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THis Edition has been thoroughly revised, and the size of the
book has been considerably increased by the introduction of
additional matter dealing more especially with the use of
-compound and electrical winding engines, and with the appli-
cation of central condensation stations. Nearly two hundred
figures were added to the fourth edition to illustrate, as far
as possible, the most recent appliances, and the opinions that
have attracted attention during the last half decade. These
have been retained, and additional ones inserted in the present
issue.

Year by year the more easily worked coal deposits become
scarcer, and operations have to be carried on in deeper areas,
or in seams presenting difficulties that have hitherto hindered
their development. The mining engineer of the future will
have to deal with commercial and technical problems that will
tax his resources to the utmost. There is, too, little doubt that
labour will also claim a greater proportion of the profit than
it has in the past. The influence of this factor on the prosperity
of the mining industry can be minimised only by the intro-
duction of labour-saving appliances, by increased knowledge
on the part of the engineer, and by a readiness to avail himself
of improvements, which his own ingenuity, or that of his fellow- V
workers, may suggest. It is hoped that the information con-
tained in this volume may help to remove local prejudices and
to suggest ways in which the experience gained in other districts
may advantageously be applied.

I have to thank Mr. G. Stephen Corlett for revising the
electrical portion of the work, and I am again indebted to
Mr. Bennett H. Brough and Mr. H. G. Graves for valuable

suggestions.
H W. H.

DupLEY, February, 1904.



PREFACE.

IN the preparation of this volume my aim has been to supply
a text-book of moderate dimensions, giving all the information -
with which the student and the practical miner should be
familiar. In order, however, to economise space, I have had
to omit reference to many appliances which have become
obsolete from their antiquity, or by reason of their failure in
practice.

Although it is impossible within the limits of the book to
furnish exhaustive descriptions on all points, yet the details of
general colliery work have been fully described, on the ground
that collieries are more often made remunerative by perfection
in small matters, than by bold strokes of engineering. All
modern collieries are practically identical so far as general
machinery and arrangements are concerned; nevertheless, it
frequently happens, in particular localities, that the adoption
of a combination of small improvements any one of which
viewed separately may be of apparently little value, turns an
unprofitable concern into a paying one.

At the end of each chapter will be found a carefully selected
list of Memoirs in which fuller information can be sought.
This will, it is hoped, prove a novel and useful feature in a
treatise on coal-mining, for, scattcred through the pages of the
Transactions of the Mining Institutes, numerous valuable papers
exist; but, owing to the lack of general indexes, they are
unfortunately not consulted so much as they deserve to be.

All the figures elucidating the text have been specially
drawn for this work, the majority having been reduced from
original working drawings.
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In conclusion, I have to express my cordial thanks to the
many friends who have rendered valuable help in the prepar-
ation of the work. Especially, I am indebted to Mr. B. H.
Brough, Assoc. R.S.M. F.G.S, Mr. H. G. Graves, Assoc. R.S.M,,
and Mr. H. F. Bulman, for important suggestions and able
assistance while the volume was passing through the press.

HERBERT W. HUGHES.

ConeYare CoOLLIERY,
DupLky, Sextember, 1892.
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TEXT-BOOK OF COAL-MINING.

CHAPTER L
THE OCCURRENCE AND COMPOSITION OF COAL.

Preliminary.—Although some knowledge of geology is absolutely
essential in the search for coal and in the working of the deposits, it
is impossible in a text-book on coal-mining to deal usefully with
8o comprehensive a subject, or even to find space for a consideration
of the salient points with which the mining student should be familiar.
He is, therefore, referred to the standard treatises on geology. A
few brief notes are here given to recall to his mind the order of
succession of the beds of which the earth’s crust is composed, and
the meaning of the geological terms frequently used in describing the
methods of winning and working coal seams.

The order of geological succession has been divided into four
great divisions—(1) archsean ; (2) pal®ozoic, or primary ; (3) mesozoic,
or secondary ; and (4) cainozoic, or tertiary; to which is sometimes
added the quaternary, or recent. These divisions are split up into
systems, each system into formations, which usually receive the
name of places where they are well developed, and, finally, the
formations are subdivided into beds, characterised in many in-
stances by certain fossils being always associated with them.

The following summary shows the classification at present
adopted :—

ost-pliocene.
Camvozoic, | Pliocene.
OR Miocene.
TERTIARY. | Oligocene.
ne.
Mzsozoic, [Cretaceous.
OR Jurassic.
8rcoxDARY. | Triassic,
E:T;:ff or dyas. gp r, middle, and lower coal measures.
rboniferous. illstone grit.
PAL‘OEQZOIC’ Devonian. Carboniferous limestone.
Upper Silurian.
Privary. Lgvl;zr Silurian.
Cambrian.

AxrcrxAN, —Crystalline rocks, schists, &c.

It must be observed, that these formations rarely succeed each

other in the regular order given; breaks occur, caused by meta-
- I
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morphism and denudation, or by original non-deposition owing to
local circumstances, and only by observations at numerous places has
the order of succession been established.

The coal-miner is more interested in the carboniferous formation,
that being the one in which beds of coal occur to the greatest extent
all over the globe. In Great Britain, with one or two small and rare
exceptions, the whole of the coal mined is extracted from beds of the
carboniferous strata. The coal measures of Europe and the United
States mostly belong to the carboniferous system, but in the latter
country large deposits of coal occur in the cretaceous formation, and
in the Pacific States (California, Washington, and Oregon) in the
eocene formation, while much of the New South Wales coal belongs
to the triassic.

Inclination of Strata.—Generally speaking, strata were laid
down in a horizontal position, this being shown by the lie of pebbles
in rocks, and by the position of fossil trees. It is, however, very rare
to find the beds retaining this position, though the folding may be of
the slightest. If a bed is at all inclined, it must reach the surface
somewhere, and the space where this happens is said to be the outcrop
of the bed. The nature of the outcrop and its width depend on the
thickness of the bed and the degree of inclination ; it cannot be less
than the thickness of the bed, and is wider, the smaller the angle of
inclination.

In order to define a bed, two things must be known—first, the
direction in which the inclined bed reaches the surface, and the
inclination of the bed. The angle which beds make with the horizon
is called the dip, und the line in a horizontal plane, the strike, the
latter necessarily being at right angles to the dip. When the surface
of the ground is horizontal, the lines of outcrop and strike coincide,
but, if the strata are inclined, the outcrop is inclined also ; the strike
is always horizontal. Angles of dip are
usually measured by an instrument called
a clinometer, but, in doing this, care must
be taken to distinguish between the true
and apparent inclination; the latter can
never be greater than the former, but it

may be less to any amount. .
Fig. 1. ‘When the strata are bent in arches
they are said to have a synclinal fold,
when the arch is downwards; an anticlinal, when the arch is
upwards (Fig. 1); when the folds are small, they are called troughs
and saddles respectively.

Faults.—When the pressure is too great, or is applied suddenly,
or if the rock refuses to yield, and then breaks, instead of bending, a
dislocation is obtained ; the divided segments are thrown out of level,
and do not fit, one side being higher than the other. This is called a
fault. In mining districts such term is applied loosely to anything
which interferes with the seams that are being worked. Generally
speaking, when contortions of the strata are numerous, faults are few ;
and vice versd. The position of every fault is defined by two directions,
as in the case of beds: the strike of a fault is spoken of, but, in the
place of the word “dip,” the term hkade is employed, this being,
however, the inclination measured from the vertical. To determine a
fault accurately, it is necessary to know two other things—(1) which
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side is thrown up, and which is thrown down ; (2) the amount of dis-
placement. The former is in the majority of instances easily
determined, us faults usually hade or incline towards the down-throw,
so that in driving roads under ground, if the fault is first met with in
the roof it is a down-throw, while, if struck on the floor first, it is an
up-throw. Again, rocks before breaking usually yield to bending a
little, and such signs are very useful to the miner, especially where
the hade of fault is nearly vertical (Fig. 2). No rule can give the
amount of displacement, as sometimes, when the hade is small, the
throw is large, and at other times, with a similar hade, the displace-
ment is small. The throw of faults is always measured vertically, and
way be variable at different points, often changing from a few feet at
-one end to hundreds of yards at the other. In addition, there is often
-a variation in the throw of the same fault at different levels. When
the amount is small, they are called hitches, troubies, or alips.

e e

=

Fig. 2. Fig 3.

Reversed Faults.—It has been observed above that ordinary
faults incline to the down-throw, but in some instances they incline
towards the up-throw, and are then said to be overlap or reversed faults
(Fig. 3). The most noteworthy of this class in Great Britain is the
overlap fault of the Somerset coal-field, which occurs in the Countess
Waldegrave's colliery at Radstock ; by it, the seams of coal are doubled
for a breadth of about 150 yards, the alteration in level amounting to

ards.

4 y;I‘he dislocated walls of a fault are often in contact with each other,
but frequently, especially when the beds are of varying hardness, spaces
.are left between filled with broken fragments which have been removed
from the adjoining rocks. The distance across a fault may therefore
vary from a few feet to many yards.

When the rocks are very hard and the fault is a clean-cut one, we
get a remarkable polishing of the sides known as ‘slickensides,”
caused by the enormous pressure of the rocks on each other during
the displacement of the beds.

Trough Faults.—These are caused by two faults, each having a
down-throw towards the other. A very good example of this is the
Dudley Port Trough Fault, of the South Statfordshire coal-field (Fig.
4). Here two faults are separated from each other by half a mile—
one a down-throw to the south, and the other a down-throw to the
north. Each hades towards the other, so that they meet at no great
depth, and, as the throw is equal and opposite at the point of meeting,
no dislocation takes place.

Conformable and Unconformable Strata. — Subsidence has
taken place ‘in all times, but when this action was uniform, bed
-succeeded bed in regular order, and produced what are called conform-
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able strata (Fig. 5). When, however, the beds were tilted up before
the succeeding layer was deposited on them, or, as in many instances,
the older beds were in addition denuded or worn away, the strata are
said to be unconformable to each other (Fig. 6).

Fig. 4. Fig. s. Fig. 6.

Carboniferous System in Britain.—This is divided into the
following members :—(1) The Coal Measures, consisting of beds of
shale and sandstone varying in thickness from 200 to 1200 feet, and
containing numerous beds of coal. The coal measures proper may
be further subdivided into upper, middle, and lower divisions, each
of which possesses characters more or less peculiar to it; no sharp
line of demarcation has, however, been yet satisfactorily established
between them, each passing insensibly into the other. One pecu-
liarity of the upper coal measures is worth noticing—namely, the
occurrence in them of thin beds of a fresh-water limestone, containing
immense numbers of a small shell called the Spirorbis carbonarius,
from which the beds are called spirorbis limestone. (2) The Millstone
Grit, consisting of coarse sandstones. This received, in the South of
England, the name of the ¢ farewell rock,” as it contains no coal seams.
in that part of the country. This rule, however, does not apply to:
every district, as, in the North of England and in Scotland, beds of
coal and shale are found. (3) The Carboniferous Limestone contains
in Scotland thin beds of coal. This portion of the carboniferous
system is built up of thick beds of limestone of marine origin, full of
the remains of animal life.

Fossils.—The coal measures contain in varied abundance the
remains of luxuriant vegetation. As an example, may be cited the
occurrence of the plant known to the geologist as Leptdodendron,
which attained dimensions of from 4o to 60 feet high, and several feet
diameter. This plant is allied to the lowly club-moss of the present
time, whose height does not exceed a few inches. Another example
that may be referred to is the jointed and fluted stems called Calamites,
represented in our fields and marshes by the Equisetum, or horse-tails.
Portions of ferns are very abundant, some of which attained enormous
dimensions. Remains of the stalks (rachis) of ferns have been met
with, measuring in their compressed state 5 feet across, and Grand
'Eury describes the frond of a fern measuring 16 feet long. The
classification of these ferns has always presented difticulties to the
botanist, owing to the fragmentary manner in which they are found,
but recent researches of Williamson and Kidston in Great Britain,
Grand ’Eury, Schimper, Zeiller, and Stur in Europe, and Dawson and
Lesquereux in America, have greatly extended our knowledge of a
most fascinating branch of geology, and one in which the mining
student is most directly interested. A knowledge of the flora of the
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<oal measures is essential to any one searching unknown districts for
indications as to coal-bearing rocks, and it is not too much to say that
vast sums of money have been thrown away in fruitless attempts to
prove coal to exist, where a little knowledge of the fossils of the car-
boniferous formation would have at once shown the uselessness of any
search. The classification of these ferns has until lately been quite
arbitrary, form of leaf and arrangement of nerves being the points
usually relied on. Living ferns are referred to their several classes
by the arrangement of their fructifications, which are usually borne in
small rounded dots, called sori, on the back of the leaflets. Much
knowledge has recently been gained of the fructifications of fossil
plants, and hence a more reliable classification is the result.
Deflnition of Coal.—The question, *“ What is coal "’ appears a
very simple one to answer, but that such is not the case was proved
by the now historical lawsuit over the Torbane Hill mineral in 1853.
The owners of the Torbane Hill estate had leased all coal contained in
it, and, in the course of working, the lessees extracted a combustible
material containing a large amount of gas. The lessor claimed that
this mineral was not coal, and disputed the right of the lessees to
work it. A trial resulted, and geologists, chemists, and gas engineers
gave evidence on both sides. In summing up, the judge remarked
that “to find a scientific definition, after what has been brought to
light within the last few days, is impossible.” For our purpose, coal -
may be defined as a solid stratified substance, capable of undergoing
combustion in contact with oxygen, not containing sufficient earthy
impurities to prevent its being applied as a source of heat in furnaces
and fireplaces, and varying in colour from brown to black.
Formation of Coal.—However much geologists may differ as to
the question whether coal was formed on the spot on which the forests
that produced it grew, or whether it resulted from the accumulation
-of drift, every one es that it results from the decomposition of
vegetable matter. The hypothesis generally accepted is the former,
although it seems perfectly clear that in some instances areas of coal
have been formed by organic matter drifted into deltas. The common-
sense view, that the land became submerged at intervals, and that the
underclays of coal seams form the beds on which the plants originally
grew, is the great argument in favour of the ¢n situ theory, as it is an
-everyday occurrence to find the roots of trees firmly embedded in the
underclay. On the other hand, trees and their rootlets are found in a
horizontal position, and even inverted, while it is difficult to under-
stand how the alternate rising and lowering of the ground could
have so rapidly taken place, as would be necessary to account for
the alternate layers of thin coal and shale so often found in coal seams.
Exposed to the action of the atmosphere, vegetation decays and
goes to enrich the soil, but supposing that the organic material fell
into water, decay is incomplete, layer would be deposited on layer, and
under pressure deposits of coal are formed. In peat bogs, for instance,
living plants are found at the surface, lower down the forms of plants
are still recognizable, while the bottom portion is very compact, and
vegetable structure can scarcely be distinguished ; as we go deeper in
‘the mass the quantity of carbon increases. The conversion of woody
‘tissue into coal takes place by the elimination of oxygen, which com-
bines with carbon to form carbonic acid gas and by the separation of
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carburetted hydrogen (“fire damp” of the miner) and water. To
illustrate the gradual change in composition in passing from wood to
anthracite coal, Dr. Percy® gives the following table, the proportion of
carbon being estimated at the constant amount of roo :—

Substance. Carbon. Hydrogen. | Oxygen. m’
Wood (the mean of several analyses), 100 12718 8307 1-80
Peat  ,, w o .on 100 985 | 5567 2:89
Lignite ,, y 15 varieties, . . 100 837 42°42 3'07
Ten-yard coal of South Staffordshire, 100 612 21°23 3°47
Steam coal from the Tyne, . . . . 100 5°91 18°32 362
Anthracitefrom Pennsylvania, U.S.A.,| 100 284 174 263

Note.—All bodies existing in Nature consist of substances that cannot be
resolved into any simpler form, these being called elements by chemists, and
designated by symbolic abbreviations. The smallest indivisible parts of these
elements are called atoms, and these, by combination with each other, form the
substances occurring in Nature. The number of atoms of each element comprised
in any substance i8 shown in chemical formule by a number following the symbol
of each element. Thus, water contains one atom of oxygen and two of hydrogen,
its chemical symbol being H,O.

