVEL MINES OF THE RAND,

And their Future Development, considered from the Commercial Point of View.
By G. A. DEnNY (of Johannesburg), M.N.E.I.M.E., Consulting Engineer to
the General Mining and Finance Corporation, Ltd., of London, Berlin, Paris,
and Johannesburg. Fully Illustrated with Diagrams.and Folding Plates.
Royal 8vo, buckram ‘ 3 : ‘ ‘ . ; . . Net 285/0

‘¢ Mr. Denny by confining himself to the consideration of the future of the deep-level mines
of the Rand breaks new ground, and by dealing with the subject rather from a comiercial stand-
point than from a scientific one, appeals to a widecircle of readers., The book cannot fail te prove
of very great value to investors in South African mines.”—Mining Fournal.

PROSPECTING FOR GOLD.

A Handbook of Information and Hints for Prospectors based on Personal
Experience. By Danier J. Ranxkin, F.R.5.G.S., M.R.A.S., formerly
Manager of the Central African Company, and Leader of African Gold Pros-
pecting Expeditions. With Illustrations specially Drawn and Engraved for
the Work  F’cap. 8vo, leather. 3 : g : ‘ Net T/6

“ This well-compiled book contains a collection of the richest gems of useful knowledge for
the prospector’s benefit. A special table is given to accelerate the spotting at a glance of minerals
associated with gold.”—Mining Fournal,

THE METALLURGY OF GOLD.

A Practical Treatise on the Metallurgical Treatment ot Gold-bearing Ores.
Including the Assaying, Melting, and Refining of Gold. By M. EissLER,
M, Inst. M.M. Fifth Edition, Enlarged. With over 3oo Illustrations and
numerous Folding Plates. Medium 8vo, cloth ; ‘ . . Vet 21/0

i This buok thoroughly deserves its title of a ‘ Practical Treatise.” The whole process of gold
mining, }‘rglr; tﬁe br:?,akingg c>ty the quartz to the assay of the -bt’l;lhon, is descrlbeq in clear and orderly
narrative and with much, but not too much, fulness of detail.”—Saturday Review.

THE CYANIDE PROCESS OF GOLD EXTRACTION.

And its Practical Application on the Witwatersrand Gold Fields and elsewhere.
B; M. EisSLER, l\/}).plnst. M.M. With Diagrams and Working Drawings.
Third Edition, Revised and Enlarged. 8vo, cloth . ! . . Net7/6

; i i . A . ¥y

“ This book is just what was needed to acquaint mining men with the actual working o
process which is not only the most popular, but is, as a general rule, the most successful for the
extraction of gold from tailings.”"—Mining Fournal.

DIAMOND DRILLING FOR GOLD & OTHER MINERALS.

" A Practical Handbook on the Use of Modern Diamond Core Dirills in Pro-
specting and Exploiting Mineral-Bearing Properties, including Particulars of
the Costs of Apparatus and Working. By G. A. DExNY, M.N.E. Inst. M.E.,
M. Inst. M.M. Medium 8vo, 168 pp., with Illustrative Diagrams . 12/6

“ There is certainly scope for a work on ditamond drilling, and Mr, Denny deserves grateful
recognition for supplying a decided want.”—Mining Fournal,
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GOLD ASSAYING.

A Practical Handbook for Assayers, Bankers, Chemists, Bullion Smelters,
Goldsmiths, Mining and Metallurgical Engineers, Prospectors, Students, and
others. By H. Josnua Puirries, F.I1.C., F.C.S.,, A.I.C.E., Author of
“ Engineering Chemistry,” etc. Large Crown 8vo, cloth.

[Just ready, price about 7|6 net.

FIELD TESTING FOR GOLD AND SILVER.

A Practical Manual for Prospectors and Miners. By W. H. MERRITT,
M.N.E. Inst. M.E., A.R.S.M., &c. With Photographic Plates and other
Illustrations.  Fcap. 8vo, leather . : : ; : . Net 51O

““As an instructor of prospectors’ classes Mr. Merritt has the advantage of knowing
exactly the information likely to be most valuable to the miner in the field. The contents cover
all the details of sampling and testing gold and silver ores. A useful addition to a prospector’s
kit."—Mining Fournal,

THE PROSPECTOR’S HANDBOOK.

A Guide for the Prospector and Traveller in search of Metal-Bearing or other
Valuable Minerals. By J. W. AnpERrRsON, M.A. (Camb.), F.R.G.S. Ninth
Edition. Small crown 8vo, 8/8 cloth ; or, leather i - : . 4/86

“ Will supply a much-felt want, especially among Colonists, in whose way are so often thrown
many mineralogical specimens the value of which it is difficult to determine.”—Zngineer.

“ How to find commercial minerals, and how to identify themn when they are found, are the
leading points to which attention is directed. The author has managed to pack as much practical
detail into his pages as would supply material for a book three timesa-%ts size.” —Mining Fournal,

THE METALLURGY OF SILVER.

A Practical Treatise on the Amalgamation, Roasting, and Lixiviation of Silver
Ores. Including the Assaying, Melting, and Refining of Silver Bullion. By
M. EissLER, M. Inst. M.M. Third Edition. Crown 8vo, cloth . 10/6

“ A practical treatise, and a technical work which we are convinced will supply a long-feit
want amongst practical men, and at the same time be of value to students and others indirectly
connected with the industries.,” —Mining Fournal.

THE HYDRO-METALLURGY OF COPPER.

Being an Account of Processes Adopted in the Hydro-Metallurgical Treat-
ment of Cupriferous Ores, Including the Manufacture of Copper Vitriol, with
Chapters on the Sources of Supply of Copper and the Roasting of Copper Ores.
By M. EissLER, M. Inst. M.M. 8vo, cloth . : . . Net 12/9

_““In this volume the various processes for the extraction of copper by wet methods are fully
detailed. Costs are given when available, and a great deal of useful informatisn about the copper
industry of the world is presented in an interesting and attractive manner.”—Mening Fournal.

THE METALLURGY OF ARGENTIFEROUS LEAD.

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of
Lead Bullion. Including Reports on various Smelting Establishments and
Descriptions of Modern Smelting Furnaces and Plants in Europe and America.
By M. EissLEr, M. Inst. M.M., Author of * The Metallurgy of Gold,” &c.
Crown 8vo, 400 pp., with 183 Illustrations, cloth . : . ‘ . 12/8

“ The numerous metallurgical processes, which are fully and extensively treated of, embrace
all the stages expenqnced in the passage of the lead from the various natural states to its issue from
the refinery as an article of connmerce.”—Practical Engineer,

METALLIFEROUS MINERALS AND MINING.

By D. C. Davies, F.G.S. Sixth Edition, thoroughly Revised and much
Enlarged by his Son, E. HENrY Davies, M.E., F.G.S. 6oo pp., with 173
Illustrations. Large crown 8vo, cloth : " - . ; Net 12/8

“ Neither the practical miner nor the general reader, interested in mines, can have a better
book for his companion and his guide.” —Minizng Fournal.

EARTHY AND OTHER MINERALS AND MINING.

By D. C. Davies, F.G.S., Author of *‘ Metalliferous Minerals,” &c. Third
Edition, Revised and Enlarged by his Son, E. HENrY Davies, M.E., F.G.S.
With about 100 Illustrations. Crown 8vo, cloth . . : ” . 12/8

“ We do not remember to have met with any English work on mining matters that contains
the same amount of information packed in equally convenient form,”—4 cadernzy.

BRITISH MINING.

A Treatise on the History, Discovery, Practical Development, and Future
Prospects of Metalliferous Mines in the United Kingdom. By RoOBERT
HunT, F.R.8., late Keeper of Mining Records. Upwards of gso pp., with
230 Illustrations. Second Edition, Revised. Super-royal 8vo, cloth £2 2s,
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POCKET-BOOK FOR MINERS AND METALLURGISTS.

Comprising Rules, Formula, Tables, and Notes for Use in Field and Office
Work. By F. DanvErRs POwER, F.G.S., M.E. Second Edition, Corrected.
Fcap. 8vo, leather . . . . ; . . 9/0

“This excellent book is an admirable example of its kind, and ought to find a large sale
amongst English-speaking prospectors and mining engineers.”—&nginecring,

THE MINER’S HANDBOOK.

A Handy Book of Reference on the subjects of Mineral Deposits, Mining
Operations, Ore Dressing, &c. For the Use of Students and others interested
in Mining Matters. Compiled by Joun MiLNE, F.R.S., Professor of Mining
in the Imperial University of Japan. Third Edition. Fcap. 8vo, leather 7/8

“Professor Milne's handbook is sure to be received with favour by all connected with
mining, and will be extremely popular among students.”—d Z&zenezwm.,

IRON ORES of GREAT BRITAIN and IRELAND.

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for
and Working Them. With a Notice of some of the Iron Ores of Spain. By
J. D. KenpaLL, F.G.S., Mining Engineer. Crown 8vo,cloth . . 16/0

MINE DRAINAGE.

A Complete Practical Treatise on Direct-Acting Underground Steam
Pumping Machinery. By StepuEN MicHELL. Second Edition, Re-written
and Enlarged. With 250 Illustrations. Royal 8vo, cloth : Net 25/0

HORIZONTAL PUMPING ENGINES.—ROTARY AND NON-ROTARY HORIZONTAL
ENGINES,—SIMPLE AND COMPOUND STEAM PUMPS.—VERTICAL PUMPING ENGINES.—
ROTARY AND NON-ROTARY VERTICAL ENGINES.— SIMPLE AND COMPOUND STEAM
PUMPS. — TRIPLE-EXPANSION STEAM PUMPS. — PULSATING STEAM PUMPS. — PUMP
VALVES.—SINKING PUuMPS, &c., &c.

“This volume contains an immense amount of important and interesting new matter,
The book should undoubtedly prove of great use to all who wish for information on the sub-
ject.’—The Engineer.

ELECTRICITY AS APPLIED TO MINING.

By ArnorLp Lupron, M.Inst.C.E., M.I.M.E., M.LLE.E., late Professor of
Coal Mining at the Yorkshire College, Victoria University, Mining Engineer
and Colliery Manager; G. D. AsriNaLL Parr, M.LE.E., AM.LLM.E,,
Associate of the Central Technical College, City and Guilds of London, Head
of the Electrical Engineering Department, Yorkshire College, Victoria
University ; and HeErBerT PerkIN, M.I.M.E., Certified Colliery Manager,
Assistant Lecturer in the Mining Department of the Yorkshire College,
Victoria University. With about 170 Illustrations. Medium 8vo, cloth.

Net 9/0

(For SUMMARY OF CONTENTS, see page 23.)

THE COLLIERY MANAGER’S HANDBOOK.

A Comprehensive Treatise on the Laying-out and Working of Collieries,
Designed as a Book of Reference for Colliery Managers, and for the Use of Coal
Mining Students preparing for First-class Certificates. By CALEB PAMELY,
Mining Engineer and Surveyor ; Member of the North of England Institute of
Mining and Mechanical Engineers ; and Member of the South Wales Institute
of Mining Engineers. With 700 Plans, Diagrams, and other Illustrations.
Fourth Edition, Revised and Enlarged. 964 pp. Medium 8vo, cloth £1 8&s.

GEOLOGY.—SEARCH FOR COAL.—MINERAL LEASES AND OTHER HOLDINGS.—
SHAFT SINKING.—FITTING UP THE SHAFT AND SURFACE ARRANGEMENTS.—STEAM
BOILERS AND THEIR FITTINGS.—TIMBERING AND WALLING.— NARROW WORK AND
METHODS OF WORKING. — UNDERGROUND CONVEYANCE. —DRAINAGE.—THE GASES
MET WITH IN MINES; VENTILATION. — ON THE FRICTION OF AIR IN MINES. — THE
PRIESTMAN OIL ENGINE; PETROLEUM AND NATURAL GAS. — SURVEYING AND
PLANNING.—SAFETY LAMPS AND FIREDAMP DETECTORS.—SUNDRY AND INCIDENTAL
OPERATIONS AND APPLIANCES.—COLLIERY EXPLOSIONS.—MISCELLANEOUS QUESTIONS
AND ANSWERS.—dAdpgpendix: SUMMARY OF REPORT OF H.M. COMMISSIONERS ON
ACCIDENTS IN MINES.

“ Mr, Pamely’s work is eminently suited to the purpose or which it is intended, being clear,
Interesting, exhaustive, rich in detail, and up to date, giving descriptions of the latest machines in
every ac:lepartment. A mining engineer could scarcely go wrong who followed this work.”—Coliier y
Guardian. /

“ Mr. Pamely has not only given us a comprehensive reference book of a ve;-& high order
suitable to the requirements of mining engineers and colliery managers, but has also provided
mining students with a class-book that is as interesting as it is instructive.”—Colliery Manager.

“ This is the most complete ‘all-round work on coal-mining published in the English
language. . . . No library of coal-mining books is complete without it."—Colliery ZEngineer
(Scranton, Pa., U.S.A.).
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COLLIERY WORKING AND MANAGEMENT.

Comprising the Duties of a Colliery Manager, the Oversight and Arrange-
ment of Labour and Wages, and the different Systems of Working Coal
Seams. By H. F. BuLman and R. A. S. REDMAYNE. 350 pp., Wwith
28 Plates and other Illustrations, including Underground Photographs.
Medium 8vo, cloth. 15/0

#This is, indeed, an admirable Handbook for Collier{;LManagers, in fact it is an indispensable
adjunct to a Colliery Manager's education, as well as being a most useful and interesting work
on the subject for all who in any way have to do with coal mining. The underground photographs
are an attractive feature of the work, being very lifelike and necessarily true representations of the
scenes they depict.”—Colliery Guardian.

“ Mr. Bulman and Mr. Redmayne, who are both experlenced Colliery Managers of great
literary ability, are to be congratulated on having supplied an authoritative work dealing with a side
of the subject of coal mining which has hitherto received but scant treatment. The authors
elucidate their text by 119 woodcuts and 28 plates, most of the latter being admirable reproductions
of photographs taken underground with the aid of the magnesium flash-light. These illustrations
are excellent.”—Nature,

'COAL AND COAL MINING.

By the late Sir WariNGToN W. SmyTH, M.A,, F.R.S., Chief Inspector of the
Mines of the Crown and of the Duchy of Cornwall. Eighth Edition, Revised
and Extended by T. ForsTErR BrownN, Mining and Civil Engineer, Chief
Inspector of the Mines of the Crown and of the Duchy of Cornwall. Crown

8vo, cloth.
“ As an outline is given of every known coal-field in this and other countries, as well as of the
principal methods of working, the book will doubtless interest a very large number of readers.”—
Mining Fournal,

NOTES AND FORMULAZ FOR MINING STUDENTS.

By Joun HERMAN MERIVALE, M.A., Late Professor of Mining in the Durham
College of Science, Newcastle-upon-Tyne. Fourth Edition, Revised and
Enlarged. By H. F. BuLman, A.M.Inst.C.E. Small crown 8vo, cloth. 2/6

“The author has done his work in a creditable manner, and has produced a book that will
be of service to students and those who are practically engaged in mining operations.”—Z»ngineer.

INFLAMMABLE GAS AND VAPOUR IN THE AIR

(The Detection and Measurement of). By Frank Crowes, D.Sc., Lond.,
F.I.C. With a Chapter on THE DETECTION AND MEASUREMENT OF PETRO-
LEUM VApPoUR by BoveErToN REDWOOD, F.R.S.E., Consulting Adviser to the

Corporation of London under the Petroleum Acts. Crown 8vo, cloth. Net §/0Q
% Professor Clowes has given us a volume on a subject of much industrial importance

Those interested in these matters may be recommended to study this book, which is easy of compre:
hension and contains many good things.”—7%e Engineer.

COAL & IRON INDUSTRIES of the UNITED KINGDOM.

Comprising a Description of the Coal Fields, and of the Principal Seams of
Coal, with Returns of their Produce and its Distribution, and Analyses of
Special Varieties. Also, an Account of the Occurrence of Iron Ores in Veins or
Seams ; Analyses of each Variety; and a History of the Rise and Progress of

Pig Iron Manufacture. By RicHARD MEADE. 8vo, cloth . . £1 8s.

“Of this book we may unreservedly say that it is the best of its class which we have ever

met. . . . A book of reference which no one engaged in the iron or coal trades should omit from
his library.”—JZron and Coal Trades Review.

ASBESTO0S AND ASBESTIC.

Their Properties, Occurrence, and Use. By RoserT H. JonEes, F.S.A.,
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. With

Ten Collotype Plates and other Illustrations. Demy 8vo, cloth. . 16/0
* An interesting and invaluable work,”—Colliery Guardian.

GRANITES AND OUR GRANITE INDUSTRIES.
By GeorGE F. Hagrris, F.G.S. With Illustrations. Crown 8vo, cloth 22/6

TRAVERSE TABLES.

For use in Mine Surveying. By WiLLiam LinTerN, C.E. With two plates.
Small crown 8vo, cloth . : . 2 : : Net 3/0

ELECTRICITY, ELECTRICAL ENGINEERING, &<c. 23

ELECTRICITY, ELECTRICAL
ENGINEERING, ETC,

THE ELEMENTS OF ELECTRICAL ENGINEERING.

A First Year’s Course for Students. By Tyson SEwELL, A.1.E.E., Assistant

Lectur¢1 and Demonstrator in Electrical Engincering at the Polytechnic,

Regent Sirqet, London Second Edition, Revised, with Additional Chapters

on Alternaiing Current Working, and Appendix of Questions and Answers.

450 pages, With 274 Illustrations. Demy 8vo, cloth. [/ust Publishea. Net 7|6
OHM’s ILAW.—IN11S EMPLOYED IN ELECTRICAL ENGINEERIN 3

.- ] : G. =SERIES AND

PARALLEL CIRCUI'lS: (URRENT DENSITY AND POTENTIAL DROP IN THE CIRCUIT.—

THE HEATING EFFECT OF THE ELECTRIC CURRENT.—THE MAGNETIC EFFECT OF AN

ELECTRIC CURRENT.—THE MAGNETISATION OF IRON.—ELECTRO-CHEMISTRY ; PRIMARY

BATTI:'-R,I‘E'S-—ACCUMUL\TORS.—INDICATING INSTRUMENTS; AMMETERS, VOLTMETERS,

OHMMETERS.—ELECTRIGTY SUPPLY METERS.—MEASURING INSTRUMENTS, AND THE

MEASUREMENT OF ELECTRICAL RESISTANCE. — MEASUREMENT OF POTENTIAL DIF-

FERENCE, CAPACITY, CURIENT STRENGTH, AND PERMEABILITY.—ARC LAMPS.—INCAN-

DESCENT LAMPS; MANUFACTURE AND INSTALLATION; PHOTOMETRY.— THE CON-

TINUOUS CURRENT DYNAM),—DIRECT CURRENT MOTORS.—ALTERNATING CURRENTS.

—TRANSFORMERS, ALTERNATORS, SYNCHRONOUS MOTORS,—POLYPHASE WORKING.—
APPENDIX OF QUESTIONS ANMN ANSWERS.

. ““An excellent treatise for :tudents of the elementary facts connected with electrical
engineering.”—7%e Electrician.

_ *“One of the best books for thse commencing the study of electrical engineering. Every-
thing is explained in simple language vhich even a beginner cannot fail to understand.”—ZEngineer.

‘* One welcomes this book, whickLis sound in its treatment, and admirably calculated to give
students the knowledge and informatiolithey most require,”—Nature,

CONDUCTORS FOR ELECTRICAL DISTRIBUTION.

Their Materials and Manufacure, Tte Calculation of Circuits, Pole-Line
Construction, Undergr und Woking, and other Uses. By F. A.C. PERRINE,
A.M., D.Sc ; formerly Professoiof Klecirical Engineering, Leland Stanford,
Jr., University ; M.Amer.LLE.E. 8vo, cloth. [Just Published. Net QQ[=

CONDUCTOR MATERIALS—ALLOYED <G DUCTORS—MANUFACTURE OF WIRE—
WIRE-FINISHING—WIRE INSULATION—CABL1S—CALCULATION OF CIRCUITS—KELVIN'S
LLAW OF ECONOMY IN CONDUCTORS—MULTPLE ARC DISTRIBUTION—ALTERNATING
CURRENT CALCULATION—OVERHEAD LINES—(QLE LINE—LINE INSULATORS—UNDER.
GROUND CONDUCTORS.

WIRELESS TELEGRAPHY ;

Its Origins, Development, Inventions, ant Apparatus. By CHARLEsS HENRY
SewaLL., With 85 Diagrams and Illustrafons, Demy 8vo, cloth.

[Just Published. Net 10/6

ARMATURE WINDINGS OF DRRECT CURRENT
DYNAMOS.

Extension and Application of a General Wnding Rule By E. ArNoLD,
Engineer. As-istant Professor in Electrocechnis and Machine Design at the
Riga Polytechnic Schuol Translated from the Original German by FraxcIs
B. DE GrEss. M.K , Chief of Tesiing Departnent, Crocker-Wheeler Com-
pany. Wi.h 146 Illustrations. Medium 8vo, cloth . Net 12/|=

ELECTRICITY AS APPLIED TO MWNING.