Classification of Coals.—The classification of the various coals
occurring in the sedimentary rocks is best done by dividing them into
heads according to the relation between the proportions of carbon and
oxygen. In this manmner is obtained (1) Lignite, (2) Bituminous
Coal, (3) Steam Coal, (4) Cannel, (5) Anthracite.

1. Lignite.—Found in our own country at Bovey Tracey, in
Devonshire. Some varieties show distinct woody texture, while
others are structureless. They contain a large proportion of water,
burn with a disagreeable odour, and are brown in colour. Lignite
coal contains about 67 per cent. of carbon and 26 per cent. of oxygen.
A subdivision of the class is sometimes made, called brown coal, which
contains a larger proportion of carbon and less oxygen than the
true lignite. It occurs in large quantities on the Continent and in
some of our colonies, an analysis of brown coal from New Zealand.
showing, carbon 722, oxygen 224, hydrogen 5°4.

2. Bituminous Coal.—The proportion of carbon in this class varies
from 75 to 9o, and the oxygen from 6 to 19. They burn with a more
or less smoky flame, and are largely used for household purposes. As
the proportion of oxygen decreases, the coal gets blacker and less
sonorous, and the friability increases. The bituminous class of coals.
may be further subdivided into non-caking and caking varieties; the
former, when burnt, split up into fragments, while the latter soften
on the fire and swell up, the particles bind together, and form a pasty
mass. This property is an extremely valuable one, and fromn this class-
of coal are made great quantities of coke. The small picces are heated
together in « suitable oven to a certain temperature, and when the
mass is withdrawn and cooled, a hard glistening mass is obtained, in
which all form of the original particles is lost. It has never been.

* Metallurgy (Fuel), &c., 1875, p. 208. + For definition, see p. 9.
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established to what this property of caking is due, but it is certain
that ultimate analysis forms no guide. Mr. Gruner gives the following
analyses of two coals :—

(a) (2}
Carbon, . . . . . . 752 76

Hydrogen, . . . . . ¢ 3

Ox lg:gen, . . . 16 16 3
, . . . . . . g 33

Water, . . . . . . 3 34

These coals are nearly identical in composition, but while (@) cakes,
(b) does not.. Chemists can determine the amounts of the various
elements present in coal, but are quite unable to say how these
elements are combined amongst themselves, these internal combina-
tions being the probable explanation of the different behaviours of
coals of the same ultimate analysis. For commercial purposes, proxi-
mate analysis is all that is required, this giving us the amount of fixed
carbon (coke), volatile matters, and the amount of impurities. There
appears to be no rule for determining the caking qualities of a coal,
except actual experiment, as this property is possessed by coals
differing widely in composition. It appears to be influenced by the
method of conducting the experiment; thus, in some cases rapid
heating will cake a non-caking coal. The amount of ash present does
not seem to influence the result, as examples are known of a caking
coal containing 20 per cent. of ash. On the other hand, many coals
lose their power of caking by long exposure to the air.

3. Steam Coals.—These are principally worked in the South Wales
and North of England coal-fields. As their name denotes, they are
mainly used for the production of steam ; their evaporative power is
high, and they give off scarcely any smoke in burning, while, on
account of their structure, they burn more readily than anthracite.

4. Cannel Coal.—The chief deposits of this class occur in the
Lancashire and Scotch coal-fields. Cannel is very rich in hydrogen,
and is mainly used for the production of gas, as it yields by destructive
distillation about 40 per cent. of volatile matters. It is very hard,
dense, and structureless, and is sometimes used for the manufacture of
ornaments. In this division of coals may be included certain shales,
containing large quantities of bituminous matters, which on distilla-
tion yield liquid and solid paraffin. The Boghead cannel, over which
the celebrated trial took place, may be considered the representative
of this type.

5. Anthracite.—The darker and denser varieties of ordinary coal
gradually pass into the anthracite varieties, which are characterised
by the large amount of carbon they contain. They do not soil the
fingers, are very hard, and break with a conchoidal fracture. The
formation of anthracite has probably been effected by the alteration of
bituminous coals under heat and pressure. In the South Wales coal-
field the same seam of coal, which is of the ordinary bituminous
variety in the eastern district, passes by gradations into steam coal in
the middle of the coal-field, while in the western district it is changed
into anthracite. Enormous deposits of this class of coal are met
with in Pennsylvania, our own store being confined to South Wales.
Anthracite contains from 93 to 95 per cent. carbon, 4 to 2 per cent.
hydrogen, and 3 per cent. oxygen. It is practically smokeless when
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burning, and is much used where such a property is valuable, as, for
instance, in malt-drying and in some metallurgical operations. The
coke is brittle. ,

The table* (p. 8) shows the percentage composition of different
classes of coal.

Commercial Value of Coals.—The value of coal as fuel depends
chiefly on the Calorific Power, which is the total heat developed by
combustion, expressed either in units of heat or of evaporation, and by
the amount of ash and impurities present.

In determining the calorific power of fuels, the same difficulty is
met with as in judging of the caking properties. The composition,
and the units of heat developed by the combustion of each component
of the coal, being known, the theoretical calorific power can be easily
determined, but, as before, we neither know how the various elements
are combined together, nor what quantities of heat appear or disappear
during the breaking up of the complicated compounds of which coals are
composed. Direct experiment is resorted to for ascertaining the actual
«calorific power, the operation being performed in an instrument called
& calorimeter. The most convenient of these for prac-
tical purposes is the one designed by Mr. Lewis 4
Thompson, which consists of a glass vessel (v, Fig. 7)
containing a known quantity of water. A weighed
invariable quantity of the coal to be experimented
with is intimately mixed in a mortar with about ten
times its weight of a mixture of three parts potassic
chlorate and one of potassic nitrate. This mixture is
placed in a small copper cylinder 4, which in its turn
18 covered with another copper vessel ¢, furnished with
-a tube and stopcock & on the upper side, and pierced
with holes ¢ on the lower end. A fuse is placed in 53
the smaller cylinder containing the mixture, this is &—f=
lighted, the stopcock closed, and the apparatus let :
.down to the bottom of the graduated flask containing ¢ % =
the water. When combustion has ceased, the stopcock Fig. 7.
is opened and the apparatus is moved gently up and
down, care being taken not to raise it out of the water. The tempera-
ture is noted at the beginning and end of the experiment, and from a
table supplied with each instrument the calorific power is found. The
rise of the temperature, plus 10 per cent. of this rise, will give the
number of lbs. of water which 1 lb. of coal will convert into steam
from and at 212° F. The importance of calorific power is not at all
understood by consumers. One coal may be obtained for a less price
than another, but if the lower-priced coal has less calorific power than
the other one, the consumer may not be obtaining the best value for
his money. Coals rich in oxygen never have such high calorific
powers as those containing a smaller amount, as the quantity of
hydrogen available for heating purposes in any fuel is not the total
amount of that element present, but only that portion of it (called
disposable hydrogen) which is in excess of the quantity required to
form water with the oxygen contained in the coal. The amount of
disposable hydrogen in any coal can be ascertained, when its com-
position is known, by dividing the quantity of oxygen present

* Compiled from Dr. Percy’s Metallurgy (Fuel, &c.), London, 1875.
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by 8 and subtracting the result obtained from the total quantity
of hydrogen present, the remainder being the disposable hydrogen.
Oalorific powers of a few coals are given in the following table * : —

Calorific Power (in heat !
Locality. Natmre of Coal. units), of dry Coal
free from Ash.

Toula, Russia, . . . . Lignite 13,837
Manosque, Basses Alpes, . " 12,584

France and Germany, . . . Brown coal 11,340-14,220
England, . . . . . Caking coal 15,804
v . . . . . . »” 16,108
Basin of Donetz, Russia, . . v " 15,651
Le Creusot, France, . . v ” 17,319
' » . . . Anthracite 17,021
Basin of Donetz, Russia, . . ' 14,866

The ash of coals is the substance remaining when total combustion
has been effected. It is composed of the earthy impurities originally
present in the coal, and may be easily determined by burning a
weighed quantity of coal in a porcelain crucible, either over a Bunsen
gas-burner, or in a muffle. It is important that not only the guantity
of ash should be determined, but also its nature. Some ashes tend to-
fuse together and form ‘‘clinker,” which is very objectionable ; more
attention is required from the stoker, as he has to be continually
stirring up the fire, and even when this is done thoroughly, the
draught is materially interfered with, and imperfect combustion is
likely to take place. Coal may contain such a large proportion of ash
as to be practically worthless as a fuel. The amount of iron pyrites
present has also a great effect on the nature of ash, as fusion is assisted
and a tendency to form clinker results. Sulphur, too, which is con-
tained in pyrites, is very objectionable in some metallurgical opera-
tions.

Gases occluded in Coal.—The majority of coals contain various
gases, which are given off when exposed to the atmosphere. Generally
this takes place slowly, and may be observed by the singing noted at
the working places in fiery seams of coal, or by the sudden outbursts
of gas which are known to the miner by the name of ‘blowers.”
Certain coals of a porous structure readily yield up the gases contained
in them, while others of a denser character, although containing even
more gas stored in them, do not discharge it in such quantities. In
vacuo, and under the influence of a gentle heat, coals readily discharge
the gases they contain. Mr. J. W. Thomas { has made a series of
experiments on this subject which throw a great deal of light on the
question. He finds that the gases occluded from bituminous coals
consist mainly of carbonic acid, and that the quantity yielded is very
much smaller than that given off by the steam and anthracitic varieties.
Steam coals evolve u large quantity of gas, the chief component of
which is marsh gas, which in some instances reaches as high as
87 per cent.  Anthracites yield by far the largest volume of gas, with
a composition closely resembling that from steam coal. The following

* Coal, its History and Uses, 1878, p. 250.
+ Coal, Mine Gases and Ventilation, 1878.
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table* shows the quantities of gas evolved from coal at 100°C.
(212" F.) in vacuo, and its percentage composition :—

Composition of Gases.
No. (:‘ Nature of Coal. g,',’,.f,'f,‘;'."ﬁ?c"’,’.{ﬁ‘é
Sample. 100" C. in vacuo. C“;Bfgic Oxygen. héaa:h Nitrogen.
. . c.c

1 |Bituminous, . 559 3642 | o8 e 62°78

3 T 551 544 | 105 | 6376 | 29°75
3a |Semi-bituminous, 736 12°34 | 0°64 72°51 | 14°51

4 |[Steam, . . 1948 504 | 033 | 8730 | 733

g " . . 250'1 13°21 0°49 81°64 466
» - 3754 925 | 03¢ | 8692 [ 349

9 woo e . 1493 1135 | 056 | 7347 | 14°62
13 |Anthracite, . §55°S 2°62 . 93°1 425
14 ' . 6006 1472 84°1 1'10

Mr. Thomas points out, that these results were obtained in a
laboratory, and that it must not be supposed that coals which contain
the greatest quantity of gas in their pores are the most dangerous
to work, the rate of discharge being controlled, as has been before
pointed out, by the structure of the coal. Anthracites, for instance,
although holding large quantities of marsh gas, are by no means
dangerous to work, as only smail quantities of gas are discharged at
the working face owing to the jet-like nature of these coals, such
structure being eminently favourable to the retention of gas. On the
other hand, steam coals, although containing a smaller quantity of
gas, readily give it up, owing to their porous nature, and the quantity
of gas evolved at the face of the workings in some of these coals is
enormous. From these results we are able to see where the explosive
gases in mines are obtained, and can readily understand that mine-
gases and the gases occluded in the coal stand in definite and fixed
relationship. Mr. Thomas experimented in this direction, and the
results he obtained are summarised in the following table :—

Composition of the Gas.
No. of | Whether a Blower or obtained
Sample. by boring into Coal. ’3‘,’2" C.Aﬂ;?;.ic Oxygen. Nitrogen.

1 Blower, . . . 97°65 0°'50 185

2 Boring, . . . 97°31 038 231
3 Blower, . . . 74 0'47 e 2'79

4 Boring, . . . 96';2 0°44 3'c2

o . . . 74" 0°1§ 4°69 20°30

g Blower, . . . 9484 o'10 506
10 ' . . N 4737 0°90 10°1§ 41°58
14 » . . . 95°56 0°35 o'l 3'98

Thé enormous pressure under which these gases are contained in
the coal will be realised when it is stated that in the 4-feet seam of
the Harris Navigation Colliery, at a depth of 700 yards from the
surface, and with a bore-hole put 30 feet into the face of the coal, the

* Op. cit., p. 345
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pressure was 143 lbs. per square inch ; while a bore-hole 50 feet deep,
in the 4-foot seam at Merthyr Vale Colliery, at a depth of 450 yards
from the surface, registered 280 lbs. per square inch pressure of gas ;
it may be further added that these pressures are by no means the
maximum ones that have been obtained in different gollieries.*

“Blowers” of small dimensions usually follow the face, and as this
proceeds the older ones die out and newer ones take their place. A
thin seam of coal overlying the bed worked is very favourable for
supporting this action. By the sinking of the strata, cavities are
formed in the measures above the roof, and these are filled with
accumulations of gas; a crack is by some means formed, and an out-
burst of gas results. This action is guarded against in some collieries
by a regular system of putting bore-holes up in the roof, and thereby
gradually draining all the gas from the measures. In driving ex-
ploring works, large blowers are frequently met with which yield
enormous volumes of gas, sometimes for long periods of time, and
sometimes for smaller ones. In the former case the gases are conveyed
to the surface through pipes and burnt; while in the latter the district
‘has to be temporarily abandoned until the outburst has exhausted
itself.

The World’s Production of Coal.—The world’s annual produc-
tion of coal and lignite now amounts to about 780,000,000 tons. The
production of the coal-producing countries in 1901, expressed in tons,
was as follows :—United Kingdom, 219,046,945 ; Australasia—New
Bouth Wales, 5,968,426 ; New Zealand, 1,239,686 ; Queensland, 497,132;
Tasmania, 43,000 ; Victoria, 209,000. Austria, 11,738,839 coal and
22,473,500 lignite ; Hungary, 1,367,189 coal and 5,130,077 lignite;
Belgium, 23,462,800; Borneo, 35,360; Bosnias, 445,000; Canada,
5,613,690; Cape Colony, 198,450 ; France, 31,613,000; Germany,
108,417,000 coal and 44,211,900 lignite; Greece, 9,720; Holland,
320,220 ; India, 6,635,700 ; Italy, 425,610; Japan, 7,429,450 ; Mexico,
38,670 ; Natal, 569,200 ; Peru, 47,500 ; Portugal, 22,200; Russia,
15,652,480 ; Servia, 192,800 ; Spain, 2,514,500; Sweden, 271,500 ;
“Transvaal (1898), 1,953,000 ; United States, 260,929,248.
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OCHAPTER 11
SEARCH FOR COAL.

Prospecting.—The preliminary operations in searching for coal in
new districts, consist in carefully examining surface indications to
determine the nature and position of the beds exposed in the area
under examination. A knowledge of geology is indispensable for
such work. The banks of streams and cuttings should be closely
examined, and all outcrops noted and laid down on a rough sketch-
map. Rocks and fossils of Carboniferous age afford the best indication
of the probable existence of coal, but it is not absolutely necessary
that such should be found at the surface, nor is it certain that
when they are found coal surely exists beneath. For instance, in
England, the greater part of the Somerset coal-field is covered with
rocks of newer formations (Lias and New Red Sandstone); while in
the north of France and Belgium, thick deposits of the Cretaceous
formation are passed through before reaching the Coal Measures.
Perhaps the wmost remarkable instance of the reversal of strata is
afforded at Drocourt, in the Pas de Calais, where, after sinking
through the Cretaceous, they passed at a depth of 413 feet into the
Devonian ; and after sinking in this formation to a depth of 958 feet
from the surface, met with very disturbed Coal Measures, and beds of
coal, which were worked for a counsiderable period. The shaft was
sunk deeper and deeper, until at 1886 feet a fault was reached. On
passing through this, the ordinary Coal Measures of the district were
met with, and are now being worked. The Devonian and first portion
.of the Coal Measures met with had evidently been bent completely
over before the Cretaceous was deposited.

Boring.—Even after the examination above referred to, from
which the probable existence of minerals may be reasonably inferred, -
further proofs have to be obtained. If outcrops of actual seams have
been found, a great deal can be done by sinking shallow pits or by
driving levels. Indications at small depths are, however, seldom con-
clusive, especially as regards the quality of the coal seams, and the
.operation of boring is generally resorted to.

Choice of 8ite.—For proving considerable areas several holes may
be required, the sites of which are determined by the extent, location,
and general features of the land to be developed. The preliminary
survey decides these general features, but consideration has also to be
given to the suitability of the spot for the erection of the drilling
apparatus and for carrying on the work.

Various Appliances used in Boring—(a) Bits.—For shallow
holes in soft ground the borer consists of some heavy instrument of
the “scoop” kind, the general form being a cylinder, the cutting edge
having a slit up its side like a gimlet. In soft, loose ground, pipes
furnished with a cutting edge can be driven down by blows of a heavy
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wood block dropped through a considerable height. A second pipe of
smaller diameter is lowered inside the drive-pipe, and through it a
strong stream of water is forced. This second pipe follows the cutting-
shoe, and stirs up the loose material and washes it to the surface.

This method is largely used in America, up to 300 feet of gravel
being easily got through. The pressure of water is sufficient to force
up gravel of about 4 inch diameter, but if larger pieces than this are
eucountered they must be chopped to pieces.

For harder ground bits of chisel-shape have to be employed.
These are suspended from rods, which are raised up and dropped
down, thereby chipping off small quantities of rock. The rods are
rotated after every blow, so that the tool drops in a different place each
time.

The general form of chisel employed is that having a straight edge
(Fig. 8). The angle enclosed by the cutting edges is variable, de-
pending on the nature of the rock. For hard rocks, a chisel with an
acute edge is too likely to break ; the angle should not exceed 70°.
The size of the chisel should be carefully measured before it is lowered
into the hole, as if it is too wide it will jam, while if too small the
hole will get too narrow. As with all tools, the chisel was formerly
made of wrought iron tipped with steel, but is now universally
constructed of steel throughout. For very hard rocks a V-shaped
chisel is sometimes employed. Various other shapes have been tried
from time to time, but abandoned, owing to the difficulty of sharpening.

— V

Fig. 8. Fig. 9. Fig. 10. Fig. 11.

(b) Rods.—These may be either of wood or iron, the latter being
most common. Their usual size is about 1 inch square, and from
28 feet to 36 feet long. Shorter pieces for making up lengths are also
used. As the hole gets deeper the thickness of rods has to be increased.
The rods are provided with screwed and socket ends, and as the
portion on which the screw is cut should be the same size as the rod
itself, the metal is thickened out at the joints, forming a shoulder,
to which the tools for supporting the rods during changing operations
can be conveniently attuched. The common triangular screw thread
is generally employed, and the socket made deeper than the screw, in
-order that the shoulders of two successive rods should bear firmly
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against each other, thereby preventing the risk of stripping the thread.

All the joints should be identical, made to gauge, and be well fitting,

or the liability to accident is great. Splitting the socket is perhaps

the commonest failing, and may be minimised by exercising care in

preventing the vibration of the rods. The rods should always be

rotated in the same direction as they are screwed up together, and

when the threads begin to wear they should be broken off and fresh
end pieces welded on. .

After each blow the rods and chisel are turned through a small
angle by the *“ tiller” (Fig. 9), which is attached at the surface. To
enable this operation to be easily carried out, a swivel joint is intro-
duced. As the depth of the hole slowly increases the rods necessarily
descend, being allowed to do so by the use of an instrument called the
“stirrup ” (Fig. 10), which consists of a collar gradually working down
a long screw. When the limit of travel of this instrument is reached,
it is detached, the screw run back into the position shown in the
illustration, and a short length of rod inserted between it and the
main length attached to the tool. This operation is repeated until
sufficient distance has been bored to allow of the insertion of an
ordinary length of rod, the smaller making-up pieces being then
removed. For unscrewing, an ordinary spanner key is employed.

(0) Guides.—To keep the hole vertical a guide-block is fixed at the
surface. This generally consists of a block of wood (a, Fig. 11) about
9 feet long, through the centre of which passes a hole of the same
diameter as the bore-hole. It is fixed truly vertical, and secured by
four pieces of wood arranged in the form of a square. Its upper end
is furnished with two stops (b, b) turning around pins. A piece is cut
out of each shutter, leaving an opening central with the hole, and of a
size slightly larger than the rods, so that when the latter are in
position the space is filled in. This shutter really fills two purposes,
as it prevents anything falling down the bore-hole, and also suspends
the rods during the operation of unscrewing, the hole through it being
large enough to allow the rods to pass, but not a joint.

In deep holes other guides are inserted in the rods at regular
intervals. A common form is that shown by Fig. 12, which readily
passes through water. Discs and other shapes have been abandoned,
as even where water-ways are left through them, they set up eddies in
the water filling the bore-hole, wearing away the sides, and causing
them to fall in, if the rock is at all soft.

(d) Clearing Instruments.—When a sufficient amount of cutting
has been done, the débris which has accumulated at the bottom of the
hole is removed by the “sludger” (Fig. 13), which consists of a tube
from 4 to 6 feet long, having a valve at the bottom, either of the ball
or flap-door type. The removal is usually done with a rope, some-
times a few lengths of rods being added to give weight. When the
sludger reaches the bottom, it should be picked up and dropped several
times before raising to the surface. For deep and large bore-holes a
superior class of sludger is employed, having, in addition to the valve
at the bottom, a piston working in the barrel portion. When this
piston is drawn up it sucks-in the slime.

(¢) Levers.—The most general way of working the rods in per-
cussive boring is to attach them to the shorter arm of a lever (Fig. 14),
the longer end of which receives an np-and-down motion ; as previously
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mentioned, the rods are suspended by a swivel, and are turned by the
bore-master after each blow. Where manual labour is employed two
or more smooth cross-bars are attached to the longer arm of the lever,
80 that more men are able to work at it. With cross-pieces 8 fuet
long, six men can work on each side. For deep holes manual labour
is quite out of place, and the long end of the lever is depressed at
intervals, either by large teeth on a revolving wheel driven by steam,
-or, preferably, by directly connecting it with the piston-rod of a
cylinder.

g A

1

Y

Fig. 12. Fig. 13. Fig. 1s.

(f) Spring Pole.—In our coal districts the vibratory movement is
often given to the rods by the use of the spring bar, which consists of
a wooden pole having one end fixed to the ground, a fulecrum placed
further on, and the rods attached to the other end. The blow is
struck by depressing the beam, the rods being raised by the elasticity
of it. The lengths of the parts on each side of fulcrum are usually
1:30r 5. Forshallow holes the axis may be fixed, but for deeper
ones it must be movable. An elaboration of this method consists in
the employment of two spring poles. The first is from 6o to 70 feet
long, fastened at one end (Fig. 15), and at 4 of its length from the
fixed point it rests on an upright. To the other end are fixed two
cross-bars which the workmen press down on to a second spring pole,
thus producing a dancing movement. Between the upright and the
cross beams is attached a hook, from which the boring tools are hung
in the usual manner.

(g9) Frames.—In order to enable the rods to be raised perpendicu-
larly, a frame of three shear legs is erected at the surface, to which a
pulley is attached at the top, one of the shear legs having steps on it
so that this may be easily reached. For shallow holes a windlass
supplies motive power, but in larger holes a steam engine and drum is
employed. To save labour in unscrewing the rods, it is advisable that
the frame should be made as high as possible, so that a long length
of rods may be raised at a time. This is done in the following
manner :—The stops (», Fig. 11) are opened, and a hook (Figs. 16 and

17) at the end of the rope is placed beneath a joint in the rods, these
2
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being then detached from the end of the lever. The rope is then
hoisted up until the limit in height is reached, when the stops are
closed beneath the nearest joint, and the rods above that joint un-
screwed and removed. This operation is repeated
until all are withdrawn. The sludger is then
lowered, either by the same rope, or, if the boring
is a large one, by a second one passing over
another pulley lower down the frame. After
clearing out the débris the rods are replaced by
a reversal of these operations. One point must
be specially noted: the rods when not in use

Figs. 16 and 17.  should never be stood on end, but always sus-

pended.

Devices employed to meet Difficulties of Deep Boring.—
As the depth of holes increases a large number of difficulties arise, the
greatest one being the weight of the rods themselves. Rods 1 inch
square weigh about 1 ton for every 200 yards. In deep holes not
only does this great weight injure the screw joints, alter the structure
of the iron, and break the tool which receives the blow, but it sets up
excessive vibration in the rods, injures the sides of the hole, and
accumulates a mass of broken material above the tool which often
leads to rupture when an attempt is made to withdraw it. To over-
come these disadvantages several methods are employed.

(a) Lighter Rods.—Hollow iron rods were first suggested, the
weight of these for the same strength as solid ones being in the ratio
of 1 to 1:35. They were, however, found to be too expensive.
‘Wooden rods were then introduced. They possess certain advantages
over iron, as not only are they specifically lighter, but, when the bore-
hole contains water, as their size is also greater, a larger volume of
water is displaced. They also fit the hole tightly, and do not rattle
about from side to side like iron ones. When a rupture occurs with
iron rods, the large weight dropping down causes other breakages and
the bending of rods in the hole, often rendering it a most difficult
matter to get them out. On the other hand, when a breakdown
occurs with wooden rods, there is generally only one fracture. The
great objection, however, to their employment is the large diameter
of hole required, owing to the necessity of using rods 2 to 3 inches
square for shallow depths. For larger and deeper holes this objection
is removed, and such rods have been largely employed in Canada and
on the Continent.

(b) Freefalling Cutters.—The greatest advance made in percussive
boring, was undoubtedly the introduction of what are known as
“free-falling cutters.” By their use, vibration and shocks in main
rods are practically avoided, the only portion of the apparatus that is
really let fall being the boring tool itself, and as much of the apparatus
as is necessary to give weight to the blow.