By ArnoLD LuPTON, M.Ins:.C.E., M.I M.E,, M.I.E.E., late Professor of
Coal Mining at the Yorkshire College, Victoria Uniwrsity, Mining Eng:neer
and Coiliery Manager; G. D AspiNaLL PaArRr. 4.l.v.E., A M.I.M.E.,
Associate of the Cei:iral Technical College, City aud Gui ds of Lonuon, Head
of the HRlectri al Engineering D-p rtment, Yorksiire Cotlege, V.croria
University ; and HExBeRT PurKIN, M I.M E. Certificited Culliery Manager,
Assistant Lectwer in the Mining Deparimen:. of thy Yorkshire College,
Victoria University. With about 170 Illustrations. Mediun 8vo, cloth, Ve 9/ =
INTRODUCTORY. — DYNAMIC ELECTRICITY. — DRIVING OF THE DYNAMO. — THE
STEAM TURBINE.—DISTRIBUTION OF BELECTRICAL ENERGY.—STAITING AND STOPPING
ELECTRICAL GENERATOR> AND MOTORS.—ELECI1RIC CABLES.—CINTRAL ELECTRICAL
PLANTS.—ELECTRICITY APPLIED TO PUMPING AND HAULING.—EIECTRICITY APPLIED
TO COAL-CUTTING.—TYPICAL ELECTRIC PLANTS RECENTLY ENCTED. — ELECTRIC
LIGHTING BY ARC AND GLOW LAMPS—MISCELLANEOUS APPLICATIONS OF ELECTRICITY
—FELECTRICITY AS COMPARED WITH OTHER MODES OF TRANSIITTING POWER.—
DANGERS OF ELECTRICITY,
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DYNAMO, MOTOR AND SWITCHBOARD CIRCUITS
FOR ELECTRICAL ENGINEERS.

A Practical Handbook dealing with Direct, Alternating and Polyphase

Currents. By WiLLiam R. BowkEer, C.E., M.E., E.E., Lecturer on 2hysics

and Electrical Engineering at the Municipal Technical School, Bity. 8vo,

cloth. [Just ready, price abous/ G/Q net

DYNAMO ELECTRIC MACHINERY: its CONSTRUC-
TION, DESIGN, and OPERATION,

By SamMuEL SHELDON, A M., Ph.D., Professor of Physici and Electrical
Engineering at the Polytechnic Institute of Brooklyn, asssted by HoBarT
Mason, B.S.
In two volumes, sold separately, as follows : —+
Vol. L.—DIRECT CURRENT MACHINES. Third Ediion, Revised. Large

crown 8vo. 280 pagss, with 200 Illustrations . . Net 12/0
Vol. II.—ALTERNATING CURRENT MACHINES. Large crown 8vo. 260
pages, with 184 Illustrations . : . . . Net 12/0

Designed as Text-books for use in Technical Educational Rstitutions, and by Engineers
whose work includes the handling of Direct and Alternating Curgnt Machines respectively, and
for Students proficient in mathematics.

ELECTRICAL AND MAGNETIC CALCULATIONS.

For the Use of Electrical Engineers and Artisms, Teachers, Students, and all
others interested in the Theory and Applicatisn of Electricity and Magnetism.
By A. A. ATkinsoN, Professor of Electricity in Ohio University. Crown 8vo,
cloth : Net 9/0

*“To teachers and those who already possess a fair&nowledge of their subject we can recom
mend this book as being useful to consult when requiring data or formulae which it is neither con-
venient nor necessary to retain by memory.”—7 ke Eledvician.

SUBMARINE TELEGRAPHS

Their History, Construction, and Waking. Founded in part on WiinscHEN-
DORFF’S *‘ Traité de Télégraphie Scas-Marine,” and Compiled from Authorita-
tive and Exclusive Sources. By CAIARLEs BriGgHT, F.R. S.E., A.M.Inst. C.E.,
M.I.E.E. 780 pp., fully Illustated, including Maps and Folding Plates.
Royal 8vo, cloth . ‘ e . ‘ . e g Net £3 Ss.

‘‘ There are few, if any, persons morefitted to write a treatise on submarine telegraphy than
Mr. Charles Bright. He has done his york admirably, and has written in a way which will
appeal as much to the layman as to the engineer. This admirable volume must, for many years to
come, hold the position of the English clasic on submarine telegraphy.”—Engincer.

““This book is full of information/ It makes a book of reference which should be in every
engineer’s library.”— Nature.

‘““ Mr. Bright’s interestingly writtéd and admirably illustrated book will meet with a welcome
reception from cable men.”—E/ectricicn.

*‘ The author deals with his subjct from all points of view—political and strategical as well as
scientific. The work will be of inter/st, not only to men of science, but to the general public. We
can strongly recommend it.”—.4 thejeum,

THE ELECTRICAL ENGINEER’S POCKET-BOOK.

Consisting of Modern Rules, Formulz, Tables, and Data. By H. R. KewmrE,
M.I.E.E., A.M.InstC.E., Technical Officer Postal Telegraphs, Author of
““ A Handbook of Alectrical Testing,” &c. Second Edition, thoroughly
Revised, with Addifons. With numerous Illustrations. Royal 32mo, oblong,
leather = o . : - 3 i . 85/0

“ It is the best book ofits kind.”—Electrical Engineer.
* The Electrical Engiteer's Pocket-Book is a good one.”—Electrician.
* Strongly recommenied to those engaged in the electrical industries.”—Zlectrical Review,

POWER TRANSMITTED BY ELECTRICITY.

And applied bf the Electric Motor, including Electric Railway Construction.
By P. AtkinoN, A.M., Ph.D. Third Edition, Fully Revised, and New
Matter added.; With g4 Illustrations. Crown 8vo, cloth . . Net 9/0O

DYNAMIC ELECTRICITY AND MAGNETISM.

B P_H?LIP/"ATKINSON, A.M., Ph.D., Author of ‘“Elements of Static
Eectrlcxty,f‘ &c. Crown 8vo, 417 pp., with 120 Illustratious, cloth . 10Q/86
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THE MANAGEMENT OF DYNAMOS.

A Handybook of Theory and Practice for the Use of Mechanics, Engineers,
Students, and others in Charge of Dynamos. By G. W. LumMis-PATERSON.

Third Edition, Revised. Crown 8vo, cloth :

‘* An example which deserves to be taken as a model by other authors. The subject is treated
In a manner which any intelligent man who is fit to be entrusted with charge of an engine should
be able to understand. Itis a useful book to all who make, tend, or employ electric machinery.”
—dA rchitect.

THE STANDARD ELECTRICAL DICTIONARY.

A Popular Encyclopaedia of Words and Terms Used in the Practice of Electrical
Engineering. Containing upwards of 3,000 definitions, By T. O’Conor
SLOANE, A.M., Ph.D. Third Edition, with Appendix. ~Crown 8vo, 6qo pp.,

3go Illustrations, cloth . ; ; ‘ : : ; ; 2 Net T/6

* The work has many attractive features in it, and Is, beyond doubt, a well put together and

useful publication. The amount of ground covered may be gathered from the fact that in the index
about 5,000 references will be found,”—ZE/ectrical Review,

ELECTRIC LIGHT FITTING.

A Handbook for Working Electrical Engineers, embodying Practical Notes on
Installation Management. By J. W. UrqQuHART, Electrician, Author of
“‘ Electric Light,” &c. With numerous Illustrations. Third Edition, Revised,

with Additions. Crown 8vo, cloth . 4 ; 3 . . 3 . 5/0
“This velume deals with the mechanics ot electric lighting, and is addressed to men who
are already engaged inthe work, or are training for it. The work traverses a great deal of ground,
and may be read as a sequel to the author’s useful work on ‘ Electric Light.'"—Z& lectrician.
* The book is well worth the perusal of the workman, for whom it is written.”—ZElectrica
Review.

ELECTRIC LIGHT.

Its Production and Use, Embodying Plain Directions for the Treatment of
Dynamo-Electric Machines, -Batteries, Accumulators, and Electric Lamps.
By J. W. UrqQuuart, C.E. Sixth Edition, Enlarged. Crown 8vo, cloth.

7/6

*The whole ground of electric lighting {s more or less covered and explained in a very clear
and concise manner."—&/lectrical Review.

" A wvade-mecum of the salient facts connected with the sclence of electric lighting,”—
Electrician.

DYNAMO CONSTRUCTION.

A Practical Handbook for the Use of Engineer-Constructors and Electricians-
in-Charge. Embracing Framework Building, Field Magnet and Armature
Winding and Grouping, Compounding, &c. By J. W. UrRQUHART. Second
Edition, Enlarged, with 114 Illustrations. Crown 8vo, cloth 4 . 7/8
*Mr. Urquhart’s book is the first one which deals with these matters in such a way that the

engineering student can understand them. The book is very readable, and the avthor leads his
readers up to difficult subjects by reasonably simple tests.”—ZEngincering Revicw.

ELECTRIC SHIP-LIGHTING.

A Handbook on the Practical Fitting and Running of Ships’ Electrical Plant.
For the Use of Shipowners and Builders, Marine Electricians, and Seagoing
Engineers-in-Charge. By J. W. UrQuHART, C.E. Second Edition, Revised
and Extended. With 88 Illustrations, Crown 8vo, cloth - .

*The subject of ship electric lighting is one of vast importance and Mr. Urquhart is to be

highly complimented for placing such a valuable work at the service of marine electricians.”— 7%e
Steamship.

ELECTRIC LIGHTING (ELEMENTARY PRINCIPLES OF).
By ALaNn A. CampBELL SwiNTON, M.Inst.C.E., M.I.LE.E. Fifth Edition.
With 16 Illustrations. Crown 8vo, cloth . : g A . 1/8

ELECTRIC LIGHT FOR COUNTRY HOUSES.

A Practical Handbook on the Erection and Running of Small Installations,
with Particulars of the Cost of Plant and Working. By J. H. KNiGHT.
Third Edition, Revised. Crown 8vo, wrapper . ‘ ; k . 1/0

HOW TO MAKE A DYNAMO.

A Practical Treatjse for Amateurs. Containing Illustrations and Detailed
Instructions for Constructing a Small Dynamo to Produce the Electric Light.
By ALFrep CrorTs. Sixth Edition, Revised. Crown 8vo, cloth . 2/

THE STUDENT’S TEXT-BOOK OF ELECTRICITY.
By H. M. Noap, F.R.S. 650 pp., with 470 Illustrations. Crown 8vo, cloth.

9/0
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ARCHITECTURE, BUILDING, ETC.
PRACTICAL BUILDING CONSTRUCTION.

A Handbook for Students Preparing for Examinations, and a Book of
Reference for Persons Engaged in Building. By Joun PARNELL ALLEN,
Surveyor, Lecturer on Building Construction at the Durham College of
Science, Newcastle-on-Tyne. Fourth KEdition, Revised and Enlarged.
Medium 8vo, 570 pp., with 1,000 Illustrations, cloth. :

[Just Published. Net 7|6

“ The most complete exposition of building construction we have seen. It contains all that is
necessary to prepare students for the various examinations in building construction.”—Building
News.

“ The author depends nearly as much on his dlagrams as on his type. The pages suggest
the hand of a man of experience in building operations—and the volume must be a blessing to
many teachers as well as to students.”—7hke Archifect. :

“The work is sure to prove a formidable rival to great and small competitors alike, and
bids fair to take a permanent place as a favourite student’s text-book. The large number of illus-
trations deserve particular mention for the great merit they possess for purposes of reference in
exactly corresponding to convenient scales.”— Fournalof the Royal Institute of British Avrchitects.

PRACTICAL MASONRY.

A Guide to the Art of Stone Cutting. Comprising the Construction, Setting
Out, and Working of Stairs, Circular Work, Arches, Niches, Domes, Penden-
tives, Vaults, Tracery Windows, &c.; to which are added Supplements
relating to Masonry Estimating and Quantity Surveying, and to Building
Stones, and a Glossary of Terms. For the Use of Students, Masons, and
other Workmen. By WiLLiam R. PurcHAsE, Building Inspector to the
Borough of E[ovei Fourth Edition, Enlar]%ed. Roye;l 1?vo, 210 pp., with
2 Lithographic Plates, comprising over 4oo Diagrams, cloth.

A e  Fuss Publiehed.” For 718

«My. Purchase's *Practical Masonry’ will undoubtedly be found useful to all interested in
this important subject, whether theoretically or practically. Most of the examples given are from
actual work carried out, the diagrams being carefully drawn. The book is a practical treatise on
the subject, the author himself having commenced as an operative mason, angi afterwards acted as
foreman mason on many large and important buildings prior to the attainment of his present
position. It should be found of general utility to architectural students and others, as w:ell as to
those to whom it is specially addressed.”— Fournal of the Royal Institute of British Architects.

MODERN PLUMBING, STEAM AND HOT WATER
HEATING. : ) .

A New Practical Work for the Plumber, the Heating Engineer, the Arch1_tect,’

and the Builder. By J. J. LAWLER, Author of ‘‘ American Sanitary Plumbing,’

&c. With 284 Illustrations and Folding Plates. 4to, cloth . Net 21/=

HEATING BY HOT WATER,
VENTILATION AND HOT WATER SUPPLY.
By WaLTER Jonis, M.I.M.E. 340 pages, with 140 Illustrations. Royal 8vo,
cloth. [Just Published. Net 6/0

CONCRETE : ITS NATURE AND USES.
A Book for Architects, Builders, Contractors, and Clerks of Works. By
GEORGE L. SutcLiFrFe, A.R.I.LB.A. 350 pp., with Illustrations. Crown
8vo, cloth . ; : : 3 : : : ' . . 7/6

*The author treats a difficult subject in a lucid manner. The manual fills a 1ong-felt gap.
It is careful and exhaustive ; equally useful as a student’s guide and an architect’s book of
reference.”— Fournal of the Royal Institute of British Archilects.

LOCKWOOD’S BUILDER’S PRICE BOOK for 1904.

A Comprehensive Handbook of the Latest Prices and Data for Builders,
Architects, Engineers, and Contractors. Re-constructed, Re-written, and
Greatly Enlarged. By Francis T. W. MILLER. B8oo closely-printed pages,

crown 8vo, cloth . ; " . ' ] ‘ : . 4/0
* This book is a very useful one, and should find a place in every English office connected
with the building and engineering professions.”—/ndustries.

« An excellent book of reference.”—drchitect.
“ In its new and revised form this Price Book is what a work of this kind should be—compre-
hensive, reliable, well arranged, legible, and well bound. ’=—=British Architect,

DECORATIVE PART OF CIVIL ARCHITECTURE.

By Sir WiLLiam Cuameers, F.R.S. With Portrait, Illustrations, Notes, and
an EXAMINATION OF GRECIAN ARCHITECTURE, by JosEpH GwiLT, F.S.A.
Revised and Edited by W. H. Leeps. 66 Plates, 4to, cloth . . 21/0
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THE MECHANICS OF ARCHITECTURE.

A Treatise on Applied Mechanics, especially Adapted to the Use of Architects.

By E. W. TArN, M.A., Author of “ The Science of Building,” &c. Second

Edition, Enlarged. Illustrated with 125 Diagrams. Crown 8vo, cloth 7/6
** The book is a very useful and helpful manual of architectural mechanics.”—Builder.

A HANDY BOOK OF VILLA ARCHITECTURE.

Being a Series of Designs for Villa Residences in various Styles. With
Outline Specifications and Estimates. By C. WickEs, Architect, Author of
““The Spires and Towers of England,” &c. 61 Plates, 4to, half-morocco, gilt
edges . . ‘ ; : 7 v ; . £1 11s. 6b.

‘ The whole of the designs bear evidence of their being the work of an artistic architect, and
they will prove very valuable and suggestive.”—Bwuwilding News.

THE ARCHITECT’S GUIDE.

Being a Text-book of Useful Information for Architects, Engineers, Surveyors,
Contractors, Clerks of Works, &c., &c. By F. RoGgers. Crown 8vo, cloth,

b 3/6
ARCHITECTURAL PERSPECTIVE.

The whole Course and Operations of the Draughtsman in Drawing a Lar
House in Linear Perspective. Illustrated by 43 Folding Plates. By F. %
FErGgusoN. Third Edition. 8vo, boards . : 3 ; g : 36

‘It is the most intelligible of the treatises on this ill-treated subject that I have met with,”—
E. INGRESS BELL, ESQ., inthe R.[.B. 4. Fournal,

PRACTICAL RULES ON DRAWING.

For the Operative Builder and Young Student in Architecture. By GEORGE
PyNE. 14 Plates, 4to, boards . 5 : ' . , % : . 1/6

MEASURING AND VALUING ARTIFICERS’ WORK

(The Student’s Guide to the Practice of). Containing Directions for taking
Dimensions, Abstracting the same, and bringing the Quantities into Bill, with
Tables of Constants for Valuation of Labour, and for the Calculation of Areas
and Solidities. Originally edited by E. Dosson, Architect. With Additions
by E. W. Tarn, M.A. Seventh Edition, Revised. With 8 Plates and
63 Woodcuts. Crown 8vo, cloth. . : : : X 4 . 7/8

_ **This edition will be found the most complete treatise on the principles of measuring and
valuing artificers’ work that has yet been published.”—Bwilding News,

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR.

For Builders and Surveyors. Containing Technical Directions for Measuring
Work in all the Building Trades, Complete Specifications for Houses, Roads,
and Drains, and an Easy Method of Estimating the parts of a Building
collectively. By A. C. Bearon. Ninth Edition. Waistcoat-pocket size,
gilt edges . ; ‘ B 3 > . . d : f 3 . 1/8
* No builder, architect, surveyor, or valuer should be without his * Beaton.’ "—Building News.

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE.

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay
on the Structure and Science of Modern Buildings. Upon the Basis of the
Work by ALFRED BarRTHOLOMEW, thoroughly Revised, Corrected, and greatly
added to by FrREDERICK ROGERS, Architect. Third Edition, Revised. 8vo,
cloth : ] ; ‘ ; . - 2 ’ . . 15/0

“The work is too well khown to need any recommendation from us., It is one of the books
with which every young architect must be equipped.”’—d4 »ckiiect.

THE HOUSE-OWNER’S ESTIMATOR.

Or, What will it Cost to Build, Alter, or Repair? A Price Book for Un-
rofessional People as well as the Architectural Surveyor and Builder. By
. D. Stmon. Edited by F. T. W. MiLLER, A.R.I.B.A. Fifth Edition.

Carefully Revised. Crown 8vo, cloth. . ; . X Net 3/8

“ In two years it will repay its cost a hundred times over,”—Field.
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SANITATION AND WATER SUPPLY.

THE HEALTH OFFICER’S POCKET-BOOK.

A Guide to Sanitary Practice and Law. For Medical Officers of Health,
Sanitary Inspectors, Members of Sanitary Authorities, &c. By EDWARD
F. WiLLouguey, M.D. (Lond.), &c. Second Edition, Revised and Enlarged.
Fcap. 8vo, leather . : : i . Net 10/8

*“It is a mine of condensed information of a pertinent and useful kind on the various subjects
of which it treats, The different subjects are succinctly but fully and scientifically dealt with.”—
The Lancet.

** We recommend all those engaged in practical sanitary work to furnish themselves with a
copy for reference.”—Sanitary Fournal.

THE BACTERIAL PURIFICATION OF SEWAGE:

Being a Practical Account of the Various Modern Biological Methods of
Purifying Sewage. By Sipnev Barwisg, M.D. (Lond.), D.P.H. (Camb.),
etc. With 10 Page Plates and 2 Folding Diagrams. Royal 8vo, cloth.

Net 6/0
THE PURIFICATION OF SEWAGE.

Being a Brief Account of the Scientific Principles of Sewage Purification, and
their Practical Application. By SipNEY Barwisg, M.D. (Lond.), M.R.C.S.,
D.P.H. (Camb.), Fellow of the Sanitary Institute, Medical Officer of Health
to the Derbyshire County Council. Crown 8vo, cloth . . . . 8/0

WATER AND ITS PURIFICATION.

A Handbook for the Use of Local Authorities, Sanitary Officers, and others
interested in Water Supply. By S. Ripeai, D.Sc. Lond., F.I.C. Second
Edition, Revised, with Additions, including numerous Illustrations and Tables.
Large Crown 8vo, cloth . ‘ ; ; . . % : . Vet 9/0

RURAL WATER SUPPLY.

A Practical Handbook on the Supply of Water and Construction of Water-
works for Small Country Districts. By ALLAN GreeNwELL, A.M.I.C.E.,
and W. T. Curry, A.M.I.C.E. Revised Edition. Crown 8vo, cloth §/0

THE WATER SUPPLY OF CITIES AND TOWNS.

By WiLLiam Huwmser, A.M. Inst. C.E., and M.Inst. M.E. Imp. 4to, half-
bound morocco. (See page 11.) : S 2 : . Net £6 B6s.

THE WATER SUPPLY OF TOWNS AND THE CON-
STRUCTION OF WATER-WORKS.

By Proressor W. K. BurTon, A.M. Inst. C.E. Second Edition, Revised
and Extended. Royal 8vo, cloth. (See page 10.) . : : vt Da.

WATER ENGINEERING.