The tool designed by Kind has been largely employed. It consists
of two fangs or pincers (a, @', Fig. 18), working about centres b, b'.
These fangs are enclosed at their upper extremity by a collar ¢, con-
nected to a circular disc of leather d, through a rod e; at their lower
end they grip, during certain stages of the operation, that part, f, of
the rods to which the tool is attached. As shown in the illustration,
the rods are making their upward stroke, and the pressure of water in
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the bore-hole depresses the leather disc, pushes the collar ¢ down on
the tangs, and causes them to retain their hold of the lower part of
the rods ourrying the tool. When the limit of the up stroke is
reached, a sudden change of motion takes place in the opposite
direction, causing the pressure of water on the underside of disc d to
lift the collar, thus opening the fangs. The tool and lower rods fall
quickly and deliver their blow, while
the long length of upper rods follow
at a slower speed. When this has
descended to the proper point, a
slight upward motion, producing
pressure on the upper side of the
leather disc, causes it to descend
with the 1od ¢ and collar ¢, and so
-close the fangs.

The above apparatus reduced in
a marked manner the breakages of
tools and rods, and consequently the
.cost of boring. It is, however, in-
applicable in dry and narrow holes,
is somewhat complicated, and causes
the water to form streams, whilst

-the slime from the hole collects on
the disc, and prevents it from acting.

Numerous other complicated ap-

‘pliances have been used from time
to time, but pzactically have all
given way to the sliding joint in-
vented by (Eynhausen. As before,
‘the rods are divided into two
lengths, but a sliding joint forms
the connection between them. The Figs. 18, 19, 20,
two lengthsa and b (Figs. rg and 20)
.are raised together and also fall together, until the lower part b, to
which the tool is attached, strikes on the bottom of the hole, when
‘its motion is arrested. The upper part, however, continues its down-
ward movement (the collar sliding over the stationary lower rods),
-and is gradually brought to rest within the limit of length of the
slide by an elastic stop placed beneath the rocking lever at the
surface. By this means, the shocks received by the tool and lower
-rods do not reach the upper part.

Mr. W. Wolski* is of opinion that the consideration of the proper
length of the stroke of boring rods has been neglected as it has a great
effect on the boring. After considering the matter in its several
‘bearings he draws the conclusion that the efficiency of boring increases
as the square root of the length of the stroke (the maximum limit is
fixed at 6} feet), but lighter blows may be used with soft rock, and
some clays cannot be treated otherwise. In all other cases, especially
with bard rock, the heaviest blows and the test length of stroke
are essential. A short thick rod is preferable to a long thin rod of
the same weight.

=k
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* Fed. Ina., xiil., 646,
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Obtaining Cores.—It is of the greatest importance that satisfac-
tory samples of the strata cut through should be obtained. With the
tools already described, everything is chopped to small pieces, and it
is necessary to examine the contents of the sludger very closely, to
determine what material the hole is passing through. In order to
obtain more definite results with percussive boring, a tool is put down
consisting of four or five chisels, arranged round a cylinder (Fig. 21),
which cuts away an annular space, leaving a central core. A second
tool is then lowered down to the bottom of the hole, and a cutting
tooth at the base is pressed inwards by means of a spring. This tool
is revolved several times, until the greater part of the foundation of
the core is cut away, and then by a sharp jerk the whole is detached,
and brought carefully to the surface.

£

Fig. 21. Fig. 22.

Special Methods of Boring.—The greatest change which has:
taken place in percussive boring is that due to suspending the tools.
by a rope, in place of the rigid bar. To the Chinese belongs the
credit of first employing this means. The shank of the tool consists
of a heavy cylinder of iron attached to a rope of bamboo fibres, the
torsion of which is sufficient to rotate the tool after each blow.
Motion is communicated at the surface by means of & spring pole.

(a) Mather and Platt's System.—In this method,* the tool is
suspended from a flat hempen rope, but the system differs from all
others in the measures employed for rotating the tool, and giving it
the necessary percussive action. The rope to which the tool is
attachod (a, Fig. 22) passes over a pulley b, over the hole,and thence -
is directed by a guide pulley ¢ to the drum of a winding engine
worked by steam power. This rope can be clamped at an intermediate

oint by means ot the clutch d. The up and down motion is obtained
Ey connecting the pulley b to the piston-rod of a small vertical
cylinder e. As the rope is clamped on one side at the point . when
the piston moves upwards it carries the tool and rope hanging in the-

* ¢ Well Boring.” F. Mather, Proc. Inst. Mec. Eng., 1869, 278.
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hole with it, and allows it to fall on the return stroke. As the hole
deepens, the rope on the drum is gradually let out. A self-acting
valve motion, worked by tappets moved by the piston-rod, is
employed, and the length of stroke can be varied by altering the
position of the tappets. Before the valves can be opened, it is
necessary that the piston-rod should move ; a small quantity of steam
is therefore kept continually blowing on to the underside of the
piston, through the small port f. As the exhaust port is situated a
little higher up the cylinder, this really serves an additional purpose,
as it interposes a cushion of steam between the piston and bottom of
cylinder, preventing any chance of the latter receiving a blow on the
return stroke.

The boring head (Fig. 23) consists of an iron bar about 8 feet
long, having a cast-iron boss a at the bottom, into which the cutting
tools are secured with taper shanks b, so as to be firm in working, but
easily taken out for sharpening. Two guides are employed to keep
the tool perpendicular ; one, ¢, being a plain cylinder, the other, d,
having ribs of saw-tooth form arranged round its circumference.
These ribs have a long pitch, and as they bear against the sides of the
bore-hole assist in turning the tool. Each alternate plate has the ribs
inclined in opposite directions, so that one-half are acting to turn the
bar in rising, and the other half to turn it in the same direction in
falling. The definite rotation of the tool is effected by keying two
cast-iron collars, ¢ and f, on to the bar, about 12 inches apart. The
top side of the lower collar, and the bottom side of the upper collar,
have deep ratchet teeth cut on them. Intermediate between these
two, and sliding freely on the bar, is a third collar g, having ratchet
teeth cut on both its faces, but those on the upper side are set half
a tooth in advance of those on the lower side. A wrought-iron hoop
is attached to this third collar, through which the bore-head is
attached to the hook and shackle shown in Fig. 22. When the tool
is dropped and the blow delivered, the teeth of the collar g fall on to
those of the bottom collar ¢, and, through the teeth not being
opposite each other, receive half a twist backwards ; on commencing
to lift again, immediately g engages with /; a further twist backwards
of half a tooth takes place, so that the flat rope is actually twisted
through the space of one tooth. As soon as the lift takes place it
untwists itself, and 8o rotates the tool.

The sludger is furnished with a clack at the bottom, and inside is
fitted a bucket having an indiarubber valve on the top side.

The boring head can be lowered at a speed of 500 feet per minute,
and raised at the rate of 300 feet per minute. The percussive action
gives 24 blows per minute, and if this rate be continued in New Red
S8andstone, or similar strata, about 6 inches will be drilled in ten
minutes, when it becomes necessary to send down the sludger, which
is effected at the same speed as the tool, but it only remains down
about two minutes.

(b) Raky Boring Apparatus.®*—The rods consist of Mannesmann
steel tubes, 2 inches diameter, in 16 feet lengths, which are connected
together by loose collars and screw threads. The chief peculiarity
consists in the method of mounting the walking beam, which is sup-
ported on a bearing resting on a cross-beam, between which and a

* Coll. Guard., Ixxvii , 60.
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second cross-beam, also mounted on a frame, are arranged from 30 to
40 strong steel spiral springs, thus rendering the bearing elastic, and
counteracting the disadvantage of rigid boring rods.

The rods are attached to the walking beam by a conical turned
gland provided with a clamp and screws for fixing the rod in any
position. Above this clamp 1s a second one, which rests on the first
by wmeans of 4 studs or pins projecting $ inch and pushed outwards by
spiral springs situated in the inside. At the outset the rods are so
arranged that the boring bit does not quite touch the bottom of the
hole, but when the walking beam begins to vibrate the recoil increases
with the speed through the action of the springs, and when a speed of
from 8o to 100 strokes per minute is reached, the bit strikes against
the rock every time. The contact between the bit and the rock is
very short, the recoil of the former being very rapid.

‘The following advantages are said to be obtained :—Quicker speed,
large number of strokes per minute, absence of complications in the
apparatus, no “jars” or sliding joints.

(¢) American System.—The development of the oil industry in the
United States required rapid boring, and considerable improvements
under this head have been effected. The whole operation has been
elaborately described by Mr. J. F. Carll.* The success of the opera-

tion seems to be due more to the perfection of small
details than to any startling novelty. The first thing
done is to erect shear legs and fix the wooden conductor
box previously described, this being set truly perpen-
dicular, and carried down a few inches into the bed rock
to fasten it securely. Should the bed rock lie at a con-
siderable depth beneath the surface, the wooden con-
ductor is replaced by a wrought-iron stand pipe, which
is carried down by the method already alluded to. The
engine furnishing power is regulated and controlled
from the boring stage. The tools are attached to a
rope, and an instrument called a ‘ temper screw”
(a, Fig. 24) connects the rope to the lever through the
“stirrup” . The lever receives an oscillating move-
ment from a connecting-rod and crank turned by the
band wheel. The length of stroke can be varied by
adjusting a collar-pin in any one of several holes placed
in the crank at different distances from the centre
of its shaft. Separate drums are provided both for

Fig 24. winding out the drilling rope and the sludger, these

being driven by gearing thrown in and out by
clutches. The effective cutting blow of the tools is given by
the weight of the chisel, the auger stem, and the lower link of the
“jars.” The jars is a modification of (Eynhausen’s slide, arranged in
such a manner that the auger stem and bit are given a decided jar on
the up stroke, so that the bit is loosened in case it has a tendency to
wedge fast in the hole. As the tools rise and fall with the rocking
lever, they are constantly rotated by hand by a short lever inserted in
the rings of the temper screw, and as the hole deepens and the screw
of the stirrup reaches its limit, the clamps (c) of the temper sorew are
slacked, and a short length of rope payed out.

* Second Geo. Survey of Pennsylvania, Report I,
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The withdrawing of tools is carried out by first taking up all the
slack rope, then loosing the clamps, throwing the connecting-rod out
of gear with the band wheel, and lifting up the lever out of the way.
The tools are then run up, but are stopped when the bit reaches the
level of boring-floor, where it is loosened by Iarge wrenches. The
tools are then lifted up clear of the hole, and the rope disconnected
from the steam engine, the bit being removed and replaced by a sharp
one. While this has been going on, the sand pump, or sludger, has
been run up and down once or twice by the friction gear, &c., already
described.

The fivst 60 feet cannot be drilled in the ordinary way just described.
this being done by tks method called ““spudding.” The auger stem
and bit are attached by the rope socket to a short piece of cable (150
to 160 feet long), the other end being passed over the pulley at the
top of the frame, round another wheel, and then a few turns taken
round one of the drum shafts. The engine is started, and one of the
drillers takes his stand near the drum with the loose end of the cable
in his hands. A slight pull on this tightens the loose coils on the
drum shaft, which is rapidly revolving ; the tools are raised, the rope
is immediately slackened, and the tools drop in the hole; another
slight pull is given, and so on uutil sufficient depth is attained to
enable the drillers to replace this motion by that of the rocking lever.

This method has been introduced into England, and was used in
September 1886 for boring for salt in the neighbourhood of Middles-
brough. Mr. J. Daglish* stated that it proved exceedingly satis-
factory, the progress having been remarkably rapid. An average rate
of progress of 63 feet per day was attained, with & maximum of 5 feet
per hour.

(:3 Canadian System.—Similar in all respects to the American
procedure, except in the employment of light ash rods instead of rope
for imparting motion to the boring tools. The depth of the holes put
down rarely exceeds soo feet, and, as the ground is very easy for
drilling, as much as 100 feet can be sunk in a day. With deeper wels
the advantage of speed belongs to the rope system, because the time
occupied in screwing and unscrewing the rods is considerable. To
exemplify this Mr. R. Nelson Boydt gives the following record of the
time taken in drawing and letting down the rods at a well then 1542
feet deep :—

Drawing up therods,. . . . « 25 minutes.
Lowering sand pump by means of rods, . 14
Drawing up sand pump, . . . . 24 4
Changing the chisel, . . . . 3 »
Letting down the chisel, . . 14 .,
Connecting the beam, . . S 4

Total, . . 8—5 ”

He had observed the same operation performed in Pennsylvania
with a rope, at a depth of 1600 feet, in about 20 minutes.
(¢) Davis Calyx Drill.}—The cutter consists of a cylindrical metallic
shell formed on its lower end by a process of gulleting into a series of
® « Presidential Address,” N.K.I., xxxv., 22§.

+ Coll. Guard., 1xvii., 897, May 11th, 1894.
% Fed. Inst., xv., 363.
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long sharp teeth (Fig. 25). The front of each tooth 18 perpendicular
at the base to the rock to be operated upon, while the back of the
tooth rises from the same line at an angle of 60°. These teeth are
set in and out alternately, those having an outer set drill the hole
large enough to allow the apparatus to descend freely, while the
inward set dress down the core to such a diameter as allows the body
of the cutter to pass freely over without it binding.

The other details of the apparatus, and the method

of operating it, are similar to the diamond boring

process, indeed, if the serrated cutter replaces the

diamond crown of Fig. 28, this illustration will

then represent the complete tool of the Davis

system, the upper portion dd’ being the calyx or

collecting chamber, which, however, in this system

is made considerably longer than the sediment col-

Fig. 25. lecting cup of the diamond boring tool

In working, a continuous stream of water is forced

down the drill rods, which, at the same time, are caused to be slowly
rotated and forced downwards, compelling the teeth to take a powerful
grip ofthe rock. The cutter does not act immediately the drill rods are
revolved at the surface ; on the contrary, the rods have to be twisted
considerably before they accumulate sufficient energy to overcome the
bite of the teeth into the rock, but the moment the surface strain exceeds
the resistance below, small fragments of rock are hurled from before
the cutter, which jerks forward and downward round the groove until

momentarily arrested by the opposition of a renewed bite into the
rock. The fragments of rock broken off are carried up around the
outside of the boring tube aud settle in the inside of the calyx.
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This tool can only bore through rocks softer than steel, but in
special plants the Davis bit can be replaced by the diamond crown.
A 1400-feet hole has been put down in Kent; at that stage the
diameter was 10 inches. The best day’s work was in boring from
450 to 551 feet, which was done in 1o hours.

In hard rock the toothed crowns are replaced by another form
which, running on chilled shot under a specific speed and pressure,
cuts faster. The shot bit is a hollow tube of soft steel varying in
length according to the size of hole to be bored ; a triangular notch
is cut in the lower edge of the bit. The shot are of chilled steel, about
& inch in diameter, sufficiently hard to scratch glass. They are fed
through the hollow drill rods, and on reaching the bit attempt to pass
with the water through the triangular opening, but some are wedged
there, and the rock is ground away by a rolling action of the shot
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under the pressure of the rapidly rotating bit. The proper quantity
of shot to use can only be determined by experience, since if there are
too many they grind on one another instead of acting on the rock,

(f) Diamond Boring.—-In this system the tool receives a rapid
rotary motion instead of a percussive one. The method consists in
placing a series of small diamonds around the lower edge of an annular
tube (Figs. 26 and 27) called the “crown.” This part is composed of
soft wrought iron, in which inferior diamonds are bedded, the edges
of the holes being knocked down to keep the stones in position.
The crown haz a series of vertical grooves (aa, Fig. 27) round its
circumference to allow water to pass from the centre outwards, and it
is made slightly larger in diameter than the main boring-piece, so that
the latter can revolve freely in the hole. The main boring-piece con-
sists of a wrought-iron cylinder (Fig. 28) in two pieces, the upper
one being open at the top. In the centre of this cylinder
is placed a horizontal disc of metal, @, which divides it into 5
two portions, and also serves as a connection to which
wrought-iron pipes, b, are screwed. These pipes are carried
to the surface, and are connected by mitre gearing to a
steam engine, this giving the rotary motion to the tool.
A stream of water under pressure is brought down the
ocentre of these pipes, passes into the lower chamber, ¢, on
to the bottom of the hole, and escapes by the side of the
crown through the waterways. So long as the water is
circulating, the débris is carried away upwards, but, as
soon as the pressure is taken off, the slime would fall
between the sides of the bore-hole and cylinder and jam
it. This is the object of making the top piece open. The
frlling débris settles in the space d d' (}ig. 28) around the
water delivery pipes.

The cylindrical core produced is thus removed:—A ]
circular spli¢ band of iron with vertical ribs is placed
inside the lower portion of the boring tool immediately c
above the crown (Fig. 26), the surface on which it slides
being an inverted cone. In boring, the core readily slips
upwards through the split ring, but when the boring tool
is raised the core gradually forces the split ring on to the #&—38
smaller diameter of the cone until the pressure is sufficient  Fig. 28.
to cause the core to break off and be lifted.

In the modern improved practice separate machinery is provided
for pumping and rotating and raising the rods, thus dividing and
minimising the risk of breakages. The drill is usually fed forward by
the pressure exerted by the weight of the rods, part of which is counter-
balanced, or by the hydraulic feed of the Sullivan Prospecting Co.,
which operates as follows:—a (Fig. 29) is the hydraulic cylinder
with its piston b, and hollow piston-rod ¢. Connection to the
force pump is made at the tee d, and to the exhaust at ¢. The
inlet valves are numbered 1 and 2 and the outlet ones 3 and 4.
When 1 and 3 are open and 2 and 4 closed the piston moves down-
wards, but when 2 and 4 are open and 1 and 3 closed the motion
takes place in an upward direction. To the upper end of the piston-
rod is screwed the thrust plate £, through which pass three stud pins
(not shown in illustration) screwed into another thrust plate g.
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Between these are two sets of ball bearings, one set on each side of
the collar A, which is fixed to the drive rod i. To the opposite end of
this drive-rod is secured by means of an ordinary chuck the wrought-
iron pipes to which the drilling cylinder (Fig. 28) is attached, so that
the collar & transmits the vertical motion of the hydraulic piston to
the drilling crown.

The advantages of the hydraulic feed are—economy of time, saving
of diamonds, and accuracy and safety in operation. The amount of
water admitted to, or released from, the hydraulic cylinder can be
varied to any degree by simply adjusting the inlet and outlet valves,
and as the feed depends entirely on that amount it follows that it can
be adjusted to the greatest nicety. The hydraulic feed allows the drill
to run with slightly slower speed on suddenly
entering hard rock, when the attendant can at
once give the amount of feed the machine will
take without injury to the diamonds. As the
water escaping from below the feed piston is
throttled by the outlet valves while feeding
down, and led up above the level of the bottom
of the piston, it follows that the water cannot
escape from the bottom of the cylinder faster
than it enters at the top. Hence the lower part
of the cylinder is always full of water, and in case
a cavity is struck tbe weight of the drill rods
hanging on the piston is supported by this Lody
of water, which is incompressible, and entirely
prevents the dropping of the rods. Hence the
hydraulic feed continues downwards as regu-

Fig. 29. larll{ in the cavities as in drilling through hard
rock.

An important detail of this hydraulic drill is the friction bearing
(b, Fig. 29); one set of balls sustains the weight of the rods as they
hang in the drill chuck, the other set sustain the upward thrust of the
rods in drilling. This device reduces to a minimum the amount of
work lost in friction, leaving the whole power of the engines to be
devoted to drilling.

The great advantage and superiority of the diamond boring system
is the perfect cores obtained from rocks ot moderate hardness, which
enable an accurate section of the rocks passed through to be easily
constructed. In ordinary soft measures (such as coal), owing to the
rotary and vibratory action of the bore tube breaking off the core,
which falls to the bottom of the hole and becomes ground into mud,
the indications afforded by this method in such ground are scarcely
better than the slime and débris removed by sludgers in ordinary
boring. The breakage of the core has lately been obviated to a
considerable extent by the boring of /arger holes, the larger amount of
core inside the crown being better able to stand shocks than the
smaller ones of the earlier borings.

A further improvement, by means of which the amount of core
extracted has been considerably increased when boring through coal
and soft rocks, is described by Mr. James Barrow,* the boring tool
being so constructed that a core of the strata can be drawn up intact

* So. Wales Inst., xii., 42.
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This is accomplished by the use of an internal stationary core tube
rivetted to the socket of an ordinary boring tube, an annular space
being provided between these two parts for the passage of water. The
crown on the boring tube is stepped to facilitate the cutting of the
core, and as the boring tube revolves the crown penetrates through
the strata and the core enters the inner or_stationary tube, which,
when the bore rods are raised, is lifted with them and extracted.
‘When in operation a constant stream of water is passed down the
annular space between the exterior of the core tube and the interior
of the boring tube.

This modified tube was employed at Villefranche (Allier) in 1876,
and Mr. Baure* states that the success has been complete, as the
greater portion of the cores were extracted in an unbroken condition.
Not only did they obtain a complete section of the rocks passed
through, but they reduced the breakage and grinding of cores at the
bottom of the hole, which so materially increases the power required
for turning the tool and augments the amount of débris to be
removed.

The modified crown was put to work on 12th Oct., 1876, when
the boring had reached 16847 feet from the surface, and by the 5th
of January, 1877, 7457 feet had been bored, making the total depth
from the surface 2430°3 feet. The length of core extracted was
724°18 feet, or 97°1 per cent., while with the original form of crown
only 399 per cent. had been obtained. During the months of
October and November, 1876, 462'3 feet was bored (from 16097 to
2072'0 feet) at an average rate of 11-887 feet per working day,
operations being suspended part of this time while negotiations
were being entered into for proceeding deeper with the bore-hole.

For very soft ground the diamond drill is quite useless, and if a
hole is proceeding on that system, and such ground is encountered,
the crown is removed, and percussive boring tools employed.

Accidents in Boring.—If it were not for accidents boring would
be a comparatively easy, cheap, and rapid operation. It is in this

Tir;:le lgfﬁ::g'ied Depth Bored. St?:ng%'a. Cause of Stoppages.
Days. Feet. Days. - i
12 23 28 Broken shaft of drilling machine.
104 392 5 Tools jammed in hole by fall of
ground.
14 72 33 ) T
16 102 7 Dra\;ving out bottom, iimng tubes,
and re-boring hole to get tubes
lower down.
14 212 7 " ”»
30 304 9 (1) ”
4 19 16 " ”
13 129 8 " ”
4 19 1 ” ”»
28 221 5 Boring rods broke,
245 1493 180

* Soc. Ird. Min., 2¢ S&ie, xiv., 25.
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division that the skill, patience, and knowledge of the bore-master is
put to the test. A forcible illustration is afforded by the above
particulars of a bore-hole on the diamond system, carried out under
the author’s observation.

As the period of 245 days included 32 Sundays, the actual rate of
progress per working day was 7 feet, but when stoppages are included
only 3'5 feet, a reduction of 50 per cent. The top part of the hole
ran very badly, and three sets of lining tubes were put in between
the surface and a depth of 273 feet. Indeed most of the stoppages
were due to this cause, and finally, owing to the dirt running in, the
boring tools broke during withdrawal. Attempts were made to draw
the lower lining tubes, and a series of breakages followed. The most
serious mishap was occasioned by a piece of the broken lining tube
getting cross-bound in the hole at a depth of about 1150 feet, and
resisting all efforts to withdraw it for a period of 238 days. Attempts
were then made to re-bore the hole by the side of this obstruction,
but after going down some 4o feet the tools became jammed, and
broke again and again. Finally, after a total period of 364 days had
been spent in endeavouring to recover the hole, a longer time than
actual boring operations were in operation, a diverting piece was
successfully inserted at the point of obstruction, and the re-boring of
the hole continued by the side of the original line at an inclination
of about 1 in 75. In this way, at the end of a farther period of
84 days, the original depth was reached, so that the total stoppage
amounted to 448 days. After 266 feet had been bored in the follow-
ing 56 days, the “crown” again broke off and was not recovered
for 49 days. The hole was then recommenced and deepened 32 feet
in 17 days, when the sides ran badly and choked up the bottom with
dirt. This débris took 18 days to clear out, and then the hole was
bored a further distance of 3 feet, making the total from the surface
1794 feet. Here the core tubes broke, and 6o feet or more stuck in
the hole. Attempts were made to get them out for 20 days, when
the hole was finally abandoned.

Thus, from the date of the serious smash at the depth of 1493 feet,
the total time occupied was distributed as follows :—

364 days attempting to recover ‘crown,” &c.,
84 ,, re-boring by side of diverting piece,
56 ,, effective boring for a distance of 266 fect,
49 ,, recovering tools broken in hole,
17 ,, boring 32 feet deep,
18 ,, cleaning dirt out of lower part of hole,
1 ,, boring 3 feet,
20 ,, attempting to recover broken rods, &c.,

or, in other words, 301 feet were bored in 609 days! Only 12 per
cent. of this time was spent in actual boring from the bottom of
the original hole, the remaining 88 per cent. being occupied with
breakages. This is, of course, a most exceptional experience, and was
undoubtedly due to decreasing the size of the bore-hole too rapidly.
At the bottom, the “crown” was only 2} inches diameter, and,
although operations ended so disastrously, one cannot help admiring
the patience, skill, and ingenuity displayed in attempting to recover
such a comparatively small article which had to be grasped at the end
of a tube nearly 600 yards away.
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The accidents themselves, and the tools employed during such
accidents, are 8o numerous and complicated, that a full description
would be quite out of place here, and, indeed, impossible to give
within the limits of the book.

(a) Accidents arising from the Boring ZTools themselves.—The
constant vibrations and shocks to which the rods are subjected tends
to rapid deterioration of the iron, and frequent breakages follow.
Often the workmen do not screw the rods properly together, or
negligently allow them ‘to drop down into the bottom of the hole
during the progress of unscrewing. To lift up the broken part of the
rods a tool called the “crow’s foot” (Fig. 30) is employed; it is slipped
down the hole, and twisted round until the hooked part catches
the rods.

If, however, the fracture had taken place some distance above a
joint, when the rods were raised the top part would catch the side of
the bore-hole, as the crow’s foot itself only grips at a joint. In such
cases an instrument called a “bell” is let down. In one form this is
a bell-shaped tool (Fig. 314), with a screw cut on its inside. It is

£

Figs. 30 and 31. Fig. 32. Fig. 33. Fig 34.

dropped down on to the broken rod, and cuts a screw thread on it.
All screwing tools for removing broken rods are cut with their threads
running in the opposite direction to those on the boring tools, so as
not to disconnect the joints of either the rods to which they are
attached, or those that are broken in the hole.

If a piece breaks off the chisel, or any small tool or other hard
obstruction drops in the bore-hole, an attempt is made to extract it
with an implement resembling a double corkscrew, called a “wad-
hook ” (Fig. 32). This is generally successful, but if all attempts to
dislodge the obstruction fail, then the only alternative is to chop it to
pieces, Mr. Mather, in the paper already referred to, states that it
bad been found necessary to remove both the heavy boring head and
sludger employed in his system of boring by such means. Powerful
magnets have also been used with success.

In case of a fracture in the rods (tubes) of the diamond systein, an
ordinary screw tap is let down and a thread cut inside the broken
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pipe ; in large bore-holes, where the diameter of the hole is large com-
pared with that of the tube, a crooked piece of iron (@, Fig. 33) is
placed at the lower extremity of the tap, this guiding that piece into
the tube in case it should be leaning against the side of the hole.

(b) Accidents arising out of the Nature of the Ground.—TUnless the
strata passed through are of considerable hardness, the constant jarring
of the rods, and washing action of the water, soon causes the sides to
crumble and fall in over the tool. A very soft bed at any point is a
source of considerable danger. In order to prevent serious accidents
it becomes necessary to line or case the sides of the bore-hole.

Lining.—This is done by forcing down wrought-iron tubes in
lengths of from 10 to 12 feet, the connections between each length
being made ‘““flush”; that is to say, there are not any projecting
points. The lower tube is provided with a steel cutting edge
{a, Fig. 34).

For small holes the tubes are driven down by dropping a heavy
block on them, about 20 to 30 blows a minute being given. A
superior method to this is to use two amall jacks, which exert pressure
equally and gradually, and avoid shocks and risks of bending.

For larger and deeper holes hydraulic presses are employed, having
a stroke sufficient to force down one length of tube at a time. A
strong framing is built over the hole, and beneath this the presses are
gecured. Both the hydraulic rams and tubes are carefully guided in
a truly vertical direction.

Means of Widening Holes.—When a hole is cased, and boring
has to proceed further, it is obvious that the diameter of the hole
must be reduced, as the tool has now to pass through the tubes. In
order to prevent this, before inserting the first length, the hole is
slightly enlarged by a tool called a “reamer,” which is very similar
to the “ bell,” except that it is provided with a cutting edge round its
circumference. In diamond boring, the reamer consists of a guide
the size of the drilled hole, and a face above it, in which diamonds
are set, and which cuts away the sides of the hole above the guide.