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa-
tion of Water for the Suppiy of Towns. By C. SLace, A.M. Inst. C.E. 7/8

SANITARY WORK IN SMALL TOWNS AND VILLAGES.
By FHARLES SLAGG, A. M. Inst. C.E. Crown 8vo, cloth . . . 3/0

PLUMBING.

A Text-book_to,the Practice of the Art or Craft of the Plumber. By W. P.
BucraN. Ninth Edition, Enlarged, with 500 Illustrations. Crown 8vo, 3/8

YENTILATION.
A Text-book to the Practice of the Art of Ventilating Buildings. By W. P.

Buchan, R.P. Crown8vo,cloth . . ., . . . . .. 8/6.
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CARPENTRY, TIMBER, ETC.

THE ELEMENTARY PRINCIPLES OF CARPENTRY.

A Treatise on the Pressure and Equilibrium of Timber Framing, the Resistance
of Timber, and the Construction of Floors, Arches, Bridges, Roofs, Uniting
Iron and Stone with Timber, &c. To which is added an Essay on the Nature
and Properties of Timber, &c., with Descriptions of the kinds of Wood used
in Building; also numerous Tables of the Scantlings of Timber for different
purposes, the Specific Gravities of Materials, &c. By Tromas TrEDGOLD, C.E.
With an Appendix of Specimens of Various Roofs of Iron and Stone, Illus-
trated. Seventh Kdition, thoroughly Revised and considerably Enlarged by
E. Wynpuam Tarn, M.A., Author of ‘‘ The Science of Building,” &c.
With 61 Plates, Portrait of the Author, and several Woodcuts. In One large

Vol., 4to, cloth . ! : ! . £1 8s.

** Ought to be in every architect’s and every builder’s library.”—Buz/der.

‘““A work whose monumental excellence must commend it wherever skilful carpentry is
concerned. The author’s principles are rather confirmed than impaired by time, The additional
plates are of great intrinsic value.”—Building News,

WOODWORKING MACHINERY.

Its Rise, Progress, and Construction. With Hints on the Management of Saw
Mills and the Economical Conversion of Timber. Illustrated with Examples
of Recent Designs by leading English, French, and American Engineers. By
M. Powis BarLg, A.M.Inst.C.E., M.I.M.E. Second Edition, Revised,
with large Additions, large crown 8vo, 440 pp., cloth . . . . 9/0

**Mr. Bale is-evidently an expert on the subject, and he has collected so much information
that his book is all-sufficient fsc’)r builders and others engaged in the conversion of timber, " —.4 »ckifect.

*The most comprehensive compendium of wood-working machinery we have seen, The
author is a thorough master ef his subject.”—Building News,

SAW MILLS.

Their Arrangement and Management, and the Economical Conversion of
Timber. By M. Powis BaiLe, A.M.Inst.C.E. Second Edition, Revised.
Crown 8vo, cloth. . . . . . : . 10/8

** The administration of a large sawing establishment Is discussed, and the subject examined
from a financial standpoint. Hence the size, shape, order, and disposition of saw mills and the like
are gone into in detail, and the course of the timber is traced from its reception to its delivery in its
converted state. We could not desire a more complete or practical treatise,”—Buzlder.

THE CARPENTER’S GUIDE.

Or, Book of Lines for Carpenters; comprising all the Elementary Principles
essential for acquiring a knowledge of Carpentry. Founded on the late PETER
NicHoLsoN's standard work. A New Edition, Revised by ARTHUR ASHPITEL,
F.S.A. Together with Practical Rules on Drawing, by GEORGE PyNE.
With 74 Plates, 4to, cloth . ‘ ; ! . ! : . £1 1s.

A PRACTICAL TREATISE ON HANDRAILING.

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing
the Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By GEORGE
CorLLiNGgs. Revised and Enlarged, to which is added A TREATISE ON
STAIR-BUILDING. Third Edition. With Plates and Diagrams. 12mo, cloth,

2/8

* Will be found of practical utility in the execution of this difficult branch of joinery.”—Buzlder.
** Almost every difficult phase of this somewhat intricate branch of joinery is elucidated by
the aid of plates and explanatory letterpress.”—Furniture Gazette.

CIRCULAR WORK IN CARPENTRY AND JOINERY.

A Practical Treatise on Circular Work of Single and Double Curvature. By
GeorRGE CorLIiNGS. With Diagrams. Fourth Edition, 12zmo, cloth . 2/8

‘“ An excellent example/of what a book of this kind should be. Cheap in price, clear in
definition, and practical in the examples selected.”—Builder.

THE CABINET-MAKER’S GUIDE TO THE ENTIRE
CONSTRUCTION OF CABINET WORK.

By RicHarRD BrrMmeap. Illustrated with Plans, Sections and Working
Drawings. Crown 8vo, cloth . . ’ : ; ’ A . 2/8
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HANDRAILING COMPLETE IN EIGHT LESSONS.

On the Square-Cut System. By J. S. GoLpTHORP, Teacher of Geometry
and Building Construction at the Halifax Mechanics’ Institute, With Eight
Plates and over 150 Practical Exercises. 4to, cloth y i " . 3/8

' Likely to be of considerable value to joiners and others who take a pride in good work.
The arrangement of the book is excellent. We heartily commend it to teachers and students,”—
Timber Trades Fournal,

TIMBER MERCHANT’S and BUILDER’S COMPANION.

Containing New and Copious Tables of the Reduced Weight and Measure-
ment of Deals and Battens, of all sizes, and other Useful Tables for the use of
Timber Merchants and Builders. By WiLLiam DowsinGg. Fourth Edition,
Revised and Corrected. Crown 8vo, cloth ‘ . : . . . 3/0

““We are glad to see a fourth edition of these admirable tables, which for correctness and
stmplicity of arrangement leave nothing to be desired.”—7imber Trades Fouwrnal,

THE PRACTICAL TIMBER MERCHANT.

Being a Guide for the Use of Building Contractors, Surveyors, Builders, &c.,
comprising useful Tables for all purposes connected with the Timber Trade,
Marks of Wood, Essay on the Strength of Timber, Remarks on the Growth of
Timber, &c. By W. RicHARDSON. Second Edition. Fcap. 8vo,cloth . 3/8

" This handy manual contains much valuable information for the use of timber merchants,
builders, foresters, and all others connected with the growth, sale, and manufacture of timber,”’—
Fournal of Forestry.

PACKING-CASE TABLES.

Showing the number of Superficial Feet in Boxes or Packing-Cases, from six
inches square and upwards. By W. RicHARDsON, Timber Broker. Third
Silion. Obleagato,eloth. v - w9 v % w0 a4 B

‘ Invaluable labour-saving tables.”—Ironsmosger.
““ Will save much labour and calculation.”—G#oce.

GUIDE TO SUPERFICIAL MEASUREMENT.

Tables calculated from 1 to 200 inches in length by 1 to 108 inches in breadth.
For the wuse of Architects, Surveyors, HEngineers, Timber Merchants,
Builders, &c. By James Hawkings. Fifth Edition. Fcap., cloth. 3/6

** These tables will be found of great assistance to all who require to make calculations of
superficial measurement.”—Englisi Mecharnic.

PRACTICAL FORESTRY.

And its Bearing on the Improvement of Estates. By CHARLES E. CUrTIs,
F.S.1., Professor of Forestry, Field Engineering, and General Estate
Management, at the College of Agriculture, Downton. Second Edition,
Revised. Crown 8vo, cloth . : . 3 : 3 g : . 3/6

PREFATORY REMARKS.— OBJECTS OF PLANTING. -~ CHOICE OF A FORESTER, —
CHOICE OF SOIL AND SITE.—LAYING OUT OF LAND FOR PLANTATIONS.—PREPARATION
OF THE GROUND FOR PLANTING. —DRAINAGE.—PLANTING.—DISTANCES AND DISTRI-
BUTION OF TREES IN PLANTATIONS.—TREES AND GROUND GAME.—ATTENTION AFTER
PLANTING.—THINNING OF PLANTATIONS. — PRUNING OF FOREST TREES.—REALIZATION.
—METHODS OF SALE.—MEASUREMENT OF TIMBER.—MEASUREMENT AND VALUATION
OF LARCH PLANTATION.—FIRE LINES.—COST OF PLANTING.

““Mr. Curtis has in the course of a series of short pithy chapters afforded much informa-
tion of a useful and practical character on the planting and subsequent treatment of trees,”—
lllustrated Carpenter and Builder.

THE ELEMENTS OF FORESTRY.

Designed to afford Information concerning the Planting and Care of Forest
Trees for Ornament or Profit, with suggestions upon the Creation and Care of
Woodlands. By F. B. HougH. Large crown 8vo, cloth . ; . 10/0

TIMBER IMPORTER’S, TIMBER MERCHANT’S, AND
BUILDER’S STANDARD GUIDE.

By Ricuarp E. GranDv. Comprising :—An Analysis of Deal Standards,

Home and Foreign, with Comparative Values and Tabular Arrangements for

fixing Net Landed Cost on Baltic and North American Deals, including all

intermediate Expenses, Freight, Insurance, &c. ; together with copious Informa-

tion for the Retailer and Builder. Third Edition, Revised. 12mo, cloth 22/0

“ Everything it pretends to be: built up gradually, it leads one from a forest to a treenail, and
throws in, as a makeweight, a host of material concerning bricks, columns, cisterns, &c.”"—Engiish
Mechaiiic, ;
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DECORATIVE ARTS, ETC.

ey

SCHOOL OF PAINTING FOR THE IMITATION OF
WOODS AND MARBLES.

As Taught and Practised by A. R. VAN pER BUrG and P. VAN DER Burg,
Directors of the Rotterdam Painting Institution. Royal folio, 18% by 12% in,,
INlustrated with 24 full-size Coloured Plates ; also 12 plain Plates, comprising
154 Figures. Fourth Edition cloth . (Just Published. Net £1 Bs.

LisT oF PLATES.

1. VARIOUS TOOLS REQUIRED FOR WOOD PAINTING.—2, 3. WALNUT; PRELIMINARY
STAGES OF GRAINING AND FINISHED SPECIMEN. —4 TOOLS USED FOR MARBLE
PAINTING AND METHOD OF MANIPULATION.—s5, 6. ST. REMI MARBLE; EARLIER
OPERATIONS AND FINISHED SPECIMEN. — 7. METHODS OF SKETCHING DIFFERENT
GRAINS, KNOTS, &c.—8, 9. ASH: PRELIMINARY STAGES AND FINISHED SPECI-
MEN. — 10. METHODS OF SKETCHING MARBLE GRAINS. — 11, 12. BRECHE MARBLE;
PRELIMINARY STAGES OF WORKING AND FINISHED SPECIMEN.—13. MAPLE ; METHODS
OF PRODUCING THE DIFFERENT GRAINS.—14, 15. BIRD'S-EYE MAPLE: PRELIMINARY
STAGES AND FINISHED SPECIMEN.—i16, METHODS OF SKETCHING THE DIFFERENT
SPECIES OF WHITE MARBLE.—17, 18. WHITE MARBLE ; PRELIMINARY STAGES OF
PROCESS AND FINISHED SPECIMEN.—19. MAHOGANY; SPECIMENS OF VARIOUS GRAINS
AND METHODS OF MANIPULATION.—20, 21. MAHOGANY; EARLIER STAGES AND
FINISHED SPECIMEN.—22, 23, 24. SIENNA MARBLE; VARIETIES OF GRAIN, PRELIMINARY
STAGES AND FINISHED SPECIMEN.—2s5, 26, 27. JUNIPER WOOD; METHODS OF PRO-
DUCING GRAIN, &c.; PRELIMINARY STAGES AND FINISHED SPECIMEN.—28, 29, 30. VERT
DE MER MARBLE; VARIETIES OF GRAIN AND METHODS OF WORKING, UNFINISHED
AND FINISHED SPECIMENS.—31, 32, 33. OAK; VARIETIES OF GRAIN, TOOLS EMPLOYED
AND METHODS OF MANIPULATION, PRELIMINARY STAGES AND FINISHED SPECIMEN,—
%E%sI,MgEtSkSWAULSORT MARBLE; VARIETIES OF GRAIN, UNFINISHED AND FINISHED

* Those who desire to attain skill in the art of painting woods and marbles will find advantage
In consulting this book. . . . Some of the Working Men's Clubs should give their young men
the opportunity to study it.”—Bwuzlder.

*“ A comprehensive guide to the art. The explanations of the processes, the manipulation
and management of the colours, and the beautifully executed plates will not be the least valuable to
the student who aims at making his work a faithful transcript of nature.”—Building News.

‘“ Students and novices are fortunate who are able to become the possessors of so noble a
work."—The Architect,

ELEMENTARY DECORATION.
A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL

HOUSE DECORATION. By James W. Facev. With numerous Illus-
trations. In One Vol,, strongly half-bound . : . . . . 8/0

HOUSE PAINTING, GRAINING, MARBLING, AND
SIGN WRITING.

A Practical Manual of. By ELrLis A. Davipson. Eighth Edition. With

Coloured Plates and Wood Engravings. Crown 8vo, cloth . : . B6/0

** A mass of information of use to the amateur and of value to the practical man,”—Englisk
Mechanic, :

THE DECORATOR’S ASSISTANT.

A Modern Guide for Decorative Artists and Amateurs, Painters, Writers,
Gilders, &c. Containing upwards of 6oo Receipts, Rules, and Instructions ;
with a variety of Information for General Work connected with every Class of
Interior and Exterior Decorations, &c. Eighth Edition. Cr. 8vo « 10O

*“ Full of receipts of value to decorators, painters, gilders, &c. The book contains the gist of
larger treatises on colour and technical processes. It would be difficult to meet with a work so full
of varied information on the painter’s art.”—ZBuilding News.

MARBLE DECORATION

And the Terminology of British and Foreign Marbles. A Handbook for
Students. By GEORGE H. BLAGROVE, Author of ‘‘ Shoring and its Applica-
tion,” &c. With 28 Illustrations. Crown 8vo, cloth g : . . 3/8

** This most useful and much wanted handbook should be in the hands of every architect and
builder,”—Butiding Worid.
“A carefully aud usefully written treatise ; the work is essentially practical.”—Scotsman,
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DELAMOTTE'S WORKS8 ON ILLUMINATION AND
ALPHABETS.

ORNAMENTAL ALPHABETS, ANCIENT & MEDIZAEVAL.

From the Eighth Century, with Numerals; including Gothic, Church-Text,
large and small, German, Italian, Arabesque, Initials for Illumination,
Monograms, Crosses, &c., &c., for the use of Architectural and Engineering
Draughtsmen, Missal Painters, Masons, Decorative Painters, Lithographers,
Engravers, Carvers, &c. Collected and Engraved by F. DELaAMOTTE, and
printed in Colours. New and Cheaper Edition. Royal 8vo, oblong,
ornamental boards . . : : . : . 2/8

 For those who insert enamelled sentences round gilded chalices, who blazon shop legends
over shop-doors, who letter church walls with pithy sentences from the Decalogue, this book will be
useful.” —Athenaum.

MODERN ALPHABETS, PLAIN AND ORNAMENTAL.

Including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew,
Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ;
with several Original Designs, and an Analysis of the Roman and Old English
Alphabets, large and small, and Numerals, for the use of Draughtsmen,
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers,
&c. Collected and Engraved by F. DELAMOTTE, and printed in Colours.
New and Cheaper Edition. Royal 8vo, oblong, ornamental boards . 2/6

* There is comprised in it every possible shape into which the letters of the alphabet and
numerals can be formed, and the talent which has been expended in the conception of the various
plain and ornamental letters is wonderful.”—Standard.

MEDIZVAL ALPHABETS AND INITIALS.

By F. G. DELamoTTE. Containing 21 Plates and Illuminated Title, printed
in Gold and Colours. With an Introduction by J. WiLLis Brooks. Fifth
Edition. Small 4to, ornamental boards . ‘ . : i . Net 5/O

“A volume in which the letters of the alphabet come forth glorified in gilding and all the
colours of the prism interwoeven and intertwined and intermingled.”—Swux.

A PRIMER OF THE ART OF ILLUMINATION.

For the Use of Beginners ; with a Rudimentary Treatise on the Art, Practical
Directions for its Exercise, and Examples taken from Illuminated MSS.,
printed in Gold and Colours. By F. DeErLamoTTE. New and Cheaper
Kdition. Small 4to, ornamental boards . . . . . ; . 8/0

* The examples of ancient MSS. reaemmended to the student, which, with much good sense,
the author chooses from collections accessible to all, are selected with judgment and knowledge as
well as taste.”—dAd theneum,

THE EMBROIDERER’S BOOK OF DESIGN.

Containing Initials, Emblems, Cyphers, Monograms, Ornamental Borders,
Ecclesiastical Devices, Medizval and Modern Alphabets, and National
Emblems. Collected by F. DELaAMOTTE, and printed in Colours. Oblong
royal 8vo, ornamental wrapper . , = : ; ‘ . WNet 2|0

“The book will be of great assistance to ladies and young children who are endowed with
the art of plying the needle in this most ornamental and useful pretty work.”—Eas¢ Angiian Times.

=

WOOD-CARVING FOR AMATEURS.

With Hints on Design. By A Lapy. With 1o Plates. New and Cheaper
Edition. Crown 8vo, in emblematic wrapper . : - : 2 . 2/0

*“ The handicraft of the wood-carver, so well as a book can impart it, may be learnt from * A
Lady’s ' publication.”—A theneum.

PAINTING POPULARLY EXPLAINED.

By Tuomas Joun GurLick, Painter, and Joun Timss, F.S.A. Including
Fresco, Qil, Mosaic, Water-Colour, Water-Glass, Tempera, KEncaustic,
Miniature, Painting on Ivory, Vellum, Pottery, Enamel, (glass, &c. Fifth
Edition. Crown 8vo, cloth : : - . z . . 8/0

** Adopted as a Prize Book at South Kensington.

'* Much may be learned, even by these who fancy they do not require to be taught, from the
careful perusal of this unpretending but comprehensive treatise.”"—A»¢ Fournal,
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NATURAL SCIENCE, ETC.

THE VISIBLE UNIVERSE.

Chapters on the Origin and Construction of the Heavens. B

: . By J. E. Gore
F.R.A.S., Author of ““ Star Groups,” &c. Illustrated by 6 Stellar Photographs'
and 1z Plates. Demy8vo,cloth . . . . - . . . 1600

STAR GROUPS.

A Student’s Guide to the Constellations. By J. ELLarD Gore, F.R.A.S.

M.R.-I.A.’g &c., Author of *‘The Visible Universe,” ‘‘ The Sce;lery of the

Heavens,” &c. With 30 Maps. Small 4to, cloth . a X . . 8/0
AN ASTRONOMICAL GLOSSARY.

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists
of Remarkable and Interesting Celestial Objects. By J. ELLARD GORE,
F.R.A.S., Author of ““ The Visible Universe,” &c. Small crown 8vo, cloth.
‘ 2/8
THE MICROSCOPE.,

Its Construction and Management. Including Techni Ph i

. In que, Photo-micrograph
and the Past and Future of the Microscope. By Dr. HENRI VAN Hirugcg.,
Re-Edited and Augmented from the Fourth French Edition, and Translated
by WynNe E. BaxTer, F.G.S. Imp.8vo,cloth . . . . 18/0

A MANUAL OF THE MOLLUSCA.

A Treatise on Recent and Fossil Shells. By S. P. WooDWARD, A.L.S.,
F.G.S. With an Appendix on RECENT AND Fossi. CONCHOLOGICAL
Discoveries, by RaLepH Tate, A.L.S., F.G.S. With 23 Plates and
upwards of 300 Woodcuts. Reprint of Fourth Edition (1880). Crown 8vo,

cloth . s Fbha A S L e ki R . 718
THE TWIN RECORDS OF CREATION.

Or, Geology and Genesis, their Perfect Harmony and Wonderful C d.
By Q. W. V. 1x Vage. Begoalvs . b o ol o RS

LARDNER’S HANDBOOKS OF SCIENCE.,

HANDBOOK OF MECHANICS.
Enlarged and re-written by B. Loewy, F.R.A.S. Post 8vo, cloth . 8/0

HANDBOOKOF HYDROSTATICS AND PNEUMATICS.
Revised and Enlarged by B. Loewy, F.R.A.S. Post 8vo, cloth . B/O

HANDBOOK OF HEAT.
Edited and re-written by B. Loewy, F.R.A.S. Post 8vo, cloth . 8/0

HANDBOOK OF OPTICS.
New Edition. Edited by T. OLvER HARDING, B.A. Small 8vo. cloth B/0Q

ELECTRICITY, MAGNETISM, AND ACOUSTICS.
Edited by Geo. C. FosTER, B.A. Small 8vo, cloth . . ; . B8/0

HANDBOOK OF ASTRONOMY.
Revised and Edited by Epwin Dunkin, F.R.A.S. 8vo,cloth . . 9/6

MUSEUM OF SCIENCE AND ART.

With upwards of 1,200 Engravings. In Six Double Volumes, £1 1s. Cloth,
or half-morocco . : : : . . &£1 11s. 6b.