After the sides have been cased, and boring resumed, it frequently
happens that additional casing is required at some point lower down;
then either narrow tubes must be sunk through the first set, to reach
the dangerous part, or the old casing is removed by one of the
methods described below, and the hole re-bored large enough to take
in the original size of tubes. As a rule, the latter method is not
adopted, except when the bore-hole has become so narrow by repeated
linings that the first method cannot be employed.

A tool, introduced by the Diamond Boring Company, and described
by Mr. James Barrow,* consists of an undercutting or expanding
crown, a simple arrangement set with diamonds, which is lowered
down through the lining tubes, and expanded directly it gets beneath
them. In revolving, it cuts away and enlarges the sides of the bore-
hole, after each 10, 20, or 30 feet had been bhored in advance with
the ordinary crown. After this the lining tubes are lowered to the
bottom, and boring resumed in the ordinary way. With such a tool,
and the use of hydraulic presses, 8oo lineal feet of wrought-iron lining
tubes, weighing about 50 tons, have been forced down a bore-hole in
one continuous length.

* So. Wales Inst., xi., 318.
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A tool of similar construction was employed at a boring in Sydney
Havbour.® It consisted of a pair of mild steel levers hung scissors
fashion in a steel tube. On their upper ends, rested a loose inetal
disc which could be depressed by about an inch by water pressure
from the circulating pump, when the lower ends of the levers were
swung outwards through two slots in the steel tube. Cutting
diamonds were set on the extreme edges of the levers. When the
reamer is being lowered down the bore the levers hang inside the
tube, but when the tool has reached the desired position, the pump
is started and the steel disc depressed. As long as the cutting is
downwurd, the reamer is kept to its work by the weight of the bore-
rods. On raising the borerods, the projecting levers are forced
within the tube immediately they strike the first obstruction.

Withdrawal of Casing.—Either when the hole is finished and
abandoned, or when inserting tubes of greater diameter, the lining
has to be removed. Where the friction is not great, Kind's plug
(Fig. 35) can be used. This consists of an oval ball of wuod slightly
less in diameter than the inside of the tube. It is lowered down on
the rods, and a few handfuls of sand or gravel thrown on the top.
This causes it to bite, when the tubes can be lifted out.

A

Fig. 35. Fig. 36. Fig 37. Fig. 38.

Should the friction be too great to allow the casing to be removed
in one length, it is cut through by the tool shown in Fig. 36." This is
provided with a sharp cutting point a, pressed against the sides of
the tubes by a strong spring 5. On reaching the point where the
severance is to be made, the tool is revolved round and round until
the lining is cut through, when the upper portion can either be
removed by Kind's plug, or by a similar class of tool (Fig. 37)
having two spring sides a @', which are pressed inside the shank b so
long as lowering is taking place, but which spring out and catch
beneath the lining, immediately the place cut through is reached.
These clips cannot be forced aside in the upward passage, and so the
casing is withdrawn.

* Fed. Inst., v., 386.
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Tecklenburg * describes a tool which obtains the necessary grip by
cutting a sorew thread on the inside of the casing tubes. It consists
of three eccentric discs of steel mounted on the lower end of a rod
(a, Fig. 38). The upper disc b fits on a square shank below a project-
ing collar, the middle disc ¢ is mounted on a cylindrical part, and
the lowest one, d, is screwed on the end of the rod. The holes in the
three discs are eccentric, and their outer circumferences are provided
with sharp-edged screw threads. The three discs touch each other,
and whilst the top and bottom ones are firmly attached to the rod, the
central disc is mounted loose and can turn round the smooth portion
of the rod. When the tool is introduced into the casing, the discs
are so arranged that the largest radii of all three come in the same
vertical plane, and since their diameter is less than that of the
casing, they enter # with ease. ='When the tool arrives at the
desired spot, a twist is imparted to it, and, as a consequence, the
screw threads of the middle disc catch against the inner walls of the
casing. Being eccentric this disc is forced out a short distance from
the other two. A slight increase in the amount of twist causes
the sharp edges of all three discs to bite into the casing sufficiently
to enable the whole to be drawn out of the bore-hole by the rod.
To loosen the fishing tool again, all that is necessary is to reverse
the twist and free the discs by shaking.

Record of Boring.—Exact records should be kept of the work
done each day, the strata bored through, and its thickness. Each
sludger full of material should be carefully examined, samples taken
and kept for reference (preferably in small wooden boxes) and labelled.
The label should note place, date, depth, sort of material, and any
remarks necessary. Never trust to memory. Neglect of these pre-
cautions has caused large money losses.

Cost of Boring.—This depertis mainly on the depth to which
the hole is carried. In most tenders the price per foot increases at
a certain figure for every stated increase in the depth, so that one
foot at the bottom of a hole may be more expensive than several feet
at the top. Hence the bore-hole is usually started from the bottom
of a shallow shaft, and the low rate then counted from the shaft
bottom, not from the surface, so that, by sinking the pit, a length
equal to its depth is cut off from the bottom of the bore-hole, which
would be at the highest rate. It is stated f that the bore-hole at
Sperenberg, 4170 feet deep, made with rigid rods and percussive
action, cost 41s. per foot; while an average of a series of 37 rope-
borings, with depths varying from 8o to 1300 feet, cost 41s. 3d. per
foot. Mr. T. J. Berwick | states that the first hole at Middlesbrough
bored by Mather & Platt’s system was 1200 feet deep, and cost about
£8 6s. 8d. per foot. It is nearly impossible to compare the several
systems, as the conditions may be quite different in each instance.
In ordinary strata, the Diamond Drilling Co. will contract to put
down a hole, commencing at the surface with a diameter of 9 inches
at a price of 15s. per foot for the first 500 feet, and from 500 to 1000
feet, 258. per foot, equal to 2os. per foot for 1000 feet ; the company
providing all labour and tackle (except lining tubes, should such be
required), fuel, carriage, and fares; but the employer has to provide,
gratis, on the site of the boring, about 10 to 12 gallons of water per

* Coll. Guard., 1898, 1xxvi., l?l?z:i. o8 +N.E. 1., xxx., 88.
<+ Ibd., xxx., 98.
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minute for engine and other purposes. This price would not vary
much even if the hole was of smaller diameter.

The following are some useful published American costs of diamond
drilling operations per foot:—r2 holes, 200 to 8co feet deep, total
5957 feet of boring, 9s.; 18 holes in N. Michigan, total 5046 feet of
boring, 98. 6d.; 7959 feet of boring, nearly all underground, cost 3s. 8d.
Generally the cost is less in mines at work than in purely prospective
operations, as all costs of superintendence, &c., are averaged down in
the former case.

Mr. H. M. Chance * states that the average cost of drilling a well
by the American rope system in the oil country in 1878 (including the
cost of the plant), for a 1500-feet hole, was £403, or a little over 6s.
per foot. As prices were at their lowest ebb then, this estimate should
be increased about 20 per cent. to make it available for comparison
with other methods in 1882 ; but as the plant would have some value
when the operations were concluded he states that the net cost of a
1500-feet prospecting hole (in 1882) would be £380, or about 5s. per
foot. At the same time, he points out that the cost of drilling holes
by this method in the anthracite regions will be very much greater
than that shown by the above figures, because the rocks are much
harder, and are inclined at considerable angles from the liorizontal.
Mr. Redmayne t states that the 8-inch bore-hole put down 1210 feet
by this system at Middlesbrough for salt cost 8s. per foot.

At a boring on the Canadian system in Austria,} the average
sinking amounted to 3 feet 104 inches per day, but for the 265} days
of actual work it was 7 feet 9 inches per day. These 2654 days were
employed as follows :—

Drilling, . . . 190 days 8% hours.
Using the sand pump, . . 42 ,, 2§ ,
Putting in casing, . . . . . 9 4, I .
Fishing up broken tools, . . . 8, 3% .,
Small repairs to engine and rig, . . 15 ,, 20} ,,

265 ,, 1z,

The actual drilling averaged 10 feet 6 inches for 24 hours, while the
greatest distance done in one day was 22 feet 4 inches, but the ground
was exceedingly unfavourable, consisting of 2000 feet of swelling and
adhesive clay. The cost amounted to over £z per foot, which
includes the cost of tools, casing, and machinery, less the amount
realised by their sale at the completion of the work. o
The deepest bore-hole in the world is at Paruschowitz in Silesia.§
It attained a depth of 65726 feet, while the Schladebach hole did not
exceed 5736, but as the surface level of the former was 324 feet higher
than the latter it only got nearer the centre of the earth by 345 feet.
The greatest difticulty was in the weight of the rods, which was
reduced to the lowest limit by employing Mannesmann seamless steel
tubes in place of iron; but even then at 6561 feet the total weight
was 13707 tons, and at this depth it took 10 hours to draw the rods,
and as long to lower them again. Breakages were common, indeed
one of them terminated the work. After the bore-hole had been put
down through drift, &c., by ordinary methods to a depth of 351 feet,

* Second Geo. Sur. Pennsylvania, Report 4.C., 39. ..
+ Bris. Soc. Min. Siude, 0y 102, % Coll, Guard., 1894, Lxvil., 898,
§ Oesterveichische Zeitschrift fiir Berg- und Hiittenwesen, 1895, xlms., 686.
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diamond drilling was commenced. When the diameter of the hole
was 2§ inches, and the diameter of the core brought up 1} inch,
4406 feet of rods fell to the bottom and became jammed in that
portion of the hole that was unlined, and so led to its abandonment.
Boring commenced on January 26, 1892, and on May 17, 1893, had
reached a depth of 65726 feet, the final 3-28 feet having taken over
3 months to finish. The actual boring occupied 399 working days,
with a daily advance of 16'4 feet. The total cost was £3760, or about
11°58. per foot, which compares very favourably with that of Schlade-
bach, where the cost was 37s. per foot.

Surveying Bore-holes.—The great difficulty in boring is to keep
the holes truly vertical, and, in spite of all efforts to the contrary,
crooked bores are common, especially where the beds are inclined.
No rules can be given ; the only thing to be done is to exercise the
greatest care. Unfortunately, bore-holes, by all the methods, are
liable to deviate from the perpendicular, the diamond drill, which
was assumed to always bore a perfectly straight hole, being no better
than any of the other systems. However, if an accurate survey be
made, a crooked hole gives just as valuable information as a straight
one.
In the method devised by Mr. E. F. Macgeorge,* clear glass phials
filled with a hot solution of gelatine, and each containing in suspension
a magnetic needle and a very delicate plumb-bob, are lowered into the
bore-hole and allowed to remain there until the gelatine sets, when
they are withdrawn, and by means of a special instrument the angles
of the compass and the plumb-bob are noted. Another suggestion t
is to lower into the bore-hole glass cylinders containing hydrofluoric
acid, which etches a line on the glass. Both these methods are
reviewed by Mr. B. H Brough,} who gives a full description of the
instruments employed and the way of using them.

The Uses of Bore-holes in Mines are many and valuable.
Every colliery ought to be provided with a set of tools, and men
instructed in their use.

(a) Tapping Water.—A provision of the Coal Mines Regulation Act,
1887, is to the effect that all roads approaching old workings, where
there are likely to be dangerous accumulations of water, should be
preceded with bore-holes. One bore-hole is usually kept straight
ahead for a distance of about 5 or 6 yards, and flank-holes, at an angle
of 45° with the centre line of road, are put out for a similar distance
on each side. The general practice with the leading hole is to bore in
a certain distance, and then remove part of the face, a further length
being then bored before any more ground is removed. In this way,
the distance from the face to the back of bore-hole is never less than
5 yards. Where water is expected, plugs should be kept in readiness
to drive in immediately it is released ; or if the pressure is likely to
be great, it is best to bore through a length of pipes fitted with a tap.

Such pipes and tap may be wedged in position in sevcral rough-
and-ready ways, but to minimise the risk of their being blown out
when the old workings contain water or gas under considerable pressure
an elaboration of the ordinary apparatus has been patented by Mr. J.

* Engineersng, xxxix., 260 (1885).
+ Trans!ation‘b?f C. Z. Bunning and .J. K. Guthrie, N.E.[I., xxix., 61.
3 Treatise on Mine Surveying, 8th 1'dition, 1900, 318.
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Cowey * (Fig. 39). A hole is first drilled for a few feet into the coal,
and a tube, @, inserted in it. The inner end of this tube is fitted with
an india-rubber sleeve, b, projecting slightly beyond the tube end and
prevented from slipping back by a collar, while the outer end of the
tube is provided with a flange which presses against a rubber ring, ¢,
on the edge of the bore-hole. The pipes outside the bore-hole are
screwed into this flange; d is a cross piece fitted with a pressure gauge,e,
and dip pipe closed by a valve, f, through which the débris, water, or
gas passes away. The thread of the feed screw 4 passes through a
gun-metal sleeve nut, ¢, tapped to receive it. This is attached to the
tubes through which the boring tools pass by a modification of the
ordinary bayonet joint, a front view of which is shown. The whole
apparatus is secured 10 a timber frame by two clamping plates, %,
which by means of bolts forces the tube a and its india-rubber sleeves
into close contact with the front and inner end of the hole.

Fig. 39.

Mr. G. Burnside  has also introduced an apparatus similar in most
of the details to the preceding, but differing from it in the way the
stand pipe a is locked in the bore-hole. He employs two supporting
plates round the tube and two wedges. The latter are inserted with
their larger ends inwards, and when everything is in position they are
drawn outwards by stretching screws, binding the supporting plates
against the sides of the hole and the tube, and firmly locking the
latter in position. Where abnormal pressures are likely to be
encountered, either of the above methods are probably safei than the
general one of simply wedging the stand pipe, but the latter acts
satisfactorily in the majority of cases.

(b) Releasing Gas.—In collieries liable to sudden outbursts of fire-
damp, bore-holes are systematically put out of the working places into
the layers of strata in which the gas accumulates, in order to drain it
out gradually. At Wharncliffe Silkstone, and other collieries where
.this procedure is adopted, it has met with success.