NATURAL PHILOSOPHY FOR SCHOOLS . . 3/6
ANIMAL PHYSIOLOGY FOR SCHOOLS . . 3/6

THE ELECTRIC TELEGRAPH.
Revised by E. B. BrRiGHT, F.R.A.S. Fcap.8vo,cloth . . . 92/8
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CHEMICAL MANUFACTURES,
CHEMISTRY, ETC.

THE OIL FIELDS OF RUSSIA AND THE RUSSIAN
PETROLEUM INDUSTRY.

A Practical Handbook on the Exploration, Exploitation, and Management
of Russian Oil Properties, including Notes on the Origin of Petroleum in
Russia, a Description of the Theory and Practice of Liquid Fuel, and a
Translation of the Rules and Regulations concerning Russian Oil Prop:rties.
By A. BEeBy THOMPSON, A.M.I.M.E., late Chief Engineer and Manager of the
European Petroleum Company’s Russian Oil Properties. About 500 pp., with
numerous Illustrations and Photographic Plates, and a Map of the Balakhany-
Saboontchy-Romany Oil Field. Super-royal 8vo, cloth.

ust Published. Net £3 3s.

THE ANALYSIS OF OILS AND ALLIED SUBSTANCES.

By A. C. WricHT, M.A.Oxo0n., B.Sc.Lond., formerly Assistant Lecturer in
Chemistry at the Yorkshire College, Leeds, and Lecturer in Chemistry at the
Hull Technical School. Demy 8vo, cloth. . ; g 5 ; Net 90

THE GAS ENGINEER’S POCKET-BOOK.

Comprising Tables, Notes and Memoranda relating to the Manufacture,
Distribution and Use of Coal Gas and the Construction of Gas Works. By
H. O'Connor, A.M.Inst.C.E. Second Edition, Revised. 470 pp., crown 8vo,
fully Illustrated, leather . . : i - ; L y . 10/6

* The book contains a vast amount of information. The author goes consecutively through
the engineering details and practical methods involved in each of the different processes or parts
of a gas-works. He has certainly succeeded in making a compilation of hard matters of fact
absolutely interesting to read.”—Gas Worid.

** The volume contains a great quantity of specialised information, compiled, we believe, from
trustworthy sources, which should make it of considerable value to those for whom it is specifically
produced.”—FEngineer.

LIGHTING BY ACETYLENE

Generators, Burners, and Electric Furnaces. By WiLLiam E. Giees, M.E.
With 66 Illustrations. Crown 8vo, cloth. - . ; p . . 786

ENGINEERING CHEMISTRY.

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron
Masters, Iron Founders, Students and others. Comprising Methods of Analysis
and Valuation of the Principal Materials used in Engineering Work, with
numerous Analyses, Examples and Suggestions. By H. JosHUA PHILLIPS
F.I.C, F.C.S. Third Edition, Revised and Enlarged. Crown 8vo, 430 pp.,
with Plates and other Illustrations, cloth. g . Net 10/8

“In this work the author has rendered no small service to a numerous body of practical
men. . , . The analytical methods may be pronounced most satisfactory, being as accurate as the
despatch required o¥ engineering chemists permits.”—Chemzical News.

*The analytical methods given are, as a whole, such as are likely to give rapid and trust-

worthy results in experienced hands, . . . There is much excellent descriptive matterin the work,
the chapter on * Oils and Lubrication’ being specially noticeable in this respect.”—Hngineer,
NITRO-EXPLOSIVES.

A Practical Treatise concerning the Properties, Manufacture, and Analysis
of Nitrated Substances, including the Fulminates, Smokeless Powders, and
Celluloid. By P. GErRALD San¥orD, F.1.C., Consulting Chemist to the Cotton
Powder Company, Limited, &c. With Illustrations. Crown 8vo, cloth. 9/0

*“One of the very few text-books in which can be found just what is wanted. Mr. Sanford
goes steadily through the whole list of explosives commonlé' used, he names any given explosive,
and tells us of what it is composed and how it is manufactured. The book is excellen S —BEngineery.

A HANDBOOK ON MODERN EXPLOSIVES.

A Practical Treatise on the Manufacture and Use of Dynamite, Gun-Cotton,
Nitro-Glycerine and other Explosive Compounds, including Collodion-Cotton.
With Chapters on Explosives in Practical Application. By M. EissLEr., M. E.
Second Edition, Enlarged. Crown 8vo, cloth : y : ; . 12/8

‘“ A veritable mine of information on the subject of explosives employed for military, mining
and blasting purposes.” —d iy and Navy Gazette.

CHEMICAL MANUFACTURES, CHEMISTRY, &c¢. 35

A MANUAL OF THE ALKALI TRADE.

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching
Powder. By Jonn Lomas, Alkali Manufacturer. With 232 Illustrations
and Working Drawings, Second Edition, with Additions. Super-royal 8vo,
cloth - ; i ; ; : ; . ; . ; . £1 10s.

“ We find not merely a sound and luminous explanation of the chemical principles of the
trade, but a notice of numerous matters which have a most important bearing on the successful
conduct of alkali works, but which are generally overlooked by even experienced technological
authors,”—Chermical Review,

DANGEROUS GOODS.

Their Sources and Properties, Modes of Storage and Transport. With Notes

and Comments on Accidents arising therefrom. A Guide for the Use of

Government and Railway Officials, Steamship Owners, &c. By H. Josuua

Puaiiries, F.I.C,, F.C.S. Crown 8vo, 374 pp., cloth . : i . 9/0
s Merits a wide circulation, and an intelligent, appreciative study.”—Chkertical News.

THE BLOWPIPE IN CHEMISTRY, MINERALOQY, Ete.

Containing all known Methods of Anhydrous Analysis, many Working
Examples;gand Instructions for Making Apparatus. By Lieut.-Colonel W. A.
Ross, R.A., F.G.S. Second Edition, Enlarged. Crown 8vo, cloth . §/0

¥ The student who goes conscientiously through the course of experimentation here laid down

will gain a better insight into inorganic chemistry and mineralogy than if he had * got up ’ any of the
best text-books of the day, and passed any number of examinations in their contents "—Chemnical

News,

THE MANUAL OF COLOURS AND DYE-WARES.

Their Properties, Applications, Valuations, Impurities and Sophistications.
For the Use of I’)yers, Printers: Drysalters, Brokers, &c. By J. W. SLATER.
Second Edition, Revised and greatly Enlarged. Crown 8vo, cloth . 18

* There is no other work which covers precisely the same groun,fi. To s-tuden’gs preparing
for examinations in dyeing and printing it will prove exceedingly useful.”"—Chemical News.

A HANDY BOOK FOR BREWERS.

Being a Practical Guide to the Art of Brewing and Malting. Embracing the
Conclusions of Modern Research which bear upon the Practice of Brewing.
By HErBerT EDWARDS WRIGHT, M.A. Second Edition, Enlarged. Crown
8vo, 530 pp., cloth . : " . ¢ 3 ‘ ; . A . 12/8

‘“ May be consulted with advantage by the student who is preparing himself for examinational
tests, while the scientific brewer will find in it a »édsued of all the most important discoveries of
modern times, The work is written throughout in a clear and concise manner, and” the authon:
takes great care to discriminate between vague theories and well-established facts "—ZBrewers

Z -
?ouw‘c‘awe have great pleasure in recommending this handy book, and have no hesitation in saying

that it is one of the best—if not the best—which has yet been written on the su,bje:ct of bfer-brewing'
In this country; it should have a place on the shelves of every brewer’s library.”—ZBrewers

Guardian.

FUELS: SOLID, LIQUID, AND GASEOUS.
Their Analysis and Valuation. For the Use of Chemists and Engineers. By
H. J. PuiLries, F.C.S., formerly Analytical and Consulting Chemist to the
G.E. Rlwy. Fourth Edition. Crown 8vo, cloth . ” ; : . 2/0

* Qught to have its place in the laboratory of every metaliurgical establishment and wherever
fuel is used on a large scale.”—Chemical News,

THE ARTISTS’ MANUAL OF PIGMENTS.
Showing their Composition, Conditions of Permanency, Non-Permanency, and
Ad?ﬁvter%.tions, &c., with Tests of Purity. By H. é STANDAGE. Third
Edition. Crown 8vo, cloth . # : : . 2/8

s: This work is indeed #muitim-in-parve, and we can, with good conscé’ence. reqommenc} it to
all who come in contact with pigments, whether as makers, dealers, or users.”—Chemical Review.

A POCKET-BOOK OF MENSURATION AND GAUGING.

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers,
Spirit Me%chants, &e. B;r J. B. ManT, Inland Revenue. Second Edition,
Revised. 18mo, leather . : ; A . . > : ! . 4/0
¢ Should be in the hands of every practical brewer.” —Brewers’ Fournai,
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INDUSTRIAL ARTS, TRADES, AND
MANUFACTURES.

TEA MACHINERY AND TEA FACTORIES.

A Descriptive Treatise on the Mechanical Appliances required in the
Cultivation of the Tea Plant and the Preparation of Tea for the Market. By
A. J. WaLL1s-TAVYLER, A. M. Inst. C.E. Medium 8vo, 468 pp. With 218
Illustrations . - : 2 . . : . " ‘ . WNet 25/0
3 SUMMARY OF CONTENTS.

MECHANICAL CULTIVATION OR TILLAGE OF THE SOIL.—PLUCKING OR GATHERING
THE LEAF.—TEA FACTORIES.—THE DRESSING, MANUFACTURE, OR PREPARATION
OF TEA BY MECHANICAL MEANS. — ARTIFICIAL WITHERING OF THE LEAF.—
MACHINES FOR ROLLING OR CURLING THE LEAF.—FERMENTING PROCESS, —
MACHINES FOR THE AUTOMATIC DRYING OR FIRING OF THE LEAF,—MACHINES FOR
NON-AUTOMATIC DRYING OR FIRING OF THE LEAF.—DRYING OR FIRING MACHINES,
—BREAKING OR CUTTING, AND SORTING MACHINES.—PACKING THE TEA.—MEANS
OF TRANSPORT ON TEA PLANTATIONS.—MISCELLANEOUS MACHINERY AND APPARATUS.

—FINAL TREATMENT OF THE TEA.—TABLES AND MEMORANDA.,

*“The subject of tea ‘'machinery is now one of the first interest to a large class of people, to
whom we strongly commend the volume.”"—Chamber of Commerce Fournal.

“When tea planting was first introduced into the British possessions little, if any, machinery
was employed, but now its use is almost universal. This volume contains a very full account of the
machinery necessary for the proper outfit of a factory, and also a description of the processes best
carried out by this machinery.”"—Fournal Society of Arts.

FLOUR MANUFACTURE.

A Treatise on Milling Science and Practice. By FriepricH Kick, Imperial
Regierungsrath, Professor of Mechanical Technology in the Imperial German
Polytechnic Institute, Prague. Translated from the Second Enlarged and
Revised Edition with Supplement. By H. H. P. PowLEs, Assoc. Memb.
Institution of Civil Engineers. Nearly 400 pp. Illustrated with 28 Folding
Plates, and 167 Woodcuts. Royal 8vo, cloth . . 3 : . £1 Bs.
¢ This invaluable work is, and will remain, the standard authority on the science of milling. . . .
The miller who has read and digested this work will have laid the foundation, so to speak, of a
successful career ; he will have acquired a number of general principles which he can proceed to
apply. In this handsome volume we at last have the accepted text-book of modern milling in good,
sound English, which has little, if any, trace of the German idiom."—7%e Mzller.

““ The appearance of this celebrated work in English is very opportune, and British millers
will, we are sure, not be slow in availing themselves of its pages.”—Mzllers® Gazette.

COTTON MANUFACTURE.

A Manual of Practical Instruction of the Processes of Opening, Carding,
Combing, Drawing, Doubling and Spinning of Cotton, the Methods of
Dyeing, &c. For the Use of Operatives, Overlookers, and Manufacturers.
By Joun LiSTER, Technical Instructor, Pendleton. 8vo, cloth . . 7/8

“ This invaluable volume is a distinct advance in the literature of cotton manufacture.”—

Machinery.
¢“ It is thoroughly reliable, fulfilling nearly all the requirements desired.”—Glasgow Herald

MODERN CYCLES.

A Practical Handbook on their Construction and Repair. By A. J. WaLLis-
TAviLER, A. M. Inst. C. E., Author of ‘‘ Refrigerating Machinery,” &c. With
upwards of 3oo Illustrations. Crown 8vo, cloth . . : : . 10/6

*“The large trade that is done in the component parts of bicycles has placed in the wa¥ of
men mechanically inclined extraordinary facilities for building bicycles for their own use. . . . The
book will prove a valuable guide for all those who aspire to the manufacture or repair of their own
machines.”— 7/%e Field,

“ A most comprehensive and up-to-date treatise.”— The Cycie.

** A very useful book, which is quite entitled to rank as a standard work for students of cycle
«construction.”— I teeling.

MOTOR CARS OR POWER CARRIAGES FOR COMMON

ROADS.
By A. J. Wavrris-TAVYLER, Assoc. Memb. Inst. C.E., Author of ‘‘ Modern
Cycles,” &c. 212 pp., with 76 Illustrations. Crown 8vo, cloth . . 4/6

““The book is clearly expressed throughout, and is just the sort of work that an engineer,
thinking of turning his attention to motor-carriage work, would do well to read as a preliminary to
starting operations.”—ZEngineering

a
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PRACTICAL TANNING.

A Handbook of Modern Procesess, Receipts, and Suggestions for the Treatment
of Hides, Skins, and Pelts of every Description. By L. A. FLEMMING,
American Tanner. 472 pages. 8vo, cloth. [Just Published. Nei 285|0

THE ART OF LEATHER MANUFACTURE.

Being a Practical Handbook, in which the Operations of Tanning, Currying,
and Leather Dressing are fully Described, and the Principles of Tanning
Explained, and many Recent Processes Introduced ; as also Methods for the
Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gut
Dressing, &c. By ALEXANDER WATT. Fourth Edition. Crown 8vo cloth.

S/0

** A sound, comprehensive treatise on tanning and its accessories. The book is an eminently
r?alugble production, which redounds to the credit of both author and publishers.”—Chemical
eview.

THE ART OF SOAP-MAKING. :

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet
Soaps, &c. Including many New Processes, and a Chapter on the Recovery of
Glycerine from Waste Leys. By ALExaNDER WaTT. Sixth Edition,
including an Appendix on Modern Candlemaking. Crown 8vo, cloth . 7/6

*The work will prove very useful, not merely to the technological student, but to the
practical soap boiler who wishes to understand the theory of his art.”—Chemzical News.

‘‘ A thoroughly practical treatise. We congratulate the author on the success of his endeavour
to fill a void in English technical literature.” —Nature.

PRACTICAL PAPER-MAKING.

A Manual for Paper-Makers and Owners and Managers of Paper-Mills. With
Tables, Calculations, &c. By G. CrapreErTON, Paper-Maker. With Illus-
trations of Fibres from Micro-Photographs. Crown 8vo, cloth . . 8/0

** The author caters for the requirements of responsible mill hands, apprentices, &c., whilst
his manual will be found of great service to students of technology, as well as to veteran papex-
gakers and mill owners. The illustrations form an excellent feature.”—7e HWorid's Paper Trade

eview,

THE ART OF PAPER-MAKING,

A Practical Handbook of the Manufacture of Paper from Rags, Esparto,
Straw, and other Fibrous Materials, Including the Manufacture of Pulp from
Wood Fibre, with a Description of the Machinery and Appliances used. To
which are added Details of Processes for Recovering Soda from Waste Liquors.
By ALExanNDER WaTT. With Illustrations. Crown 8vo, cloth . . 7/8

** It may be regarded as the standard work on the subject. The book is full of valuable
Information. The ‘Art of Paper-Making’ is in every respect a model of a text-book, either for a
technical class, or for the private student.”—~Pager and Printing Trades Fournal,

A TREATISE ON PAPER.

For Printers and Stationers. With an Outline of Paper Manufacture ; Complete
Tables of Sizes, and Specimens of Different Kinds of Paper. By RicHarD
PARKINSON, late of the Manchester Technical School. Demy 8vo, cloth /6

CEMENTS, PASTES, GLUES, AND GUMS.

A Practical Guide to the Manufacture and Application of the various Aggluti-
nants required in the Building, Metal-Working, Wood-Working, and Leather-
Working Trades, and for Workshop and Office Use. With upwards of goo
Recipes. By H. C. StanpaGge. Third Edition. Crown 8vo,cloth . 2/0

“We have pleasure in speaking favourably of this volume. So far as we have had
experience, which is not inconsiderable, this manual is trustworthy." —d¢ken@iir,

THE CABINET-MAKER’S GUIDE
TO THE ENTIRE CONSTRUCTION OF CABINET WORK.
Including Veneering, Marquetrie, Buhlwork, Mosaic, Inlaying, &c. By
RicHARD BiTMEAD. Illustrated with Plans, Sections, and Working Drawings.
Small crown 8vo, cloth . g = . . 2/6

FRENCH POLISHING AND ENAMELLING.

A Practical Work of Instruction. Including Numerous Recipes for making
Polishes, Varnishes, Glaze-Lacquers, Revivers, &. By RicHARD BITMEAD,
Author of ‘‘ The Cabinet-Maker’s Guide.” Small crown 8vo,cloth . 1/8
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WATCH REPAIRING, CLEANING, AND ADJUSTING.

A Practical Handbook dealing with the Materials and Tools Used, and the
Methods of Repairing, Cleaning, Altering, and Adjusting all kinds of English
and Foreign Watches, Repeaters, Chronographs. and Marine Chronometers.
By F. J. GArRrRARD, Springer and Adjuster of Marine Chronometers and Deck
Watches for the Admiralty. With over 200 Illustrations. Crown 8vo, cloth.

[Just Published. Net 46
MODERN HOROLOGY, IN THEORY AND PRACTICE.

Translated from the French of CLAUDIUS SAUNIER, ex-Director of the School
of Horology at Macon, by JurieN TrippriN, F.R.A.S., Besancon Watch
Manufacturer, and EDpwARD Ri1GG, M.A., Assayer in the Royal Mint. With
Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates. Second
Edition. Super-royal 8vo, £2 Qs. cloth ; half-calf . : . £2 10s.

‘ There is no horological work in the English language at all to be compared to this produc-
tlon of M. Saupier’s for clearness and completeness. It is alike good as a guide for the student and
as a reference for the experienced horologist and skilled workman.”—Horological Fournal,

* The latest, the most complete, and the most reliable of those literary productions to which
continental watchmakers are indebted for the mechanical superiority over their English brethren
~in fact, the Book of Books is M. Saunier’s * Treatise.”"— Watchmaker, Feweller, and Silversmith.

THE WATCH ADJUSTER’S MANUAL.

A Practical Guide for the Watch and Chronometer Adjuster in Making,
Springing, Timing and Adjusting for Isochronism, Positions and Temperatures.
By C. E. FriTTs. 370 pp., with Illustrations, 8vo, cloth . . . 16/0

THE WATCHMAKER’S HANDBOOK.

Intended as a Workshop Companion for those engaged in Watchmaking and
the Allied Mechanical Arts. Translated from the French of CLauDIUS
SAUNIER, and enlarged by Jurien TrippLiN, F.R.A.S., and Epwarp Rigg,
M.A., Assayer in the Royal Mint. Third Edition. Cr. 8vo, cloth, . S/0

‘*Each part is truly a treatise in itself. The arrangement is good and the language Is clear
and concise. It is an admirable guide for the young watchmaker.”" —Engincering,

HISTORY OF WATCHES & OTHER TIMEKEEPERS.

By James F. Kenpar, M.B.H. Inst. 1/8 boards; or cloth, gilt . 2/8

** The best which has yet appeared on this subject in the English language.”—/ndustries.
*“Open the book where you may, there is interesting matter in it concerning the ingenious
devices of the ancient or modern horologer.”—Saturday Review.

ELECTRO-PLATING&ELECTRO-REFININGOF METALS.

Being a new edition of ALEXANDER WATT's “ ELECTRO-DEPOSITION.” Re-

vised and Largely Rewritten by ArNoLDp Purrip, B.Sc., A.L.LE.E., Principal

Assistant to the Admiralty Chemist. Large Crown 8vo, cloth. . Net 12/6

*“ Altogether the work can be highly recommended to every electro-plater, and is of un-
doubted interest to every electro-metallurgist.”—Electrical Review.

“Eminently a book for the practical worker in electro-deposition. It contains practical

%esc::iptions of methods, processes and materials, as actually pursued and used in the workshop,” =
ngineer,

ELECTRO-METALLURGY.
Practically Treated. By ALExanDER WATT. Tenth Edition, including the
most recent Processes. 12mo, cloth : . : ; < : . 3/6

* From this book both amateur and artisan may learn everything necessary for the successful
prosecution of electroplating.”—{ro#.

JEWELLER’S ASSISTANT IN WORKING IN GOLD.

A Practical Treatise for Masters and Workmen, Compiled from the Experience
of Thirty Years’ Workshop Practice. By GEOrRGE E. GEE. Crown 8vo. 7/8

" This manual of technical education is apparently destined to be a valuable auxillary to a
handicraft which is certainly capable of great improvement.”— 7%e Times,

ELECTROPLATING.

A Practical Handbook on the Deposition of Copper, Silver, Nickel, Gold,
Aluminium, Brass, Platinum, &c., &. By J. W. UrQu:arT, C.E. Fourth
Edition, Revised. Crown 8vo, cloth . ¢ : . i : . 8/0

‘* An excellent practical manual.”—Engineering
* An excellent work, giving the newest information.”—Horological Fournal.

INDUSTRIAL AND USEFUL ARTS. 39

ELECTROTYPING.

The Reproduction and Multiplication of Printing Surfaces and Works of Art
by the Electro-Deposition of Metals. By J. W. UrqQuuarT, C.E. Crown 8vo,

cloth -~ . ¢ ; 3 3 . 8/C

‘* The book is thoroughly practical ; the reader is, therefore, conducted through the leading
laws of electricity, then through the metals used by electrotypers, the apparatus, and the depositing
processes, up to the final preparation of the work.”—A#¢ Fournal,

GOLDSMITH’S HANDBOOK.
By GEORGE E. GEE, Jeweller, &c. Fifth Edition. 12mo, cloth . . 3/0

““A good, sound educator.”—Hoerological Fournal,

SILVERSMITH’S HANDBOOK.

By GeorGeE E. GEE, Jeweller, &c. Third Edition, with numerous Illustra-
tions. 12mo, cloth : ‘ 4 ; : g : ‘ : . 3/0

“The chief merit of the work is its practical character. . . . The workers in the trade will
speedily discover its merits when they sit down to study it.”—ZEnglish Mechanic.

*«* The above two works together, strongly half-bound, price 7s.

SHEET METAL WORKER’S INSTRUCTOR.

Comprising a Selection of Geometrical Problems and Practical Rules for
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, and
Tin-Plate Workers. By REuBen HENRY WARN, Practical Tin-Plate Worker.
New Edition, Revised and greatly Enlarged by Josepu G. HORNER,
A.M.I.M.E. Crown 8vo, 254 pp., with 430 Illustrations, cloth . . 716

SAVOURIES AND SWEETS

Suitable for Luncheons and Dinners. By Miss M. L. ArLLeEn (Mrs. A.
Macairg), Author of *“ Breakfast Dishes,” &c. Twenty-ninth Edition. F’cap
8vo, sewed . . ; : : ; : ; e 1/0

BREAKFAST DISHES

For Every Morning of Three Months. By Miss ALLEN (Mrs A. MACAIRE),
Author of “Savouries and Sweets,” &c. Twenty-second Edition. F’cap 8vo,

sewed . : ’ ' : g 7 F g ' ‘ . : . 10
BREAD & BISCUIT BAKER'S & SUGAR-BOILER’'S
ASSISTANT,.
including a large variety of Modern Recipes. With Remarks on the Art of
Bread-making. By RoBErT WELLS. Third Edition. Crown 8vo . . 1/0

** A large number of wrinkles for the ordinary cook, as well as the baker.”—Sazurday Review.

PASTRYCOOK & CONFECTIONER’S GUIDE.

For Hotels, Restaurants, and the Trade in general, adapted also for Family
Use. By R. WELLS, Author of ‘‘ The Bread and Biscuit Baker ” . . 1/0

‘“ We cannot speak too highly of this really excellent work. Inthese days of keen competition
our readers cannot do better than purchase this book.”—Bakers’ Times,

ORNAMENTAL CONFECTIONERY.

A Guide for Bakers, Confectioners and Pastrycooks ; including a variety of
Modern Recipes, and Remarks on Decorative and Coloured Work. With 129

Original Designs. By RoBErT WELLS. Crown 8vo, cloth . 7 4
** A valuable work, practical, and should be in the hands of every baker and confectioner.
The Hlustrative designs are worth treble the amount charged for the work.”"—Bakers’ Temes.

MODERN FLOUR CONFECTIONER.

Containing a large Collection of Recipes for Cheap Cakes, Biscuits, &c. With
remarks on the Ingredients Used in their Manufacture. By R. WELLs. 1/0

*“The work is of a decidedly practical character, and in every recipe regard is had to economical
working."—North British Daily Mail.

RUBBER HAND STAMPS

And the Manipulation of Rubber. A Practical Treatise on the Manufacture of
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektograph,
Special Inks, Cements, and Allied Subjects. By T. O’CoNorR SLOANE, A. BI.,
Ph.D. With numerous Iilustrations. Square 8vo, cloth. / ; . B/O
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HANDYBOOKS FOR HANDICRAFTS.

BY PAUL N. HASLUCK,

Editor of * Work " (New Series), Author of “ Lathe Work,” ** Milling Machines,” &c.
Crown 8vo, 144 pp., price 1s. each.

I==" These HANDYBOOKS have been written to supply information for WoORKMEN,
STUDENTS, and AMATEURS % the several Handicrafts, on the actual PRACTICE of
the WoRKsSHOP, and are intended to convey tn plain language TEcuNICAL KNOWw-
LEDGE 0f the seveval CrarTs. In describing the processes employed, and the manipt-
lation_of material, workshop tevms are used ; workshop practice is fully explained ;
and the text 1s freely illustrated with drawings of modern tools, appliances, and
processes.,

METAL TURNER’S HANDYBOOK.

A Practical Manual for Workers at the Foot-Lathe. With roo [llustrations.

‘** The book will be of-service alike to the amateur and the artisan turner, It displays
thorough knowledge of the subject.”—Scotsmasn.

WOOD TURNER’S HANDYBOOK.
A Practical Manual for Workers at the Lathe. With over 1co Illustrations.

10

* We recommend the book to young turners and amateurs. A multitude of workmen have
hitherto sought in vain for a manual of this special industry.”—Mechanical World,

WATCH JOBBER’'S HANDYBOOK.

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of

100 Illustrations { 1 X ! i ‘ : ’ : . . 1/0
** We strongly advise all young persons connected with the watch trade to acquire and study
this Inexpensive work.”—Clerkenwell Chronicle.

PATTERN MAKER’S HANDYBOOK.

A Practical Manual on the Construction of Patterns for Founders. With

upwards of 100 Illustrations : ' 2 : 4 : . ; . 1/0
** A most valuable, if not indispensable manual for the pattern maker.”—Know/ledge.

MECHANIC'S WORKSHOP HANDYBOOK.

A Practical Manual on Mechanical Manipulation, embracing Information
on various Handicraft Processes. With Useful Notes and Miscellaneous

Memoranda. Comprising about 200 Subjects . A . ; ; . 1/0
**A very clever and useful book, which should be found in every workshop; and it should
certainly find a place in all technical schools.”—Safurday Review.

MODEL ENGINEER’S HANDYBOOK.

A Practical Manual on the Construction of Model Steam Engines. With

upwards of roo Illustrations. { : : : . ‘ : : . 1/0
** Mr. Hasluck has produced a very good little book.”—Buzlder,

CLOCK JOBBER’S HANDYBOOK.

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of

100 Illustrations . . : ; : ‘ ! : : ] : - 110
*1t is of inestimable service to those commencing the trade.”—Coventry Standard.

CABINET WORKER’S HANDYBOOK.

A Practical Manual on the Tools, Materials, Appliances, and Processes

employed in Cabinet Work. With upwards of 100 Illustrations . . 1/0
**Mr. Hasluck’s thorough-going little Handybook is amongst the most practical guldes we
have seen for beginners in cabinet-work.” —Saturday Review.

WOODWORKER’S HANDYBOOK.

Embracmg_ Information .on the Tools, Materials, Appliances and Processes
Employed in Woodworking, With ro4 Illustrations. : : ’ . 1/0

** Written by a man who knows, not only how work ought to be done, but how to do it, and
aow to convgr his knowledge to others.”—ZEngineering.

* Mr. Hasluck writes admirably, and gives complete instructions.” —Engineer.

'* Mr. Hasluck combines the experience of a practical teacher with the manipulative skill and
sclentific knowledge of processes of the trained mechanician, and the manuals are marvels of what
can be produced at a popular price.”—Schoolmaster.

** Helpful to workmen of all ages and degrees of experience,”—Datly Chronicle,

** Concise, clear, and practical.”—Saturday Review.

COMMERCE, COUNTING-HOUSE WORK, TABLES, &x. 41

COMMERCE, COUNTING-HOUSE WORK,
TABLES, ETC.

LESSONS IN COMMERCE.

By Professor R. GAMBARO, of the Royal High Commercial School at Genoa.
KEdited and Revised by James GauLT, Professor of Commerce and Commercial
Law in King’s College, London. Fourth Edition. Crown 8vo, cloth . 8/6

** The publishers of this work have rendered considerable service to the cause of commercial
education by the opportune production of this volume. . . . The work is peculiarly acceptable to
English readers and an admirable addition to existing class books. In a phrase, we think the work
attains its object in furnishing a brief account of those laws and customs of British trade with which
the commercial man interested therein should be familiar.”—Chamtber of Commerce Fournal,

** An invaluable guide in the hands of those who are preparing for a commercial career, and,
In fact, the information it contains on matters of business should be impressed on every one.”’—
Counting Howuse,

THE FOREIGN COMMERCIAL CORRESPONDENT.

Being Aids to Commercial Correspondence in Five Languages—English,
French, German, Italian, and Spanish. By Conrap K. Baker. Third
Edition, Carefully Revised Throughout. Crown 8vo, cloth . " . 4/6

* Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do
better than study this work, the materials of which are excellent and conveniently arranged. They
consist not of entire specimen letters, but—what are far more useful—short passages, sentences, ox
phrases expressing the same general idea in various forms.”—AZzenzum.

‘* A careful examination has convinced us that it is unusually complete, well arranged and
reliable. The book is a thoroughly good one.”—Schoolmaster,

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE.

A Handbook for Accountants and Manufacturers, with Appendices on the
Nomenclature of Machine Details; the Income Tax Acts; the Rating of
Factories ; Fire and Boiler Insurance ; the Factory and Workshop Acts, &c.,
including also a Glossary of Terms and a large number of Specimen Rulings.
By EmiLE GArckE and J. M. FeLLs., Fifth Edition, Revised and Enlarged.
Demy 8vo, cloth . ‘ g ; : 3 i : i : A 76

** A very interesting description of the requirements of Factory Accounts. . . , The principle
of assimilating the Factory Accounts to the general commercial books is one which we thoroughly
agree with."—d ccountanis’ Fournal,

‘“ Characterised by extreme thoroughness. There are few owners of factorles who would not
derive great benefit from the perusal of this most admirable work.”—ZLocal Government Chronicle,

MODERN METROLOGY.

A Manual of the Metrical Units and Systems of the present Century. With
an Appendix containing a proposed Knglish System. By Lowis D. A.
Jackson, A. M. Inst. C. E., Author of ‘‘ Aid to Survey Practice,” &c. Large
crown 8vo, cloth: . . . VL A

“*We recommend the work to all interested in the practical reform of our weights and
measures.” —Nature,

A SERIES OF METRIC TABLES.

In which the British Standard Measures and Weights are compared with those
of the Metric System at present in Use on the Continent. By C. H. DowLing,
C.E. 8vo, cloth . ” X ” G 2 5 & . 10/8

* Mr. Dowling’'s Tables are well put together as a ready reckoner for the conversion of one
system into the other.”—dA thenazim.

IRON AND METAL TRADES' COMPANION.

For Expeditiously Ascertaining the Value of any Goods bought or sold by
Weight, from 1s. per cwt. to 112s. per cwt., and from one farthing per pound to
one shilling per pound. By TrHomas DownNiE. Strongly bound in leather,
396 pp. - > " . . : . . 3 g . 90

‘* A most useful set of tables, nothing like them before existed.”—Buildirng News. -
‘" Although specially adapted to the iron and metal trades, the tables will be found useful in
every other business in which merchandise is bought and sold by welght.” —Rad/way News,

L
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR.

Containing u%wards of 250,000 Separate Calculations, showing at a Glance the
Value at 422 Different Rates, ranging from }5th of a Penny to 20s. each, or per
cwt., and 420 per ton, of any number of articles consecutively, from 1 to 470.
Any number of cwts., grs., and lbs., from 1 cwt. to 470 cwts. Any number of
tons, cwts., qrs., and lbs., from 1 to 1,000 tons. By WiLLiamMm CHADWICK,
Public Accountant. Third Edition, Revised and Improved. 8vo, strongly
bound . . " ‘ ‘ : . . . : " i . 18/0

., *It is as easy of reference for any answer or any number of answers as a dictionary., For
making up accounts or estimates the book must prove invaluable to all who have any considerable
quantity of calculations involving price and measure in any combination to do.”—Engisneer.

*The most perfect work of the kind yet prepared.”’—Glasgow Herald.

THE WEIGHT CALCULATOR.

Being a Series of Tables upon a New and Comprehensive Plan, exhibiting at
one Reference the exact Value of any Weight from 1 lb. to 15 tons, at 300
Progressive Rates, from 1d. to 168s. per cwt., and containing 186,000 Direct
Answers, which, with their Combinations, consisting of a single addition
(mostly to be performed at sight), will afford an aggregate of 10,266,000
Answers ; the whole being calculated and designed to ensure correctness and
promote despatch. By HEnrvy HARBEN, Accountant. Sixth Edition, carefully
Corrected. Royal 8vo, strongly half-bound. (Just Published. £1 Bs.

** A practical and useful work of reference for men of business generally.” —ZIronmonger.
““Of priceless value to business men. It is a necessary book in aJY mercantile offices,”—
Sheffield Independent,

THE DISCOUNT GUIDE.

Comprising several Series of Tables for the Use of Merchants, Manufacturers,
Ironmongers, and Others, by which may be ascertained the Exact Profit arising
from any mode of using Discounts, either in the Purchase or Sale of Goods, and
the method of either Altering a Rate of Discount, or Advancing a Price, so as
to produce, by one operation, a sum that will realise any required Profit after
allowing one or more Discounts: to which are added Tables of Profit or
Advance from 1} to go per cent., Tables of Discount from 1% to 982 per cent.,
and Tables of Commission, &c., from % to 1o per cent. By HEnrRy HARBEN,
Accountant. New Edition, Corrected. Demy 8vo, half-bound . £1 Bs.

“ A book such as this can only be appreciated by business men, to whom the saving of time
means saving of money. The work must prove of great value to merchants, manufacturers, and
general traders.”—British Trade Fournal,

TABLES OF WAGES.

At 54, 52, 50 and 48 Hours per Week. Showing the Amounts of Wages from
One quarter of an hour to Sixty-four hours, in each case at Rates of Wages
advancing by One Shilling from 4s. to 555. per week. By THos. GARBUTT,
Accountant. Square crown 8vo, half-bound . : ; : i . B6/0

iRON-PLATE WEIGHT TABLES.

For Iron Shipbuilders, Engineers, and Iron Merchants. Containing the
Calculated Weights of upwards of 150,000 different sizes of Iron Plates from
1 foot by 6 in. by % in. to 1o feet by 5 feet by 1 in. Worked out on the Basis of
4c Ibs. to the square foot of Iron of 1 inch in thickness. By H. BURLINSON
and W. H. SimpsSON. 4to, half-bound . - ; ; ¢ . £1 Bs.

”
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AGRICULTURE, FARMING,
GARDENING, ETC.

THE COMPLETE GRAZIER AND FARMER’S AND
CATTLE BREEDER’S ASSISTANT.

A Compendium of Husbandry. Originally Written by WiLLiaAM YOUATT.

Fourteenth Edition, entirely Re-written, considerably Enlarged, and brought

up to Present Requirements, by WiLLiaM FrEam, LL.D., Assistant Com-

missioner, Royal Commission on Agriculture, Author of ‘ The Elements of

Agriculture,” &c. Royal 8vo, 1,100 pp., 450 Illustrations, han dsomely bound.

BOOK I. ON THE VARIETIES, BREEDING,
REARING, FATTENING AND MANAGE-
MENT OF CATTLE.

Book II. ON THE ECONOMY AND MAN-
AGEMENT OF THE DAIRY,

BOOK III. ON THE BREEDING, REARING,
AND MANAGEMENT OF HORSES.

BOOK IV. ON THE BREEDING, REARING,
AND FATTENING OF SHEEP,

BOOK V. ON THE BREEDING, REARING,
AND FATTENING OF SWINE,

BOOK VI, ON THE DISEASES OF Li1vE
STOCK,

£1 11s. Bo.

BoOK VII. ON THE BREEDING, REARING,
AND MANAGEMENT OF POULTRY,

Beook VIII. ON FARM OFFICES AND
IMPLEMENTS OF HUSBANDRY.

Book IX. ON THE CULTURE AND MAN-
AGEMENT OF GRASS LANDS,

Book X, ON THE CULTIVATION AND
APPLICATION OF GRASSES, PULSE AND
ROOTS.

Book XI. ON MANURES AND THEIR
APPLICATION TO GRASS LAND AND
CROPS.

Becok XII. MONTHLY CALENDARS OF

FARMWORK,

** Dr. Fream is to be congratulated on the successful attempt he has made to give us a work
which will at once become the standard classic of the farm practice of the country. We believe
that it will be found that it has no compeer among the many works at present in existence. . . .
The illustrations are admirable, while the frontispiece, which represents the well-known bull,
New Year's Gift, bred by the Queen, is a work of art.”"— 7 ze Timzes.

“The book must be recognised as occupying the proud position of the most exhaustive work
of reference in the English language on the subject with which it deals.”—d¢theneum.

* The most comprehensive guide to modern farm practice that exists in the English language
to-day, . . . The book is one that ought to be on every farm and in the library of every land
owner.'—Mark Lane Express.

‘““In point of exhaustiveness and accuracy the work will certainly hold a pre-eminent and
unl;iue position among books dealing with scientific agricultural practice. It is, in fact, an agricul-
tural library of itself.”—North British Agriculturist,

FARM LIVE STOCK OF GREAT BRITAIN.

By RoserT WaLLAcE, F.L.S., F.R.S.E., &c., Professor of Agriculture and
Rural Economy in the University of Edinburgh. Third Edition, thoroughly
Revised and considerably Enlarged. With over 120 Phototypes of Prize
Stock. Demy 8vo, 384 pp., with 79 Plates and Maps, cloth. - . 12/8
** A really complete work on the history, breeds, and management of the farm stock of Great
Bﬂ;‘?tlen’T and one which is likely to find its way to the shelves of every country gentleman's library.”
— i7es.
“The ¢ Farm Llve Stock of Great Britain’ is a production to be proud of, and its issue not the
least of the services which its author has rendered to agricultural science.”"—Scottish Farmer,

NOTE-BOOK OF AGRICULTURAL FACTS & FIGURES
FOR FARMERS AND FARM STUDENTS,

By PrivrosE McConNELL, B.Sc., Fellow of the Highland and Agricultural
Society, Author of * Eiements of Farming.” Sixth Edition, Re-written, Revised,
and greatly Enlarged. Fcap. 8vo, 480 pp., leather, gilt edges . . B8/0
CONTENTS.—SURVEYING AND LEVELLING.—WEIGHTS AND MEASURES.—MACHINERY
AND BUILDINGS. — LABOUR. — OPERATIONS. — DRAINING. — EMBANKING. — GEOLOGICAL
MEMORANDA. — SOILS. — MANURES. — CROPPING. — CROPS.—ROTATIONS. - WEEDS, —
FEEDING.—DAIRYING.—LIVE STOCK.—HORSES,— CATTLE. — SHEEP.—PIGS.—POULTRY,—
FORESTRY.—HORTICULTURE.—MISCELLANEQUS,.
“ No farmer, and certainly no agricultural student, ought to be without this multurmn-in-parve
manual of all subjects connected with the farm."—Nostk British Agriculticrist.
“This little pocket-book contains a large amount of useful information upon all kinds of
agricultural subjects. Something of the kind has long been wanted.”—Mark Lane Express. :
*The amount of information it contains is most surprising ; the arrangement of the matter is
so methodical—although so compressed—as to be intelligible to everyone who takes a glance through
its pages. They teem with information.”"—Farwz and Home.

THE ELEMENTS OF AGRICULTURAL GECLOGY.

A Scientific Aid to Practical Farming. By PrimrosE McConNELL. Author or
‘‘ Note-Book of Agricultural Facts and Figures,” &c. Royal 8vo, ‘(l:\lIOth.Q‘] et
et

**On every page the work bears the impress of a masterly knowledge of the subject dealt
with, and we have nothing but unstinted praise to offer.”—Field.
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BRITISH DAIRYING.

A Handy Volume on the Work of the Dairy-Farm. For the Use of Technical
Instruction Classes, Students in Agricultural Colleges and the Working Dairy-
Farmer. By Prof. J. P. SuELDONX. With Illustrations. Second Edition,
Revised. Crown 8vo, cloth ; : ; . . 2/6

** Confidently recommended as a useful text-book on dalry farming.”—A4gricultural Gazette.

‘‘ Probably the best half-crown manual on dairy work that has yet been produced.”—Nortk
British A griculturist.

*“It 1s the soundest little work we have yet seen on the subject.”—7Tke Times,

MILK, CHEESE, AND BUTTER.

A Practical Handbook on their Properties and the Processes of their Produc-
tion. Including a Chapter on Cream and the Methods of its Separation from
Milk. By JouN OLIVER, late Principal of the Western Dairy Institute,
Berkeley. With Coloured Plates and 200 1llustrations. Crown 8vo, cloth.