* British Patent, No. 311, 1891. + Ibid., No. 2299, 1891.
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(¢c) Proving Faults.—Bore-holes are of the greatest assistance in
determining the amount of throw of faults, and have saved consider-
able sums of money, which would otherwise have been spent in
unprofitable exploratory work. With their aid one can determine the
gradient required to drive the roads that will intersect the dislocated
seam. KEspecially is this the case where the hade of the fault is vertical
or ill-defined, as they actually prove in such instances, whether it is an
upthrow or downthrow. :

Owing to the confined space in roadways, the cost of boring is
rather high, as much time is wasted in screwing and unscrewing rods.
From a number of cases carried out under the author's direction the
cost per foot averaged 4s. for distances bored of about 30 feet, with
diameter of hole 3 inches, the rate of wages paid to men being 5s. 6d.
per day of eight hours. The cost of boring uphill seems less expensive
than downhill, if the weight of boring tackle 18 counterbalanced, as the
disadvantage of clearing out the hole and unscrewing of rods for such
purpose is removed.

(d) Steam and Rope-ways.—The anthracite region of Pennsylvania
supplies numerous instances of the employment of bore-holes for
steam and rope-ways passing from the surface to the interior of the
mine.* At Shenandoah City slope, an 8-inch hole was bored by the
method employed in the oil regions, and lined with 5§-inch casing,
through which a rope travels, the space between the casing and the
rock being filled in with cement. The engines and boilers are on the
surface. Another hole, 6 inches diameter, was then bored, and two lines
of 2-inch gas-pipe laid in it, the interstices between being filled in with
cement. One pipe is used for a speaking-tube and the other for a bell-
wire to the engineer at the machinery on the surface. At East
Franklin Oolliery there are two bore-holes, each 8 inches diameter cased,
and cemented, 763 feet deep. These holes are 7 feet apart, and are
used to hoist from a double-track underground slope. At Lincoln
Colliery, an 8-inch hole is used to convey steam to an underground
pump through a 43-inch steam-pipe. As this hole was remarkably dry,
it was not cased. At the Clear Spring Colliery, West Pittston, a 6-inch
hole was drilled 270 feet, and a line of 4}-inch steam-pipes inserted.
This hole was not cased, and, owing to the flow of about } inch stream
ot water down it, condensation was so great that the pressure was
lowered from 120 lbs. at surface to 4o lbs. at bottom of hole. After-
wards, the space between the rock and the steam-pipe was cemented,
and a 4-inch steam-pipe placed inside the 44-inch pipe, with the result
that the steam pressure at the bottom of the hole was the same as on
the surface.

These holes have also been successfully used in dealing with mine
fires, for providing water supplies, for stowing underground excava-
tions, and many other purposes connected with mining.
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CHAPTER IIL
BREAKING GROUND.

Contracts.—The greatest proportion of the miner's work consists i
removing and breaking up different varieties of rock, and to do this
various special tools are employed. Usually the different qualities of
ground are let by contract to men, and it is here that experience is of
the greatest use, as only from that is it possible to judge of the value.
Hardness, in a mining sense, is different from the same term looked at
from a mineralogical standpoint. Ground that is hard and brittle will
often bore better than a softer variety which is tough, because, in the
former instance, the blows break off small pieces, while, in the latter,
the chisel has to cut its way. Another point is the question whether
the ground will “shoot” well, that is to say, whether it contains a
number of faces, or joints, which easily Lreak away from the surround-
ing mass under the action of explosives, or, at any rate, allow the
material to be so shaken that it is easily removed by wedging. At
one of the collieries under the author's charge numerous intrusions of
basaltic rock are met with, and he has adopted a system for judging
the value of roading which is worthy of mention. A sample of every
intrusion is kept and labelled, with the price per yard paid for driving
through it, and, in addition, & microscopical section is cut from the
specimen. When other intrusions are met with a piece is broken
from each of them, and a section cut and carefully compared with
other pieces and sections of which the price is known. From this
comparison the price to be paid to the workmen is found.

Methods of Hastening Work.—The commonest plan of hasten-
ing work, and one that gives good results, is to pay the men a bonus
for every extra yard they drive over a certain stipulated amount. 8o
far as working is cornc ‘cned, perhaps, the cheapest way is to only work
one shift, for, as a rule; the night shift leave work behind for the day
men to do. If different shifts of men are employed the best way is to
measure up the amount each shift does, and pay them on it, as by this
means each set of men know that they will receive the money for all
the work they do, and consequently work harder. Where rapidity is
the main object six-hour shifts are adopted, with one workman always
remaining to, and starting from, the middle of a shift. This one does
all odd work, fetching tools, &ec.; the regular workmen are then able
to keep constantly at the face.

TOOLS USED.—S8hovels are principally used for removing
broken débris, and always have pointed noses, to enable them to get
past the larger pieces of loose stuff. The length of handle varies;
commonly it is about 30 inches, this being set at an angle of from
140° to 160° with the surface of plate, which varies from 8 to 16 inches
across. In some districts baskets are used for loading in preference
to shovels, the coal being raked into them. They are largely em-



BREAKING GROUND. 39

ployed in the South Staffordshire coal-field, and are made of wicker-
work for the working places, and of iron for gate-roads, the reason of
this being that the former are practically noiseless. With them a man
certainly loads more stuff than with a shovel, especially where the
ground is uneven, as in such cases the shovel catches on projections.
Their application is limited to thick seams.

Picks.—These vary much in shape for different uses and different
qualities of ground. For holing purposes, where the blow is struck in
a horizontal direction, the weight is small, generally about 3 lbs., with
a head 15 inches long, and & helve from 24 to 33 inches. The head
will be slightly curved for holing along a straight long-wall face, as
the miner naturally swings his pick in a curve, and the blow is then
delivered in the direction the instrument is moved. If, however, the
miner is under-cutting in a narrow road, and working in the corners
against the “fast,” the curved head cannot be employed, as the curved
portion would catch against the side before the point entered. For
cutting coal or breaking rock the shape of the shank or stem is usually
square in section, tapered to a point; while for dressing rocks when
sinking a chisel-shaped edge is employed. For coal work the shank

TA
8

Fig. 40, Fig. 41. Fig. 42.

tapers uniformly from the eye to the point, but for stone work the
point tapers suddenly like the sharpening of a pencil. The head part
is fitted into a wooden stem called the helve, upon which the greater
strain of the work is thrown ; so, to prevent rupture of the wood, the
eye should be made as broad and long as possible, and the two side
cheeks carried down the helve a good distance. On the other hand,
for under-cutting, where the tool works in a narrow slit, the eye must
be made as slim as possible ; if not, the pick-head cannot be turned
sufficiently to enable the point to catch the sides of the cut. Helves
are generally made of good straight-grained ash, nicely rounded to fit
the hands of the miner.

American hickory helves are now largely employed, the only
objection raised against them being that they are rather too springy,
and jar the hands in delivering a blow. This objection, probably,
arises more from prejudice thau anything else.
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A pick worthy of mention is that known as the Rivelaine, employed
by the French and Belgian miners for holing in thin inclined seams.
It is made of flat steel, about } inch thick, and the helve is from 3 feet
6 inches to 4 feet long (Fig. 40), so that the miner does not have to
get his arms under the face. A very narrow slit is made, and waste
is reduced to a minimum.

In the day, a workman spoils the points of several picks, which he
has to bring to the surface to get sharpened. The labour of doing
this is considerable, and numerous devices have been brought out
with a view of lightening it. The oldest consists in employing loose
points, held in position by a screw, but the idea is a failure, owing to
the difficulty of keeping them tight and firm, which is only possible
when they are new. A better plan is that of the Hardy Pick Co.,
which consists in making the head loose, and either employing a
tapering helve, getting slightly broader towards the top, and threading
the head over the end of the handle, and allowing it to slide down
into its proper position (Fig. 41), or by recessing the head of the pick,
and fitting it into a rectangular iron collar at the top of the helve,
and securing it in position by means of a sliding wedge (Fig. 42).
Originally a double wedge was employed, with a view of making a
more secure joint, and allowing for wear ; but experience has shown

that no necessity exists for this, and the single
wedge pattern is most in favour.

The tendency at the present day is to con-
struct picks entirely of steel, instead of wrought
iron with steel points. Without repeating
this remark again, it may be taken as true with
regard to every other class of mining tools. The
texture of steel is such, that it transmits a blow
better than softer iron, and as it is stronger, the
weight of the tool is less; consequently the point
receives the impact better. Then again, the wear-
ing capacity of steel tools is very much greater,
and repairs are consequently less.

Dressers.—For breaking up all large pieces

a of coal and rock, a tool shown in Fig. 43 is used.

The direction of the blow being downwards, it

is made very much heavier than an ordinary pick.

Fig. 43. One side of the head forms a curved pick, and

the other a hammer. The helve is not straight,

like that of a pick, but curved, and as it is largely used for wrenching

purposes, two strengthening side strips, a a, pass from the eye up
the helve.

‘Wedges.—These are most useful tools for breaking up hard rocks,
and getting down pieces shaken by shots. Their shapes are few, but
harder rocks require smaller wedges than softer ground, as in the
latter case a small tool would only push its way into the rock, and be
buried in it. The general shape is shown in Fig. 44. The striking
end is made small, so that the blow is dclivered in the centre. For
soft, cloddy varieties of ground, the penetrating end is made some-
what of a chisel shape, as this tends to split it very well; but with
barder varieties of rock, small dumpy wedges are adopted, gradually
tapering towards the extremity, and suddeuly sharpened to a point.
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Hammers.—The common form (Fig. 45) consists of an eye and
two stems, tapered down to form the striking faces, which are slightly
-convex, and have their edges rounded or chamfered off, so that the
hammer glances off the object struck when the blow is misdirected,
‘and prevents injury to the hand of the man holding the drill. The
-only difference between hammers and sledges is, that the latter are
heavier, and the blow is delivered with both hands. For wedge-
-driving, long, tapering heads are adopted, so that they may follow the
wedge right into the mineral; while for drilling, shorter heads are
used, as in them the material is well concentrated, and the blow takes
greater effect.

n | )o)
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Fig. 44. Fig. 45.

Drills.—For the present, it is proposed to treat only of those drills
worked by hand. These may be divided into percussive and rotary
borers. The former are either worked by the miner grasping the
tool, and giving it a reciprocating action, or one end of the tool is
struck with a hammer. The latter may be subdivided into two classes,
-one of which wears the mineral away (diamond), while the other
crushes the rocks, and reduces them to small fragments, this bein
done either by a screw working through a nut, or by hydraulic
pressure (Brandt's).

COomparing percussive borers with rotary ones, the useful effect of
the force expended is decidedly in favour of the latter. In hand tools
-of the former class, about half the time is expended in bringing back
the hammer into place to deliver a fresh blow, and, in addition, a
considerable amount of power is wasted in the inertia and rigidity of
the tools. Ill-directed blows are also a source of loss. Even with
machine drills, the same objections hold good, but here the undoubted
advantage is the obtaining of deep holes. In harder rocks, percussive
action is necessary, but in softer materials, easily disintegrated, the
débris tends to choke the hole, jam the drill, and cushion the blow.
As the generality of coal-measure rocks can be penetrated by rotary
drills, it secms preferable to use machines of that class.

Percussive Hand-tools.—For soft rock, the tool employed is
-called a “jumper,” the hole made being a large one. It consists of a
bar of iron, from § to 6 feet long, having a broad curved bit at one
end. This bar is grasped by the miner in both hands, and a recipro-
cating motion given to it, and at the same time it is slightly turned
between each blow, so that the cutting edge strikes in a fresh place
-each time.

This method is only applicable in soft varieties of rock, and is
soon replaced by the system in which the tool is struck a blow with
a hammer. Here two divisions of labour, called single and double
hand sets, may be noticed. In the former, a man holds the drill in
one hand and delivers blows with the other; in the latter, one man
holds and turns the drill, while the striking is done by another man,
.and sometimes, in very hard ground, by two men. In single-hand
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tools, small drills are employed, and the power expended is more
effectively applied than in double-hand sets using larger tools, as in
the latter case one man is solely employed turning the drill. The
bits too, in small driils, stand better than large ones, which is pro-
bably accounted for by the more uniform temper. The blows delivered
with the small drills are more rapid and light, this being advantageous
in a hard siliceous rock, as there is more tendency to break it off in
small pieces, requiring the expenditure of less power, and there is also-
less liability to injure the tools. The drills of both classes are com-
posed of a stem (generally of octagonal section), a striking face, and a.
bit. The end which receives the blow is made smaller in diameter
than the stem, so that the blow strikes dead in the centre. The
remarks previously made about constructing picks of steel apply more:
especially here. Steel being so much stronger than iron, the stem
can be materially decreased, and the mass through which the blow
has to be delivered is correspondingly reduced, with the result, that
the power expended is more effectively employed.

The edge of the chisel is generally curved to a certain extent,
more 8o for softer rocks than for harder ones. The edges also are less
acute for the latter class, In boring a hole of any depth, the first
tool used is shorter than the following ones, and the breadth
of the bit of each succeeding drill is less than the one before, so that
the tool can clear itself and follow freely in the hole. The great.
thing in hand-drilling is to properly turn the drill, so that the hole is
round ; otherwise it is impossible to bore deep holes, and the-
cartridges employed for blasting do not fit properly, leaving spaces in
which the gas expands when the shots are fired, and the useful effect.
is lessened. In the Cleveland iron mines, triangular holes are bored
and loose powder employed, it being claimed that such form is
specially advantageous in the deposits of that district; but electric:
machine drills, boring round holes, are making great headway there.

There is a special art in sharpening and tempering tools. The-
blacksmith must be experienced in the different qualities of ground.
The only objection raised against steel tools is, that the points some--
times break off with the first blow or two after being put to work.
The fault in such cases does not so much lie with the steel as with
the smith, as the explanation of the sudden fracture is that, in har-
dening and tempering the point, the tool is plunged into cold water:
whilst a portion of it is as yet at a red heat, the consequence being
that the steel is made as brittle as glass. In sharpening, in no case-
should the tool be heated to more than a blood colour, and no further
up the stem than is absolutely necessary, and it should then be:
hammered lightly and quickly until quite black. After being shar-
pened, it is perhaps best to allow the tool to cool down before it is
tempered ; but such is not absolutely necessary, so long as it is not
made red-hot too far from the point.