7/6

* An exhaustive and masterl;y production. It may be cordially recommended to all students
and practitioners of dairy science.”—North British Agriculturist,
“*We recommend this very comprehensive and carefully-written book to dairy-farmers and.
sgtudents of dairying. It is a distinct acquisition to the library of the agriculturist.” —Agriculturai
azerte.

SYSTEMATIC SMALL FARMING.

Or, The Lessons of My Farm. Being an Introduction to Modern Farm
Practice for Small Farmers. By R. ScorT BUrN, Author of ‘ Outlines of
Modern Farming,” &c. Crown 8vo, cloth. g - ; a : . B8/0

** This is the completest book of its class we have seen, and one which every amateur farmer
will read with pleasure, and accept as a guide.”—Fze/d. :

OUTLINES OF MODERN FARMING.

By R. ScorT BURN. Soils, Manures, and Crops—Farming and Farming
Economy—Cattle, Sheep, and Horses—Management of Dairy, Pigs, and
Poultry—Utilisation of Town-Sewage, Irrigation, &c. Sixth Edition. In One
Vol., 1,250 pp., half-bound, profusely Illustrated . y . ’ . 12/0

FARM ENGINEERING, The COMPLETE TEXT=-BOOK of.

Comprising Draining and Embanking ; Irrigation and Water Supply ; Farm
Roads, Fences and Gates ; Farm Buildings ; Barn Implements and Machines;
Field Implements and Machines ; Agricultural Surveying, &c. By Professor
JoHx ScorTt. In One Vol, 1,150 pp., half-bound, with over oo Illustrations.

12/0

** Written with great care, as well as with knowledge and ability. The author has done his
work well; we have found him a very trustworthy guide wherever we have tested his statements,
The volume will be of great value to agricultural students.”—Mark Lane Express.

THE FIELDS OF GREAT BRITAIN.

A Text-Book of Agriculture. Adapted to the Syllabus of the Science and
Art Department. For Elementary and Advanced Students. By HucH
CLEMENTS (Board of Trade). Second KEdition, Revised, with Additions.
18mo, cloth . ; : 4 . ; . : ; ‘ . : . 2/6

‘“It is a long time since we have seen a book which has pleased us more, or which contains
such a vast and useful fund of knowledge. " —Educational Times.

TABLES and MEMORANDA for FARMERS, GRAZIERS,
AGRICULTURAL STUDENTS, SURVEYORS, LAND AGENTS,
AUCTIONEERS, &c.

With a New System of Farm Book-keeping. By Sipney Francis. Fifth
Edition. 272 pp., waistcoat-pocket size, limp leather . " ; . 1/6

** Weighing less than 1 oz., and occupying no more space than a match-box, it contains 2 mass
of facts and calculations which has never before, in such handy form, been obtainable. Every
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole of
the tables having been revised by Dr. Fream. We cordially recommend it.”"—Bell's Weekly
Messenger.

THE ROTHAMSTED EXPERIMENTS AND THEIR
PRACTICAL LESSONS FOR FARMERS.

Part I. Stock. Part II. Crops. By C. J. R. TirprEr. Crown 8vo, clé)ll:la

; “We have no doubt that the book will be welcomed by a large class of farmers and others
interested in agriculture.”—Standard,
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FERTILISERS AND FEEDING STUFFS.

Their Properties and Uses. A Handbook for the Practical Farmer. By
BerNARD DYER, D.Sc. (Lond.). Witk the Text of the Fertilisers and Feeding
Stuffs Act of 1893, The Regulations and Forms of the Board of Agriculture,
and Notes on the Act by A. J. Davip, B.A.,, LL.M. Fourth Edition, Revised.
Crown 8vo, cloth. [Just Published. 1/0

* This little book is precisely what it professes to be—‘A Handbook for the Practical
Farmer.’ Dr. Dyer has done farmers good service in placing at their disposal so much useful

4nformation in so intelligible a form.”—Z7%e Timzes.

BEES FOR PLEASURE AND PROFIT.

A Guide to the Manipulation of Bees, the Production of Honey, and the
General Management of the Apiary. By G. GorpoON SamsoN. With
numerous Illustrations. Crown 8vo, wrapper . . A ‘ ¥ . 1/0

BOOK-KEEPING for FARMERS and ESTATE OWNERS.

A Practical Treatise, presenting, in Three Plans, a System adapted for all
Classes of Farms. By JounsoNn M. WoopmaN, Chartered Accountant.
Fourth Edition. Crown 8vo, cloth. [Just Published. 2/6

“ The volume is a capital study of a most important subject.”—d gricultural Gazette.

WOODMAN’S YEARLY FARM ACCOUNT BOOK.

Giving Weekly Labour Account and Diary, and showing the Income and
Expenditure under each Department of Crops, Live Stock, Dairy, &ec., &c.
With Valuation, Profit and Loss Account, and Balance Sheet at the End ot the
Year. By Jounson M. WoopmaN, Chartered Accountant. Second KEdition.
Folio, half-bound . ‘ ' ' . ‘ : . WNet 7/8

% Contains every requisite for keeping farm accounts readily and accurately.”— A4 griculiure.

THE FORCING GARDEN.
Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and
Estimates for Building Glasshouses, Pits and Frames. With Illustrations.
By SamueL Woop. Crown 8vo, cloth . : ’ ‘ 3 - . 3/68
* A good book, containing a great deal of valuable teaching.” —Gardeners' Magazine.

A PLAIN GUIDE TO GOOD GARDENING.

Or, How to Grow Vegetables, Fruits, and Flowers. By 5. Woob. Fourth

Edition, with considerable Additions, and numerous Illustrations. Crown

8vo, cloth . - i ; : ; . - . : . a . 3/8

A very good book, and one to be highly recommended as a practical gulde. The practical
.directions are excellent.”—Athenaun.

MULTUM-IN-PARVO GARDENING.

Or, How to Make One Acre of Land produce 4620 a year, by the Cultivation
of Fruits and Vegetables ; also, How to Grow Flowers in Three Glass Houses,
so as to realise 4176 per annum clear Profit. By SamuEL Woob, Author of

“ Good Gardening,” &c. Sixth Edition, Crown 8vo, sewed . - . 1/0
THE LADIES’ MULTUM=-IN-PARVO FLOWER GARDEN.
And Amateur’s Complete Guide. By S. Woop. Crown 8vo, cloth . 3/8

POTATOES: HOW TO GROW AND SHOW THEM.

A Practical Guide to the Cultivation and General Treatment of the Potato.
By J. Pink. Crown 8vo . . . ‘ . . : 3 > . 2/0

MARKET AND KITCHEN GARDENING.

By C. W. Suaw, late Editor of ‘‘ Gardening Illustrated.” Crown 8vo, dé)tfté
!
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AUCTIONEERING, VALUING, LAND
SURVEYING, ESTATE AGENCY, ETC.

INWOOD’S TABLES FOR PURCHASING ESTATES
AND FOR THE VALUATION OF PROPERTIES,

Including Advowsons, Assurance Policies, Copyholds, Deferred Annuities,
Freeholds, Ground Rents, Immediate Annuities, Leaseholds, Life Interests,
Mortgages, Perpetuities, Renewals of Leases, Reversions, Sinking Funds,
&c., &c. =27th KEdition, Revised and Extended by WiLLIAM ScHOOLING,
F.R.A.S., with Logarithms of Natural Numbers and THoMAN’s Logarithmic
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth.
[ Just Published. Net 8|0
** Those interested in the purchase and sale of estates, and in the aciustment of compensation
cases, as well as in transactions in annuities, life insurances, &c., will find the present edition of
eminent service.” —FEngineerirng.
“ This waluable book has been considerably enlarged and improved by the labours of
Mr. Schooling, and is now very complete indeed.”—ZFEcernomist.
¢ Altogether this edition will prove of extreme value to many classes of professional men in
saving them many long and tedious calculations.”—/nwvestors’ Review.

THE APPRAISER, AUCTIONEER, BROKER, HOUSE
AND ESTATE AGENT AND VALUER’S POCKET ASSISTANT.

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities, and
Reversions, and of Property generally ; with Prices for Inventories, &c. By
gOHN WHEELER, Valuer, &c. Sixth Edition, Re-written and greatly Extended

y C. Norris. Royal 32mo, cloth . . ; ; Wi . . 8/0

** A neat and concise book of reference, containing an admirable and clearly-arranged list of
prices for inventories, and a very practical guide to determine the value of furniture, &c.”"—Standard.

‘¢ Contains a large quantity of varied and useful information as to the valuation for purchase,
sale, or renewal of leases, annuities and reversions, and of property generally, with prices for
inventories, and a guide to determine the value of interior fittings and other effects,”—Buwilder.

AUCTIONEERS: THEIR DUTIES AND LIABILITIES.

A Manual of Instruction and Counsel for the Young Auctioneer. By ROBERT
Squisss, Auctioneer. Second Edition, Revised. Demy 8vo, cloth . 12/6

“The work is one of general excellent character, and gives much information In a com-

pendious and satisfactory form."—ZBuilder.
“May be recommended as giving a great deal of Information on the law relating to

auctioneers, in a very readable form.”—Law Fournal,

THE AGRICULTURAL VALUER’S ASSISTANT.

A Practical Handbook on the Valuation of Landed KEstates; including
Example of a Detailed Report on Management and Realisation; Forms of
Valuations of Tenant Right ; Lists of Local Agricultural Customs ; Scales of
Compensation under the Agricultural Holdings Act, and a Brief Treatise on
Compensation under the Lands Clauses Acts, &c. By Tom BriguT, Agricul-
tural Valuer. Author of ‘‘The Agricultural Surveyor and Estate Agent’s
Handbook.” Fourth Edition, Revised, with Appendix containing a Digest of
the Agricultural Holdings Acts, 1883 and 1goo. Crown 8vo, cloth . Nez 6/0
* Full of tables and examples in connection with the valuation of tenant-right, estates, labour,

contents and weights of timber, and farm produce of all kinds."—d gricultiral Gazette,
* An eminently practical handbook, full of practical tables and data of undoubted interest and

value to surveyors and auctioneers in preparing valuations of all kinds.”—ZFarer.

POLE PLANTATIONS AND UNDERWOODS.

A Practical Handbook on Estimating the Cost of Forming, Renovating,
Improving, and Grubbing Plantations and Underwoods, their Valuation for
Purposes of Transfer, Rental, Sale or Assessment. By Tom BriGaT. Crown
8vo, cloth . . . . . . : . . . . ; . 3/6

“Te valuers, foresters and agents it will be a welcome aid.”—North British Agriculturist.
“ Well calculated to assist the valuer in the discharge of his duties, and of undoubted interest
and use both to surveyors and auctioneers in preparing valuatlons of all kinds. '—Kent Herald,

AUCTIONEERING, VALUING, LAND SURVEYING, &¢. 4%

AGRICULTURAL SURVEYOR AND ESTATE AGENT’S
HANDBOOK.

Of Practical Rules, Formule, Tables, and Data. A Comprehensive Manual

for the Use of Surveyors, Agents, Landowners, and others interested in the

Equipment, the Management, or the Valuation of Landed Estates, By

Tom BrigHT, Agricultural Surveyor and Valuer, Author of ‘‘ The Agri-
cultural Valuer's Assistant,” &c. With Illustrations. Fecap. 8vo, Leather.

Net T7/8

** An exceedingly useful book, the contents of which are admirably chosen. The classes for
whom the work is intended will find it convenient to have this comprehensive handbook accessible
for reference.”—Live Stock Fewrnal.

“It is a singularly compact and well informed compendium of the facts and figures likely to
be required in estate work, and is certain to prove of much service to those to whom it is
addressed.”—Scots»nan.

THE LAND VALUER’S BEST ASSISTANT,

Being Tables on a very much Improved Plan, for Calculating the Value of
Estates. With Tables for reducing Scotch, Irish, and Provincial Customary
Acres to Siatute Measure, &c. By R. Hupson, C.E. New Edition.
Royal 32mo, leather, elastic band : : 4 ! 4/0
* Of incalculable value to the country gentleman and professional man.”—Farmiers' Fournal.

THE LAND IMPROVER’S POCKET-BOOK.

Comprising Formula, Tables, and Memoranda required in any Computation

relating to the Permanent Improvement of Landed Property. By JouN EwARrT,

Surveyor. Second Edition, Revised. Royal 32mo, oblong, leather . 4/0
* A compendious and handy little volume.”—Sgectator.

THE LAND VALUER’S COMPLETE POCKET-BOOK.
Being the above Two Works bound together. Leather . i ; . 7/8

HANDBOOK OF HOUSE PROPERTY.

A Popular and Practical Guide to the Purchase, Tenancy, and Com-
pulsory Sale of Houses and Land, including Dilapidations and Fixtures :
with Examples of all kinds of Valuations, Information on Building and on the
right use of Decorative Art. By K. L. TaArBuck, Architect and Surveyor.
Sixth Edition. 12mo, cloth ; ‘ 3 g s X . ¢ . B5/0

““The advice is thoroughly practical.”—Law Fournal,

** For all who have dealings with house property, this is anindispensable guide.”—Decoration.

¢ Carefully brought up to date, and much improved by the addition of a division on Fine Art,
A well-written and thoughtful work.”"—Land Agents' Record.

LAW AND MISCELLANEOUS.
MODERN JOURNALISM.

A Handbook of Instruction and Counsel for the Young Journalist. By Joun
B. MAckIE, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0

** This invaluable guide to journalism is a work which all aspirants to a journalistic career will
read with advantage.”— Fournalisi,

HANDBOOK FOR SOLICITORS AND ENGINEERS

Engaged in Promoting Private Acts of Parliament and Provisional Orders for
the Authorisation of Railways, Tramways, Gas and Water Works, &c.
By L. L. MacassEy, of the Middle Temple, Barrister-at-Law, M.I.C.E.

8vo, cloth . ; ‘ g . : ; . £1 8s.
PATENTS for INVENTIONS, HOW to PROCURE THEM.

Compiled for the Use of Inventors, Patentees and others. By G. G. M.
HARDINGHAM, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth . . 1/8

CONCILIATION & ARBITRATION in LABOUR DISPUTES.

A Historical Sketch and Brief Statement of the Present Position of the
Question at Home and Abroad. By J. S. Jeans. Crown 8vo, zcc pp.,
cloth N . : : 4 : : : ; E 26




48 CROSBY LOCKWOOD & SON'S CATALOGUE,

EVERY MAN’S OWN LAWYER.

A Handy-Book of the Principles of Law and Equity. With a Concise
Dictionary of Legal Terms. By A BarRRISTER. Forty-first Edition, care-
fully Revised, and comprising New Acts of Parliament, including the Motor
Car Act, 1903; Employment of Children Act, 1903; Pistols Act, 1go3; Poor
Prisoners’ Defence Act, 1903 ; Education Acts of 1go2 and 1903 ; Housing of
the Working Classes Act, 1903, &c. Judicial Decisions pronounced duri ig the
year have also been duly noted. Crown 8vo, 800 pp., strongly bound in cloth.

Just Published. €/8

** This Standard Work of Reference forms oA CoMPLETE EPITOME OF THE
Laws oF ENGLAND, comiprising (amongst other matter);

THE RIGHTS AND WRONGS OF INDIVIDUALS

ILANDLORD AND TENANT CRIMINAL LaAw
VENDORS AND PURCHASERS PARLIAMENTARY ELECTIONS
LLEASES AND MORTGAGES COUNTY COUNCILS
OINT-STOCK COMPANIES DISTRICT AND PARISH COUNCILS
ASTERS, SERVANTS AND WORKMEN BOROUGH CORPORATIONS
CONTRACTS AND AGREEMENTS TRUSTEES AND EXECUTORS
MONEY LLENDERS, SURETISHIP CLERGY AND CHURCHWARDENS
PARTNERSHIP, SHIPPING LAW COPYRIGHT, PATENTS, TRADE MARKS
SALE AND PURCHASE OF GOODS HUSBAND AND WIFE, DIVORCE
CHEQUES. BILLS AND NOTES INFANCY, CUSTODY OF CHILDREN
BILLS OF SALE, BANKRUPTCY | PUBLIC HEALTH AND NUISANCES
LIFE, FIRE, AND MARINE INSURANCE | INNKEEPERS AND SPORTING
1.IBEL AND SLANDER | TAXES AND DEATH DUTIES

FORMS OF WILLS, AGREEMENTS, NOTICES, &¢C.

BE™ T object of this work is to enable those who comsuiiit to help themselves to the
law ; and thereby to dispense, as jar as possible, with professional assistance and advice. Therve
are many wrongs and Lrievances whick persons submit to from time to time through not
knowing how or where to apply for redress; and many persons have as great a dread of &
lawyer's office as of @ lion'’s den. With this book at hand it is believed that wmany & SIX-AND.
EIGHTPENCE may be saved ; many a wrong vedrvessed ; many a vight veclaimed ; many a law
suit avoided ; and many an evil abated. The work has established itself as the standard legal
adviser of all classes, and has also made a veputation for itself as a useful book of veference for
lawyers residing at a distance from law lLbraries, who arve glad to have at hand a work
embodying vecent decisions and enactmwienis

*«* OPINIONS OF THE PRESS,

*“The amount of information given in the volume is simply wonderful. The continued
popularity of the work shows that it fulfils a useful purpose.”—Law Fournal.

“ As a book of reference this volume is without a rival.”— Pail Mall Gazette,

“ No Englishman ought to be without this book.”—Ergzneer.

““Ought to be in every business establishment and in all libraries.”—Skeffield Post.

“The ‘ Concise Dictionary ’ adds considerably to its value.”—FFestminster Gazette,

‘It is a complete code of English L.aw written in plain language, which all can understand,
. « « Should be in the hands of every business /man, and all who wish to abolish lawyers’ bills.”—
Weekly Times.

‘¢ A useful and concise epitome of the law, compiled with considerable care.”—Law Magazine.

“ A complete digest of the most useful facts which constitute English law.”—G/oe.

‘“ Admirably done, admirably arranged, and admirably cheap.”—ZLeeds Mercury.

“ A concise, cheap, and complete epitome of the English law. So plainly written that he who
runs may read, and he who reads may understand.”—ZFzgaro.

‘*“ A dictionary of legal facts well put together. The book is a very useful one,”—Spectator,

LABOUR CONTRACTS.
A Popular Handbook on the Law of Contracts for Works and Services. By
Davip GieBoNs. Fourth Edition, with Appendix of Statutes by T. F. UTTLEY,
Solicitor. Fcap. 8vo, cloth : : : G g : ; . . 3/8

BRADBURY, AGNEW, & co. LD., PRINTERS, LONDON AND TONBRIDGE.

"WEALES SERIES

OF

SCIENTIFIC ax0 TECHNICAL
WORKS.

¢ Tt is not too much to say that no books have ever proved more
popular with or more useful to young engineers and others than the
excellent treatises comprised in WEALE’S SERIES.”—Engineer.
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2 WEALE’S SCIENTIFIC AND TECHNICAL SERIES.

CIVIL ENGINEERING & SURVEYING.

Civil Engineering.
By HENrRY Law, M.Inst.C.E. Including a Treatise on HybpravuLIC
ENGINEERING by G. R. BurneLr, M.I.C.E. Seventh Edition, revised
with LARGE Apprtions by D. K. CLark, M.I.C.E, . . . 6/6,
Pioneer Engineering:
A Treatise on the Engineering Operations connected with the Settlement of
Waste Lands in New Countries. By Ebpwarv Dosson, M.InsT.C.E.
With numerous Plates. Second Edition . 1 ! : . . 4/6
Iron Bridges of Moderate Span: :

Their Construction and Erection. By HamiLton W. PENDRED. With 40
Illustrations . 2/0

Iron and Steel Bridges and Viaducts.
A Practical Treatise upon their Construction for the use of Engineers,
Draughtsmen, and Students. By Francis Camrin, C.E. With numerous

Illustrations . . ‘ : : 3 x g ; : ; 3/6
Constructional Iron and Steel Work,

As applied to Public, Private, and D ic ildi

iy . : 1 ?.e 'an : om-estlc. Bu1}dmgs. By FRA:I;(/:IGS
Tubulﬁar and other Iron Girder Bridges.

escribing the Britannia and Conway Tubular Bridges. B

Dewmrsey, C.E. Fourth Edition y. : .n g-e ; A DRYSDE;‘(I);

Materials and Construction:

A Theoretical and Practical Treatise on the Strains, Designing, and Erec-
tion of Works of Construction. By Francis CAMP;N, C.%:. fg’ . 576

Sanitary Work in the Smaller Towns and in Yillages.
By CHARLES SLAGG, Assoc. M.Inst.C.E. Third Edition : . 3/0

Construction of Roads and Streets.

By H. Law, C.E,, and D. K. CLArk, C.E. Sixth Editi 1 i
Additional dhapters by A. J. WaALL1S-TAVLER, .ZlfixM In;il-og,'Erf:VlSt‘:d, g;g

Gas Works (The Construction of),
And the Manufacture and Distribution of Coal Gas. By S. HucHes, C.E.
Re-written by WiLLiAM RicHARDS, C.E. Eighth Edition . . B5/6
Water Works
For the Supply of Cities and Towns. With a Description of the Principal

Geological Formations of England as influencing Supplie f Wat B
SamueEL HucHgs, F.G.S., C.E. Enlarged Editﬁm .pp .S s " ¥ ?r.4/(3)r

The Power of Water,

As applied to drive Flour Mills, and to give motion to Turbi d oth
Hydrostatic Engines. By Joseen GLYNN, F.R.S. New Edir;?gnan. 02/8
Wells and Well-Sinking.

By Joun Geo. SwiNDELL, A.-R."-I”‘.B.A., and G. R. BurnNeLL, C.E. Revi<ed
Edition. With a New Appendix on the Qualities of Water. Il’lustrated eg /B

The Drainage of Lands, Towns, and Buildings.

By G. D. Dewmrsev, C.E. Revised, with | Additi
Practice, by D. K. CLARK, M.1.C.E. ‘Third Edition . > " .Rfﬁ?né

The %la.gt%zlg and Quarrying of Stone,
] or Building and other Purposes. With R k the Blowi
Bridges. By Gen. Sir J. BURGOYNE, K.C.B.emflr ; .on .e .owm.g u_})/%f

Foundations and Concrete Works.

With Practical Remarks on Footings, Planking, Sand, Concrete, Béton,

Pile-driving, Caissons, and Cofferdams.
Nh EE . : : o .el ar-ns . By E. DOBS.ON, MRII‘?/AS

e o e T e et e

WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 3

Pneumastics,
Including Acoustics and the Phenomena of Wind Currents, for the Use of
Beginners. By CHARLEs TomLrinson, F.R.S. Fourth Edition . 1/6

Land and Engineering Surveying.
For Students and Practical Use. By T. BAker, C.E. Nineteenth Edition,
Revised and Extended by F. E. Dixon, A. M. Inst. C. E., Professional Asso-
ciate of the Institution of Surveyors. With numerous Illustrations and two
Lithographic Plates . ; 3 = s s G . 2/0

Mensuration and Measuring.
For Students and Practical Use. With the Mensuration and Levelling of
Land for the purposes of Modern Engineering. By T. Baker, C.E. ew
Editionr-by E: NUGENT, GEL. ' 6. 0 7 sl % 5 siiei s suefiei ket

MINING AND METALLURGY.

Mining Calculations,
For the use of Students Preparing for the Examinations for Colliery
Managers’ Certificates, comprising numerous Rules and Examples in
Arithmetic, Algebra, and Mensuration. By T. A. O’DonaAnve, M.E.,

First-Class Certificated Colliery Manager. . ‘ : ; . . 38
Mineralogy, |

e Rudiments of. By A. Rawmsay, F.G.S. Fourth Edition, revised and

enlarged. Woodcuts and Plates . 3 i " 4 . . . 3/6

Coal and Coal Mining, _
A Rudimentary Treatise on. By the late Sir WaringTON W. SMYTH,
F.R.S. Eighth Edition, revised by T. ForsTER BrROowN . 3 . 3/6

Metallurgy of Iron.
Containing Methods of Assay, Analyses of Iron Ores, Processes of Manu-
facture of Iron and Steel, &. By H. Baverman, F.G.S. With numerous
Ilustrations. Sixth Edition, revised and enlarged . 5 5/0

The Mineral Surveyor and Valuer’s Complete Guide.
By W. LintErN. Fourth Edition, with an Appendix on Magnetic and
Angular Surveying ; . : $ " o . ‘ 3 . 3/6

Slate and Slate Quarrying: '
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S. With
numerous Illustrations and Folding Plates. Fourth Edition . -

A First Book of Mining and Quarrying, .
With the Sciences connected therewith, for Primary Schools and Self-In-
struction. By J. H. CoLLins, F.G.S. Second Edition . Pk i

Subterraneous Surveying, _
With and without the Magnetic Needle. By T. FENwick and T. BAKER,
C.E. Illustrated . : 3 . s y ‘ . : . 2/6
Mining Tools. _ / .
Manual of. By WiLLiAM MorGaNs, Lecturer on Practical Mining at the
: Bristol School of Mines : 7 e ; > Sl . 2/6
Mining Tools, Atlas e
Of Engravings to Illustrate the above, containing 235 Illustrations of Mining
Tools, drawn to Scale. 4to . . . . . . . . 4/6

Physical Geology, s T
Partly based on Major-General PorTLOCK'S ‘‘ Rudiments of Geology.”

- By RaLpu TATE, A.L.S., &. Woodcuts. < 3 3 civite SO
Historical Geology, _

- Partly based on Major-General PorTrLOCK'S ‘‘ Rudiments.” By RarLrn
TaTE, A.L.S., &c. Woodcuts . 5 4 . 2/86

Geology, Physical and Historical. _

% Consisting of ‘‘ Physical Geology,” which sets forth the Leading Principles
of the Science; and ‘‘Historical Geology,” which treats of the Mineral
and Organic Conditions of the Earth at each successive epoch. By RarrH
TaTe, F.G.S. . i = T " s A : . 4/6




4 WEALE’'S SCIENTIFIC AND TECHNICAL SERIES,

MECHANICAL ENGINEERING.

The Workman’s Manual of Engineering Drawing.
By Joun Maxton, Instructor in Engineering Drawing, Royal Naval
College, Greenwich. Eighth Edition. 360 Plates and Diagrams . 3/6

Fuels :hSolid, Liquid, and Gaseous.

Their Analysis and Valuation. For the Use of Chemists and Engi
By H. J. PHiLLIPS, F.C.S., formerly Analytical and Consulting (%';?eenelli-;
to the Great Eastern Railway. Third Edition . g - : . 2/0

Fuel, Its Combustion and Economy.

Consisting of an Abridgment of *“ A Treatise on the Combustion of Coal and

the Prevention of Smoke.” By C. W. WiLLiams, A.I.C.E. With E -
sive Additions by D. K. CLARK, M.Inst.C.E. Fourth Edition ; | xatelns
The Boilermaker’s Assistant
In Drawing, Templating, and Calculating Boiler Work, &c. By J. CourT-
NEY, Practical Boilermaker. Edited by D. K. Crark, C.E. . 2/0
The Boiler-Maker’s Ready Reckoner,
With Examples of Practical Geometry and Templating for the Use of
Platers., Smiths, and Riveters. By Joun CourTNEY. Edited by D. K.
CLark, M.I.C.E. Fifth Edition : . § . : X . 4/0
** The last ’t'w:lJ{ W arkst'n One V. o[ume,AhaZf-bound, entitled '' THE BOILER-
MAKERS READY-RECKONER AND AssistanT.” By J. C
D. K. CLARK. Price T]Q. " T
Steam Boilers:
Their Construction and Management. By R. ARMSTRONG, C.E. Illustrated

/ Steam and Machinery Management. e

A Guide to the Arrangement and Economical Management of Machi
By M. Powis BALE, M.Inst M.E. . ; F . % . ac. m2m/-)é

7 Steam and the Steam Engine,
% Stationary and Portable. Being an Extension of the Treatise on the Steam
Engine of Mr. J. SEweLL. By D. K. CLark, C.E. Fourth Edition 3/6
The Steam Engine,
A Treatise on the Mathematical Theory of, with Rules and Examples for

Practical Men. By T. Bakerg, C.E, . E . " ; . 1/6
The Steam Engine.
By Dr. LArRDNER. Illustrated . . 5 : : i . . 1/6

Locomotive Engines.

By G. D. DeEmpsey, C.E. With large Additions treating of the Modern

Locomotive, by D. K. CLArk, M.Inst.C.E. . x : . . 3/0
Locomotive Engine-Driving.

A Practical Manual for Engineers in charge of Locomotive Engines. By

MicHAEL ReEvNoLps. Eleventh Edition. 3s. 64. ; cloth boards . 4/6
Stationary Engine-Driving.

A Practical Manual for Engineers in charge of Stationary Engines. By

MIC'EIAEL RE¥NOLDS. Seventh Edition. 3s. 64. ; cloth boards . 4/6
The Smithy and Forge.

Including the Farrier's Art and Coach Smithing. By W. J. E. CraNE.

Fourth Edition : ; : s s . . . . 2/6
Modern Workshop Practice,

As applied to Marine, Land, and Locomotive Engines, Floating Docks,

Dred%_:ng Machines, Bridges, Ship-building, &c. By J. G. WinTon.

Fourth Edition, Illustrated . . . ; 2 . ; . 3/6
Mechanical Engineering.

-

.

Comprising Metallurgy, Moulding, Casting, Forging, Tools, Workshop
Machinery, Mechanical Manipulatien, Manufacture of the Steam Engine,
&c. By Francis Camrin, C.E. Third Edition 2 . i . 2/6

Details of Machinery.

Comprising Instructions for the Execution of various Works in Iron in the
Fitting-Shop, Foundry, and Boiler-Yard. By Francis Camrin, C.E. 3/0

i
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WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 5

Elementary Engineering:

A Manual for Young Marine Engineers and Apprentices. In the rorm of

QQuestions and Answers on Metals, Alloys, Strength of Materials, &c.

By J. S. BRewer. Fifth Edition : : A 1/6
Power in Motion:

Horse-power Motion, Toothed-Wheel Gearing, Long and Short Driving

Bands, Angular Forces, &c. By James Armour, C.E. Third Edition 2/0
Iron and Heat,

Exhibiting the Principles concerned in the Construction of Iron Beams,

Pillars, and Girders. By J. ArRMmour, C.E. . . F - . 2/86
Practical Mechanism,

And Machine Tools. By T. Bakegr, C.E. With Remarks on Tools and

Machinery, by J. NasmvTH, C.E. : : ; . : . . 2/86
Mechanics:

Being a concise Exposition of the General Principles of Mechanical Science,

and their Applications. By CHARLEs TomLinsoN, F.R.S. . . 1/6
Cranes (The Construction of),

And other Machinery for Raising Heavy Bodies for the Erection of Build-

ings, &c. By Josgpn GLyNN, F.R.S. N : : - 5 . 1/6

NAVIGATION, SHIPBUILDING, ETC.

The Sailor’s Sea Book:

A Rudimentary Treatise on Navigation. By James GrREenwoob, B.A.

With numerous Woodcuts and Coloured Plates. New and enlarged

Edition. By W. H. Rosser . ; : : g ‘ 3 . 2/6
Practical Navigation.

Consisting of THE SAILOR'S SEA-Book, by JaAMeEs GrREENwooD and W. H.

RossER ; together with Mathematical and Nautical T'ables for the Working

of the Problems, by HEnrY Law, C.E., and Prof. J. R, Younc. T/O
Navigation and Nautical Astronomy,

In Theory and Practice. By Prof. J. R. Younsc. New Edition. 22/6
Mathematical Tables,

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is

prefixed a Treatise on Logarithms. By H. LAaw, C.E. Together with a

Series of Tables for Navigation and Nautical Astronomy. By Professor J.

R. Young. New Edition . . . : ! ’ - A . 4/0
Masting, Mast-Making, and Rigging of Ships.

Also Tables of Spars, Rigging, Blocks; Chain, Wire, and Hemp Ropes,

&ec., relative to every class of vessels. By RoBERT KirriNg, N.A.. 2/0
Sails and Sail-Making.

With Draughting, and the Centre of Effort of the Sails. By RosrrT

KirpiNGg, N.A. . : A J . 2/6

Marine Engines and Steam Vessels.
By R. Murray, C.E. Eighth Edition, thoroughly revised, with Addi-
tions by the Author and by GeorGe CaxLisLE, C.E. i . . 4/6

Naval Architecture:
An Exposition of Elementary Principles. By JaAMEs PEAkE . . 3/6

Ships for Ocean and River Service,
Principles of the Construction of. By HakoN A. SOMMERFELDT . 1/6

Atlas of Engravings
To Illustrate the above. Twelve large folding Plates. Royal 4to,cloth T/6

The Forms of Ships and Boats.

By W. Branp. Teath Edition, with numerous [I'lustrations and
Models . ; ; ; 2 5 . 1/6




6 WEALE'S SCIENTIFIC AND TECHNICAL SERIES.

ARCHITECTURE AND THE
’ BUILDING ARTS.

Constructional Iron and Steel Work,
. As applied to Public, Private, and Domestic Buildings. By Francis
Camprin, C.E. 4 . : ; . : . ; . 3/6
Building Estates :
RN A Treatise on the Development, Sale, Purchase, and Management of Build-
ing Land. By F. MarrLanp. Third Edition . : : : . 2/0

The Science of Building :
An Elementary Treatise on the Principles of Construction. By E. Wynp-
HAM TARN, M.A. Lond. Fourth Edition . ) ; . ; . 3/6

The Art of Building:
... General Principles of Construction, Strength, and Use of Materials, Working
7% Drawings, Specifications, &c. By Epwarp Dosson, M.R.L.B.A. . 2/0

A Book on Building,
Civil and Ecclesiastical. By Sir Epmunp BECKETT, Q.C. (Lord Grinm-
THORPE). Second Edition . : : . » . . . . 4/6

Dwelling-Houses (The Erection of),

Illustrated bya Perspective View, Plans, and Sections of a Pair of Villas, with
Specification, Quantities, and Estimates. By S. H. Brooks, Architect 2/6

Cottage Building.
- . By C. Bruck ALLEN. Twelfth Edition, with Chapter on Economic Cot-
tages for Allotments, by E. E. ALLEN, C.E. ‘ : : : . 2/0

Acoustics in Relation to Architecture and Building :
The Laws of Sound as applied to the Arrangement of Buildings. By Pro-
fessor T. RoGer SmiTH, F.R.1.B.A. New Edition, Revised . . 1/6

The Rudiments of Practical Bricklaying. _
General Principles of Bricklaying ; Arch Drawing, Cutting, and Setting ;
Pointing ; Paving, Tiling, &c. By Apam Hammonp. With 68 Woodcuts

1/6
The Art of Practical Brick Cutting and Setting.
By Apam HamMmonp. With go Engravings . . . ; . 1/6

Brickwork :
A Practical Treatise, embodying the General and Higher Principles of
Bricklaying, Cutting and Setting ; with the Application of Geometry to Roof
Tiling, &c. By F. WALKER . . : ; . ; . . 1/6

Bricks and Tiles,
; Rudimentary Treatise on the Manufacture of ; containing an Outline of the
Principles of Brickmaking. By E. Dosson, M.R.I.B.A. Additions by
C. TomLinson, F.R.S. [Illustrated . . ; 3/0

The Practical Brick and Tile Book.
Comprising : Brick aND TiLE MakinG, by E. Dosson, M.InsT.C.E.;

Practical BRICKLAYING, by A. HAMMOND ; BRICK-CUTTING AND SETTING,
by A. HAMMOND. 550 pp. With 270 Illustrations, half-bound . . 6/0

Carpentry and Joinery—
THE ELEMENTARY PrINCIPLES OF CARPENTRY. Chiefly composed from the
Standard Work of THomAs TreEpGoLD, C.E. With Additions, and TREATISE
ON JoINERY, by E. W. Tarn, M.A. Eighth Edition : 5 . 3/6

Carpentry and Joinery—Atlas b
Of 35 Plates to accompany and Illustrate the foregoing book. With
Descriptive Letterpress. 4to R g < . 6/0

:
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A Practical Treatise on Handrailing;
Showing New and Simple Methods. By Geo. Corrings. Third Edition,
including a TREATISE ON STAIRBUILDING. With Plates . 5 . 2/8

Circular Work in Carpentry and Joinery.
A Practical Treatise on Circular Work of Single and Double Curvature.
By GeorGeE Corrings. Third Edition . S : ‘ : . 2/6

Roof Carpentry:
Practical Lessons in the Framing of Wood Roofs. For the Use of Workin
Carpenters. By Geo. CoLLINGS y : : 2/

The Construction of Roofs of Wood and Iron:
Deduced chiefly from the Works of Robison, Tredgold, and Humber. 1[38

E. Wynpuam TArn, M.A., Architect. Fourth Edition . p 5
The Joints Made and Used by Builders.

By WyviLL J. CHRrisTY, Architect. With 160 Woodcuts ‘ . 3/0
Shoring

And its Application: A Handbook for the Use of Students. By GEORGE
H. BLaGgrove. With 31 Illustrations : PR e 5 . 1/6

The Timber Importer’s, Timber Merchant’s, and

Builder’'s Standard Guide.
By R. E. GrRanDY . : 3 : :

Plumbing:
A Text-Book to the Practice of the Art or Craft of the Plumber. With
Chapters upon House Drainage and Ventilation. By WM. PaAToN BUucCHAN.
Ninth Edition, with 512 Illustrations . . ; . : .. 36

Ventilation : _
A Text Book to the Practice of the Art of Ventilating Buildings. By W.P.
Bucnan, R.P., Author of * Plumbing,” &c. With 170 Illustrations 3/6

The Practical Plasterer: : .
A Compendium of Plain and Ornamental Plaster Work. By W. Kemp 2/0

House Painting, Graining, Marbling, & Sign Writing.

With a Course of Elementary Drawing, and a Collection of Useful Receipts.
By Eiris A. DavipsoNn. Eighth Edition. Coloured Plates . . SPIO

** The above, in cloth boards, strongly bound, 6/0Q

b i) Yot Bt A

A Grammar of Colouring,
Applied to Decorative Painting and the Arts. By GrEorGE FiELD. New
Edition, enlarged, by ErLis A. Davipson. With Coloured Plates . 3/0

Elementary Decoration
Asapplied to Dwelling Houses, &c. By JameEs W. Facey. lllustrated 2/0

Practical House Decoration.
A Guide to the Art of Ornamental Painting, the Arrangement of Colours in
Apartments, and the Principles of Decorative Design. By James W, Facey

2/6
** The last two Works in One handsome Vol., half-bound, entitled ** Housk
DEcCOrRATION, ELEMENTARY AND PRACTICAL,” price §/0.

Portland Cement for Users.
By Henrv Faija, A.M.Inst.C.E. 'Third Edition, Corrected . . 2/0
Limes, Cements, Mortars, Concretes, Mastics, Plas-

tering, &c.
By G. R. BurneLL C.E. Fifteenth Edition . - F . . 1/8
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|/ Masonry and Stone-Cutting.

The Principles of Masonic Projection and their application to Construction.
By Ebwarp Dosson, M.R.L.LB.A., . o : : TEEERE -

Arches, Piers, Buttresses, &c.:
Experimental Essays on the Principles of Construction. By W. Brann.
1/6

Quantities and Measurements,
In Bricklayers’, Masons’, Plasterers’, Plumbers’, Painters’, Paperhanger<’,
Gilders’, Smiths’, Carpenters’ and Joiners’ Work. By A. C. BEaton. 1/86

The Complete Measurer:
Setting forth the Measurement of Boards, Glass, Timber and Stone. By R.
HorTon. Sixth Edition . ¢ : i . . 4/0

Guide to Superficial Measurement :
Tables calculated from 1 to 200 inches in length, by 1 to 108 inches in
breadth. For the use of Architects, Surveyors, Engineers, Timber Mer-
chants, Builders, &c. By James Hawkings. Fifth Edition . . 36

Light: :
An Introduction to the Science of Optics. For the Use of Students of Archi-

tecture, Engineering, and other Applied Sciences. By E. W. Tarn,
M.A. 3 : i ; . ; ! . “§8

Hints to Young Architects.
By GEOrRGE WIGHTWICK, Architect. Sixth Edition, revised and enlarged
by G. Huskisson GUILLAUME, Architect . p . Y . . 3/6

Architecture—Orders:

The Orders and their AEsthetic Principles. By W. H. LEeps. Illustrated.
1/6

Architecture—Styles:
, The History and Description of the Styles of Architecture of Various
Countries, from the Earliest Period. By T. TarLBor Bury . . 2/0

*.* ORDERS AND STYLES OF ARCHITECTURE, iz One Vol.,, 3/6.

Architecture—Design:
The Principles of Design in Architecture, as deducible from Nature and
exemplified in the Works of the Greek and Gothic Architects. By Epw.
LAcy GARBETT, Architect. Illustrated 4 . : : . 2/6
¥* The three preceding Works in One handsome Vol., half-bound, entitbed
‘““ MODERN ARCHITECTURE,” price 6/0.

Perspective for Beginners.
Ada(E’ted to Young Students and Amateurs in Architecture, Painting, &c.
By GeorGE PYNE : . : 4 2/0

Architectural Modelling in Paper.
By T. A. RicHarpson. With lllustrations, engraved by O. JewitT 1/6

Glass Staining, and the Art of Painting on Glass.
From the German of Dr. GEssERT and EmMANUEL OTTO FrROMBERG. With
an Appendix on THE ArT OF ENAMELLING . : . . . 2/6

VYitruvius—The Architecture of.
In Ten Books. ‘I'ranslated from the Latin by JosepH GwirT, F.S.A.,
F.R.A.S. With 23 Plates . . d 5/0

N.B.—This is the only Edition of VITRUVIUS procurable at a moderate price.

Grecian Architecture,
An Inquiry into the Principles of Beauty in. With an Historical View of the
Rise and Progress of the Art in Greece. By the EARL oF ABERDEEN. 1/0

** The two preceding Works in One handsome Vol., half-bound, emtitied
‘“ ANCIENT ARCHITECTURE,” price 6/0.
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INDUSTRIAL AND USEFUL ARTS.

Cements, Pastes, Glues, and Gums.
A Guide to the Manufacture and Application of Agglutinants. With goo
Recipes and Formulae. By H. C. STANDAGE . p é ; . 2/0
Clocks, Watches, and Bells for Public Purposes.
A Rudimentary Treatise. By EpMuND BECKETT, LORD GRIMTHORPE,
LL.D., K.C., F.R.A.S. Eighth Edition, with new List of Great Bells and

an Appendix on Weathercocks. [ Just published. 46
** The above, handsoniely bound, cloth boards, 5/6.
Electro-Metallurgy,

Practically Treated. By ALEXANDER WATT. Tenth Edition . 3/6
The Goldsmith’s Handbook.

Containing full Instructions in the Art of Alloying, Melting, Reducing,
Colouring, Collecting and Refining, Recovery of Waste, Solders, Enamels,
&c., &c. By GeorGe E. GEE. Sixth Edition . bi - S : . 3/0

The Silversmith’s Handbook,

On the same plan as the GoLpsmiTH’s HANDBOOK. By G. E. GEr. 3/0
*s* The last two Works, in One hanasome Vol., half-bound, T [0.

The Hall-Marking of Jewellery.

Comprising an account of all the different Assay Towns of the United
Kingdom ; with the Stamps and Laws relating to the Standards and Hall
Marks at the various Assay Offices. By GrorGe E. GEE ; . 3/0

French Polishing and Enamelling.
Numerous Recipes for making Polishes, Varnishes, &c. By R. BiTMEAD.

1
Practical Organ Building. .
By W. E. Dickson, M.A. Second Edition, Revised, with Additions 2/6
Coach-Building:
A Practical Treatise. By James W, Burgess. With 57 Illustrations 2/6

The Cabinet-Maker’s Guide
T'o the Entire Construction of Cabinet-Work. By R. BITMEAD . 2/6

The Brass Founder’s Manual:

Instructions for Modelling, Pattern Making, &c. By W. Granam . 2/0
The Sheet-Metal Worker’s Guide.

X For Tinsmiths, Coppersmiths, Zincworkers, &c. By W. J. E. Crane. 1/6

Sewing Machinery:

Its Construction, History, &c. By J. W. Urquuart, C.E. . . 2/0
Gas Fitting:

A PracticalHandbook. By Joun BrLack. New Edition & . 2/86
Construction of Door Locks.

From the Papers of A. C. Hosss. Edited by C. TomrLinson, F.R.S. 2/6
The Model Locomotive Engineer, Fireman, and

Engine-Boy.

By MicuHAEL REvNOLDS . . ; ; : ‘ : . 3/6
The Art of Letter Painting made Easy.

By J. G. BaApEnocH. With 12 full-page Engravings of Examples . 1/6

The Art of Boot and Shoemaking.

Measurement, Last-fitting, Cutting-out, Closing, &c. By J. B. LEno. 2/0
Mechanical Dentistry:

By CuarLEs HunTER. Fourth Edition . : : - . o O
Wood Engraving: |

A Practical and Easy Introduction to the Art. By W. N. Brown . 1/6

Laundry Management.
A Handbook for Use in Private and Public Laundries . * . 210
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AGRICULTURE, GARDENING, ETC.

Draining and Embanking:
© A Practical Treatise. By Prof. Joun Scorr. With 68 Illustrations 1/6

Irrigation and Water Supply:
- . A Practical Treatise on Water Meadows, Sewage Irrigation, Warping, &c.;
on the Construction of Wells, Ponds, Reservoirs, &c. By Prof. Jonn
ScorT. With 34 Illustrations . : X ¢ ’ A : . 1/6

Farm Roads, Fences, and Gates:
: A Practical Treatise on the Roads, Tramways, and Waterways of the
Farm; the Principles of Enclosures; and the different kinds of Fences,
Gates, and Stiles. By Prof. Joun ScorT. With 75 Illustrations . 1/6

Farm Buildings:

A Practical Treatise on the Buildings necessary for various kinds of Farms,
their Arrangement and Construction, with Plans and Estimates. By Prof.
Joun ScorTt, With 105 Illustrations . : . - . : . 2/0

Barn Implements and Machines : >
~ Treating of the Application of Power and Machines used in the Threshing-
barn, Stockyard, Dairy, &c. By Prof. J. Scorr. With 123 Illustrations.

gt 2 2/0
Field Implements and Machines: |

With Principles and Details of Construction and Points of Excellence, their

Management, &c. By Prof. Joun Scort. With (38 Illustrations . 2/0

Agricultural Surveying :
A Treatise on Land Surveying, Levelling, and Setting-out ; with Directiong
for Valuing bstates. By Prof. J. ScorT. With 62 Illustrations - 1/

Farm Engineering. ,
By Professor Joun Scorrt. Comprising the above Seven Volumes in One,
1,150 pages, and over 6oo Illustrations. Half-bound . . > 12/0

Outlines of Farm Management. ,
Treating of the General Work of the Farm; Stock; Contract Work ;
Labour, &c. By R. ScorT BUrN PSR ) SRS et Oy SR

Outlines of Landed Estates Management,
Treating of the Varieties of Lands, Methods of Farming, Setting-out of
Farms, Roads, Fences, Gates, Drainage, &c. By R. Scort Burn. 2/6

Soils, Manures, and Crops.
(Vol. I. OuTtLiNEs oF MoDERN FARMING.) By R. Scort Burn . 2/0

Farming and Farming Economy.
(Vol. II. OuTtLinEs oF MopErRN FarMING.) By R. Scort Burn 3/0Q

Stock: Cattle, Sheep, and Horses.
(Vol. III. OuTLINEs oF MoDERN FarMING.) By R. Scort Burn 2/6

Dairy, Pigs, and Poultry.
(Vol. IV. OuTLINES oF MoDERN FarmING.) By R. Scort Burn 2/0

Utilization of Sewage, Irrigation, and Reclamation
of Waste Land.

(Vol. V. OuTLINEs oF MoDERN FarMING.) By R. Scort Burn. 2/6

Outlines of Modern Farming.

By R. Scort Burn. Consisting of the above Five Volumes in One,
1,250 pp , profusely Illustrated, half-bound . . 3 ‘ . 12/0
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Book-keeping for Farmers and Estate Owners.

A Practical Treatise, presenting, in Three Plans, a system adapted for all
classes of Farms. By J. M. Woopman. Fourth Edition .. . . 2/6

Ready Reckoner for the Admeasurement of Land.
By A. ArRmaN. Revised and extended by C. Norris. Fifth Edition 2/0

Miller’s, Corn Merchant’s, and Farmer’s Ready

Reckoner.
Second Edition, revised, with a Price List of Modern Flour Mill Machinery,
by W. S. Hution, C.E. . 5 . A i ¢ i : . 20

The Hay and Straw Measurer.

New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Straw
Dealers, &c. By JoHN STEELE . : : 3 : . ; . 2/0

Meat Production.
A Manual for Producers, Distributors, and Consumers of Butchers' Meat.

By Joun EwarT ‘ : o A . H : . o e -2
Sheep:

The History, Structure, Economy, and Diseases of. By W. C. SPoONER,

M.R.V.S. Fifth Edition, with fine Engravings P : . . 3/6

Market and Kitchen Gardening.
By C. W. Suaw, late Editor of ‘‘ Gardening Illustrated ” . . 3/6

Kitchen Gardening Made Easy.

Showing the best means of Cultivating every known Vegetable and Herb,
&c., with directions for management all'the year round. By Georce M. F.
GLENNY. lliustiated . : . £ < 5 : : & . 1/6

Cottage Gardening :
Or Flowers, Fruits, and Vegetables for Small Gardens. By E. HoBpavy,

; 1/6
Garden Receipts.

Edited by CHARLES W. Quin . . . Giuit . . . 1/6

Fruit Trees,

The Scientific and Profitable Culture of. From the French of M. Du
BreuiL. Fifth Edition, carefully Revised by GEorGe GLENNY. With
187 Woodcuts . . ‘ A ; ; . : i " . 3/8

The Tree Planter and Plant Propagator:

With numerous Illustrations of Grafting, Layering, Budding, Implements,
Houses, Pits, &c. By SamueL Woob - ‘ A S 1 . 2/0

The Tree Pruner:
A Practical Manual on the Pruning of Fruit Trees, Shrubs, Climbers, and
Flowering Plants. With numerous Illustrations. By SAMueL Woon 1/6

bt The above T'wo Vols. in One, handsomely half-bound, price 3/6.

The Art of Grafting and Budding.

By CHArLES BaLTET. With Iilustrations . R

- « 2/86
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MATHEMATICS, ARITHMETIC, ETC.

Descriptive Geometry,
An Elementary Treatise on; with a Theory of Shadows and of Perspective,
extracted from the French of G. MonGe. 7To which is added a Description
of the Principles and Practice of Isometrical Projection. By J.F. HEATHEK,
M.A. With 14 Plates . . ¢ . : : y . ; . 2/0

Practical Plane Geometry:
Giving the Simplest Modes of Constructing Figures contained in one Plane
and Geometrical Construction of the Ground. By J. F. HEATHER, M.A.
With 215 Woodcuts . ; A : i . : : $ . 2/0
Analytical Geometry and Conic Sections,
A Rudimentary Treatise on. By James HANN. A New Edition, re-
written and enlarged by Professor . R. YounG . ; . . 2/0

Euclid (The Elements of).

With many Additional Propositions and Explanatory Notes; to which is
prefixed an Introductory Essay on Logic. By Henrky Law, C.E. . 2/6

** Sold also separatelv, viz:—
Euclid. The First Three Books. By Henrv Law, C.E. . : . 1/6

Euclid. Books 4, 5, 6, 11, 122 By HENRY LAW,CE. . . . 1/6
Plane Trigonometry,
The Elements of. By JamEs HANN. . ; . ; . . 116

Spherical Trigonometry,
The Elements of. By James HaAnNx. Revised by CuarrLeEs H. Dow-
LinGg, C.E. : ; : . . : " . ; ‘ ; 1/0
* * Or with *“ The Elements of Plane Trigonometry,” in One Volume, 2/6

Differential Calculus,
Elements of the. By W. S, B. WooLHoUSE, F.R.A.S,, &c. . . 1/6

Integral Calculus.

By Homersuam Cox, B.A. X A . 1 ; . s . 1/6
Algebra,

The Elements of. By James Hapbon, M.A, With Appendix, containing

Miscellaneous Investigations, and a Collection of Problems 3 . 2/0

A Key and Companion to the Above.
An extensive Repository of Solved Examples and Problems in Algebra.
By J. R. YounG . : " ’ . . 1/6

Commercial Book-keeping.
With Commercial Phrases and Forms in English, French, Italian, and
German. By James Happon, M.A.. - ) = X 5 . 1/6

Arithmetic,
A Rudimentary Treatise on. With full Explanations of its Theoretical

Principles, and numerous Examples for Practice. For the Use of Schools
and for Self-Instruction. By J. R. YoUNG, late Professor of Mathematics
in Belfast College. Thirteenth Edition < . " : . . 1/6

A Key to the Above.
By J. R. YounGg . . . <A Hes R . 1/6

Eguational Arithmetic,
Applied to Questions of Interest, Annuities, Life Assurance, and General
Commerce ; with various Tables by which all Calculations may be greatly

facilitated. By W. HirsLEY : . - - ; . . 18
Arithmetic,

Rudimentary, for the Use of Schools and Self-Instruction. By JamEes

Happon, M.A. Revised by ABRAHAM ARMAN - . . . 1/6
A Key to the Above

By A. ARMAN . . : L . ; ” { . 1/6

E | Vit
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Mathematical Instruments:
Their Construction, Adjustment, Testing, and Use concisely Explained.
By J. F. HEaTHEr, M.A., of the Royal Military Academy, Woolwich.
Fifteenth Edition, Revised, with Additions, by A. T. WaALMISLEY,
M.I.C.E. Original Edition, in 1 vol., Illustrated . ‘ : . 2/0

* X In ordering the above, be careful to say ‘‘Original Edition,” or give the
number in the Series (32), to distinguish it from the Enlarged Edition in
3 vols. (as follows)—

Drawing and Measuring Instruments.
Including—I. Instruments employed in Geometrical and Mechanical Draw-
ing, and in the Construction, Copying, and Measurement of Maps and
Plans. II. Instruments used for the purposes of Accurate Measurement,
and for Arithmetical Computations. By J. F. HEaTHEr, MLA. . 1/6

Optical Instruments.
Including (more especially) Telescopes, Microscopes, and Apparatus for
producing copies of Maps and Plans by Photography. By J. F. HEATHER,
M.A. lllustrated : . ‘ ‘ : ! : ! X : 1/6

Surveying and Astronomical Instruments.
Including—I. Instruments used for Determining the Geometrical Features
of a portion of Ground. II. Instruments employed in Astronomical Ob-
servations. By J. F. HEaTHeEr, M.A. Illustrated. ‘ y . 1/6

* * The above three volumes form an enlargement of the Author's original work,
- i ’
““ Mathematical Instruments,” price 2/Q. (Described at top of page.)

Mathematical Instruments:
Their Construction, Adjustment, T'esting and Use. Comprising Drawing,
Measuring, Optical, Surveying, and Astronomical Instruments. By ]J. l%.

HEATHER, M.A. Enlarged Edition, for the most part entirely re-written.
The Three Parts as above, in One thick Volume. . p ‘ . 4/6

The Slide Rule, and How to Use It.

Containing full, easy, and simple Instructions to perform all Business Cal-
culations with unexampled rapidity and accuracy. By CHARLES HOARE,

C.E. With a Slide Rule, in tuck of cover. Eighth Edition . . 2/86
Logarithms.

With Mathematical Tables for Trigonometrical, Astronomical, and Nautical

Calculations. By Henry Law, C.E. Revised Edition . : . 30

Compound Interest and Annuities (Theory of).
With Tables of Logarithms for the more Difficult Computations ef” Interest;
Discount, Annuities, &c., in all their Applications and Uses for Mercantile
and State Purposes. By FEpor THoMmAN, Paris. Fourth Edition . 4/0

Mathematical Tables,

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is
prefixed a Treatise on Logarithms. By H. Law, C.E. Together with a
Series of Tables for Navigation and Nautical Astronomy. By Professer ]J.
R. Young. New Edition . . L . : A . é . 4/0

Mathematics,
As applied to the Constructive Arts. By Francis Camrin, C.E., &c.
Third Edition : : - : . . : v : " . 3/0
Astronomy.
By the late Rev. RogerT MaIN, F.R.S. Third Edition, revised and cor-
@ rected to the Present Time. By W. T. Lvan, F.R.A.S. . . . 2/0

Statics and Dynamics,
The Principles and Practice of. Embracing also a clear development of
Hydrostatics, Hydrodynamics, and Central Forces. By T. Baxkgg, C.E.
Fgurth Edition . 3 2 . . . 5 . /6
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A

BOORKRS OF REFERENCE AND.
MISCELLANEOUS VOLUMES.

A Dictionary of Painters, and Handbook for Picture

Amateurs.
Being a Guide for Visitors to Public and Private Picture Galleries, and for
Art-Students, including Glossary of Terms, Sketch of Principal Schools of
Painting, &c. By PuirLiepe Darvr, B.A. . A : " . 2/86

Painting Popularly Explained.
- By T. ]J. GuLLIcK, Painter, and Joun Timss, F.S.A. Including Fresco,
Oil, Mosaic, Water Colour, Water-Glass, Tempera Encaustic, Miniature,
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Sixth Edition §/Q

A Dictionary of Terms used in Architecture, Build-
ing, Engineering, Mining, Metallurgy, Archee-

ology, the Fine Arts, &c.
By Joun WEeaLE. Sixth Edition. Edited by R. Hunt, F.R.S. . 5/0

Music:
A Rudimentary and Practical Treatise. With numerous Examples. By
CHARLEs CHILD SPENCER . . A s g . : q . 2/6
Pianoforte,
The Art of Playing the. With numerous Exercises and Lessons. By
CHARLES CHILD SPENCER . 3 . . F : : . « 178

The House Manager.

A Guide to Housekeeping, Cookery, Pickling and Preserving, Household
Work, Dairy Management, Cellarage of Wines, Home-brewing and Wine-
making, Gardening, &c. By An OLp HOUSEKEEPER . £ 3/6

Manual of Domestic Medicine.
By R. Goobing, M.D. Intended as a Family Guide in all cases of
Accident and Emergency. Third Edition, carefully revised . . 2/0

Management of Health.
A Manual of Home and Personal Hygiene. By Rev. James Bawro 1/0

Natural Philosophy,
For the Use of Beginners. By CuarLEs TomLiNsoN, F.R.S. . 2" 116

The Elementary Principles of Electric Lighting.
By ArLan A. CampBeLL SwiNTON, M.InsT.C.E., M.LLE.E. Fifth
Edition . i ; : N - [ Just Published 1/6

The Electric Telegraph,
Its History and Progress. By R. Saping, C.E., F.S.A., &e. . . 3/0

Handbook of Field Fortification.
By Major W. W. KnoLLys, F.R.G.S. With 163 Woodcuts . . O

Logic, , |
Pure and Applied. By S. H. EMMENsS . ; . : . . 1/6
Locke on the Human Understanding,
Selections from. With Notes by S. H. EMMENS ’ . . . 1/6

The Compendious Calculator |
(Intuitive Calculations). Or Easy and Concise Methods of Performing the
various Arithmetical Operations required in Commercial and Business
Transactions ; together with Useful Tables, &:. By Dan1eL O Gorman,
~ Twenty-eighth Edition, carefully revised by C. Nogrgis . g . 2/86
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Measures, Weights, and Moneys of all Nations.
With an Analysis of the Christian, Hebrew, and Mahometan Calendars.
By W. S. B. WooLnousg, F.R.A.S., F.S.S. Seventh Edition . 2/6

Grammar of the English Tongue,
Spoken and Written. With an Introduction to the Study of Comparative
Philology. By Hype CrLArkEe, D.C.L. Fifth Edition. . - . 1/6

Dictionary of the English Language.
As Spoken and Written. Containing above 100,000 Words. By Hvpe
CLarkg, D.C.L. . . ) : : g . : : ; . 3/6

Composition and Punctuation,
Familiarly Explained for those who have neglected the Study of Grammar.
By JusTin BRENAN. Nineteenth Edition. : 3 . P . 1/6

French Grammayr.

With Complete and Concise Rules on the Genders of French Nouns. By
G. L. Strauss, Ph.D. y ; . 5 4 . . i . 1/6

English-French Dictionary.

Comprising a large number of Terms used in Engineering, Mining, &ec.
By ALrrep ELwEs . " . . : : " : % . 2/0

French Dictionary.

In two Parts—I. French-English. II. English-French, complete in
One Vol. . ; 3 : . P : 3/0

French and English Phrase Book.

Containing Introductory Lessons, with Translations, Vocabularies of Words,
Collection of Phrases, and Easy Familiar Dialogues . 5 : . 1/6

German Grammapr.

Adapted for English Students, from Heyse's Theoretical and Practical
Grammar, by Dr. G. L. STrRAUSS ; : : 1/6

German Triglot Dictionary.
By N. E. 5. A. HamiLton. Part I. German-French-English. Part II.

English-German-French. Part II1. French-German-English . . 3/0
German Triglot Dictionary.
(As above). Together with German Grammar, in One Volume . 5/0

Italian Grammar. -
Arranged in Twenty Lessons, with Exercises. By ALrrep ELwes. 1/6

Italian Triglot Dictionary,
Wherein the Genders of all the ltalian and French Nouns are carefuliy
noted down. By ALFRED ELwes. Vol. I. Italian-English-French. 2/6

Italian Triglot Dictionary.
By ALFrRep ELwEgs. Vol. I1. English-French-Italian . . . 2/6

Italian Triglot Dictionary.
By ALrrep ELwes. Vol. III. French-ltalian-English . . . 2/6

Italian Triglot Dictionary.
(As above). In One Vol. §

Spanish Grammar.
In a Simple and Practical Form. With Exercises. By ALrrep ELwes 1/6

Spanish-English and English-Spanish Dictionary.
Including a large number of Technical Terms used in Mining, Engineering,
&c., with the proper Accents and the Gender of every Noun. By ALFRED
ELwEs . : . . 3 ; . . 4/0

** Or with the GRAMMAR, 6/0.
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Portuguese Grammar,
In a Simple and Practical Form. With Exercises. By ALFRED ELWEs. 1/6

Portuguese -English and English-Portuguese Dic-

" tionary.
Including a large numbe
&c., with the proper Accents and
EvLwes. Third Edition, revised . ; : .
* % Or with the GRAMMAR, T/0.

Animal Physics,
Handbook of. By DioNYSIUS LarpnEr, D.C.L. With 520 Illustrations.

In One Vol. (732 pages), cloth boards . . T/6
* * Sold also in Two Parts, as Sollows :—

ANIMAL Puysics. By Dr. LARDNER. Part 1., Chapters L.—VII. 4/0

AnIMAL PHysics. By Dr. LARDNER. Part 11., Chapters VIII.—XVIIL
3/0

¢ of Technical Terms used in Mining, Engineering,
the Gender of every Noun. By ALFRED

. 5/0
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