In hardening, the tool should not be heated further up than 1 inch-
from the point, and it is then dipped into cold water for about § inch,
leaving } inch still at red heat. The edges of the tool will then be:
filed, so that the polished surface of the metal is exposed to the
atmosphere, when the heat remaining in the top part gradually
passes towards the thin edge, and various colours successively appear
on its surface, these indicating the temperature the metal has attained.
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and the degree of hardness still remaining in the steel ; when the
desired colour appears, the article is plunged into water, completely
cooled, and retains the temper, as it is called. The colours appearing
on the steel during the tempering process vary from a faint yellow,
through brown and purple, to a full g]ue colour, the former giving the
very hardest temper, while in the latter the metal is so far softened
as to permit of a little bending in small articles before any fracture
takes place. The experience of the smith is the only guide as to
which hardness the tool should be tempered. It must be harder
than the mineral to be attacked, but should also be soft and tough
enough not to be brittle. There is no advantage in having a very
hard, brittle tool to cut soft rock.

Sorapers.—In percussive boring, the débris produced at the
bottom of the hole is cleaned out from time to time by the use of a-
tool called a scraper, which generally consists of a rod of copper, with
a circular disc at right angles to it at one end, and a semi-circular
groove, like a cheese-scoop, at the other (Fig. 46). Unless the disc
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Figs. 46, 47, and 48,

end is considerably less in diameter than the hole, the powdered
mineral is pushed right to the back, and prevents the bit getting at
the rock when it is re-inserted. To dilute the sludge, and prevent
the tool from sticking and getting hot, water is introduced in down-
hill holes ; a little ring of straw, or a piece of leather with a hole in
it, through which the tool passes, is put over the hole to prevent the
sludge spurting out.

Tamping or Ramming.—When a hole has reached its required
depth, the blasting charge is inserted and rammed ; that is to say,
some material is placed over it to prevent the escape of the gases
through the front of the hole, and so confine them at the back of it,
their only escape being to blow out the rock. In preparing the hole,
it is carefully scraped out for the last time, and if water has been
used during boring, it is dried by connecting to the scraper a small
wisp of hay, or rag, which forms a sort of plug, and sucks up moisture;
or, if the hole is very wet, the claying or “ bulling” iron is employed.
This consists of a stem of wood (e, Fig. 47)and an iron head (b)
through which a hole (c) passes. A lump of clay is inserted into the
bottom of the bore-hole, and the stump of the claying iron driven in,
forcing the clay into the interstices of the rock, and actually forming
a lining round the hole. The bulling iron is lifted out by passing
a cross-bar through the hole ¢. The charge and tamping are then put
in, the latter in small quantities at a time, each quantity being
successively rammed with the tamping-rod, which consists of a bar
having at one end a flat face, while the other terminates in a cone
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baving a groove cut in it (Fig. 48), to allow the means for lighting the
shot to lie against the side of the bore-hole. This may be either a
needle, or pricker where straws are used, or fuse, or wires if electricity
is the agent. The farther the tamping is from the charge, the harder
it is stemmed. In strong rocks blows are given to the end of the
rammer by a hammer.

Hand Machine Drills.—The general type of these consists of a
screwed spindle working through a nut, with a socket for the boring
tool at one end, having a square on it for the ratchet-handle which
communicates power.

The tool commonly employed (Fig. 49) consists of a screw-spindle,
a, working through the nut collar b, The boring-bit is of the ordinary
auger form, with a V point. The screw is revolved and pressed
gradually against the rock by turning the ratchet-handle ¢, small
pieces are broken off, and the hole is bored. When the advance has
reached the length of the drill, it is worked back into its sheath
again, and a longer one inserted. With an ordinary nut arrangement,
as many revolutions have to be made with the
screw to replace it in its sheath, as took place
during boring. To prevent this waste of time,
a split-nut, having lugs on each half tapped
with right- and left-hand threads, is adopted by
the Hardy Pick Co. These lugs are connected
by a screw, cut with a right-hand thread at one
end and a left-hand thread at the other, and can
therefore either be brought in contact with, or
disengaged from, the main propelling screw.
Consequently the drill and screw can be with-
drawn without being wound back.

With this type of drill, a tree or prop has
to be set near the face to support one end of
the machine. To prevent loss of time, many
machines are supplied with a stand, whose
length is adjustable, as it is formed of two
pieces which can slide upon each other, and be
clamped together, the final adjustment being
made by an ordinary lengthening screw at the
bottom.

Fig. 49.
In the Elliot machine % ig. 50) the nut is replaced by a worm-

wheel, a, in the teeth of which, a square-threaded feed-screw, ¢, of -inch
pitch, takes its bearing. This wheel is carried in a ring, having a
hinged joint at one side, and a screw clamp, b, on the other, so that
more or less friction can be set up between the screw and the worm-
wheel. The feed is thus automatic, and the extent is regulated by
‘the tightness, or otherwise, with which the ring is screwed up. If the
resistance is excessive, the wheel slips round to a certain extent, and
reduces the full advance of the drill, which may vary from } inch per
revolution to nothing.

If the clamping screw b is slacked, the drill can at once be with-
drawn without being wound back.

When boring near the sides or roof, the crank handle cannot be
completely rotated, but has to be worked backwards and forwards, and
4 ratchet employed, thus all the time devoted to one-half the motion
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is lost. To remove this disadvantage the crank-handle is not con-
nected directly to the screw, but through the intervention of bevel
gearing. Bornét’s* machine is so fitted, and, in addition, the nut in
which the feed screw works is seated in a spring box, so that with an
increase in pressure, when working in hard strata, the feed is equal to-
the pitch of the screw, less the amount of compression of the springs.
When these are fully compressed the nut slips out of its bearings and
revolves with the screw, the feed being then governed solely by the
spring pressure until the resistance decreases and the nut again
occupies its seat.

In thick seams ordinary stands cannot be employed. In the
anthracite region of America they are replaced by a clamping device,
shown in Fig. 51, attached to the Howellt drill, one of the best

Fig. so.

known in that coalfield. To fix the machine a hole, 3 or 4 inches
diameter, is first cut into the face, and the clamping-bar a, which is.
supplied with a number of spikes, is firmly wedged in it. The illus-
tration to a great extent explains this. The auger bit is rotated by
bevel wheels, geared down from 1 : 3 to 6. A point worthy of atten-
tion is that two or three holes can be bored from one position, owing
to the sector arm & allowing movement either to the right or left.

The merits of a drill depend upon its weight, the facility with
which it may be set and used in different positions, and the wearing,
capacity of the machine itself. The rate of boring depends entirely
on the form of the cutting tool and the quality of the steel, because,
unless the latter is suitable metal, it is no use making it of a suitable
form, as that form is soon lost by rapid wear. A great deal also
depends upon the men. Unless a certain amount of skill is shown in
setting the machine, and properly clamping it in position, as much
time is occupied in drilling holes in ordinary varieties of rock as if
they were put in by hand.

The most suitable shape of the points of the twisted augers for
drilling ordinary rock-binds and coal is shown in Figs. 52 and §3..

* N.E.I., xxxvii., 117. + Report A.C. Second Geo. Survey Penn., 172.
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This form penetrates with greater speed and less labour than any
-other pattern, and is easy to repair. The piece cut out of the centre
should be a little more than one-third of the width of the point, and
of a broad V shape, in order to keep the two outside portions as
strong as possible. These should be kept as thick and stiff as the
section of the steel will admit. The cutting point should be carefully
kept sharp, with a good clearance left at the back. As a rule, the
greater the opening in the middle the more rapid is the penetration,
especially in coal, shale, and soft sandstone; but the size of the V
opening is governed by the hardness and strength of the rock to be
‘bored.  'When great pressure is necessary the opening at the top
-of the V should be narrow.

The best results are obtained in tempering, by heating 1 inch of
the points to a blood-red, and then plunging them into coal-tar, as the
cutting edge is made extremely hard, the points gradually becoming
softer as the thickness of steel increases. Drills so treated can be
re-sharpened once or twice on a grindstone, until it becomes neces-
sary to put them in the fire again to
enlarge the points.

To show the advantage of using these
drills, the following may be cited :—At
a colliery under the author’s charge a
road was driven for 61 yards, crossing
the measures over a fault. The section
of the road was 6 feet wide at the bottom,
5 feet at the top, 5 feet high, and it

i was driven at a down gradient of 2} inches
Figs. 52 and 53. to the yard. Time occupied, 5 weeks ; rate
of progress, 12 yards per week. The cost
was : — Labour, £47 108.; powder and fuse, £11 18s. 9d.; total,
£59 8s. gd. The total cost per yard run was 19:488s., equal to 6:386s.
per cubic yard ; and the cost of explosives per yard run was 3-9r4s.
The hardness of the measures varied considerably. A small portion
could be worked with the pick, but other parts consisted of a bard,
gritty sandstone, nearly too hard for the drill. Very little timbering
was required, so this did not interfere much. Ventilating pipes and
rails had to be laid. The road might be considered a very fair sample
of a cross-cut in the Coal Measures. Similar work in another part of
the pit, without the aid of a drill, cost £2 a lineal yard.

TRANSMISSION OF POWER.—In considering the question
of transmitting power to the machines used in breaking ground, choice
is limited to compressed air and electricity ; the other means of steam,
water, and wire ropes are inapplicable in the majority of cases. Steam
is, to a certain extent, out of place in & mine, although, under certain
-exceptional conditions, it is employed, and gives good results ; but its
use in confined spaces, where either coal-cutting is in progress or rock-
drills are being worked, is quite out ot the question.

Compressed Air.—Air may be considered a perfect gas, and
obeys the laws relating to such a body. These are : —

(1) That if the temperature be kept constant, the volume varies
inversely as the pressure; if, for example, the pressure is
doubled, the volume will be reduced to one-half.

(2) If the volume be kept constant, pressure varies directly as the




BREAKING GROUND, 47

temperature reckoned from the absolute zero (- 273° C. —
—459° F.). Thus double temperature gives double pressure.
(3) If the pressure remains constant, the volume varies directly as
the temperature reckoned from the absolute zero. Thus if

» the temperature is doubled the volume is doubled.

If the above laws are clearly understood, it will be at once seen
that great losses must occur in compressing air. When the volume
in the cylinder is reduced by the piston, a considerable rise in tem
perature takes place, which can only be produced by an expenditure
of power, heat being simply work in another form. If the compressed
air were used immediately at the point where it was generated, no
loss would take place. This, however, is never done; the heat pro-
duced by compression is lost in the transmission pipes, and all the
power which produced it is lost also. .

The increase of temperature during compression expands the air
in the cylinder and increases its pressure, so that the piston is met
both by the natural resistance of the air to compression, and by the
increased resistance due to expansion by heat. Another loss through
this heating is that, at the moment of discharge the air bears the
pressure it should do, but as it cools the pressure falls. It has been
noted that, in an ordinary compressor, the air was compressed to four
atmospheres after the piston had travelled three-fifths instead of
three-fourths of its stroke (see first law above), the compressed air
occupying two-fifths instead of one-fourth of the space in the cylinder.

A third loss is due to the fact that the sides of the cylinder become
heated, and the air on entry is expanded, so that when the piston
commences its stroke, a smaller mass or weight of air is in the
cylinder, but the increase of pressure due to the temperature makes
the pressure normal.

From these considerations it follows that, to secure good results,
there should be S:) thorough cooling during compression, (2) the air
on introduction should have as low an initial temperature as possible,
and (3) the air should be raised to as small a pressure as is practicable
in any single cylinder.

The losses, however, do not, unfortunately, end at the compression
cylinder. The loss of head in the pipes is considerable unless the
pressure is high, and consequently the user is apparently between
two stools. The adoption of compound compressors, where the air
is first raised to a pressure of about 25 to 30 lbs. in one cylinder, and
then passed through a cooling receiver to a second cylinder for final
compression to from 85 to 9o lbs. per square inch, reconciles the
advantages of low compression as regards the original yield, and of
‘high compression as regards the loss of head.

The advantages of successive compressions are not fully realised
unless the action is repeated in an inverse direction at the motor—
that is to say, the air must first be expanded in one cylinder, then
passed through a warmed receiver in order to bring back the ex.
panded air to its initial temperature, and finally expanded down w0
.atmospheric pressure in a‘second cylinder. The difficulties of using
compound motors with intermediate warming receivers are insur.
mountable in many of the operations in which compressed air is
used in mines, but the difficulties can be overcome if, instead of
-endeavouring to compound each motor separately, they are com-
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pounded mutually. This arrangement has been carried out since
1888 at Newbattle Collieries in the following manner* :—The motors.
are not compound, but the air is conveyed from one engine to another
engiune, the first being the high-pressure cylinder, the second the low-
pressure cylinder, and so on. The motors are coupled up in series,
and do not necessarily perform any work in connection with one
another. Thus the first installation comprised three pumps, the-
second one being 70 yards from the first, and the third one about
100 yards from the second. The exhaust air was carried in 6-inch
diameter pipes from one motor to the other, and during its passage
abstracted sufficient heat from the hot air of the mine to come back
to atmospheric temperature before it reached either the second or
third pump. A by-pass valve was so arranged that air may be
passed directly by the first or second pumps without working them.
In the cuse of hauling engines, where their stoppage might involve
the stoppage of the plant behind them, relief valves are fixed to lift
at a slight increase in the pressure, and the air then expands down
to the next stage.

Air Compressors.—Two systems are in use by which the heat
produced during compression is absorbed. In one, water is not
admitted into the cylinder, while it is in the other. The former
are called “dry” and the latter * wet” compressors.

In dry compressors, air is cooled during compression by the use
of a water-jacket on the compression cylinder, but at the best the
action of this is very imperfect, as the area of surface exposed to the
cooling action is small, compared with the volume of air compressed,.
80 that only a small portion of the confined air can come into contact
with the inner surface of the cylinder. In addition, air parts with
its heat to a metal cylinder very slowly, and, with a compressor
working at moderate speed, there is not time between the inlet
and discharge to effect sufficient reduction in the temperature.

Wet compressors may be subdivided into two classes—(a) those
where the air is compressed by a piston of water, (b)) where a fine
spray of water is injected into the cylinder during compression.

The former type, the design of which is due to Sommeiller, is
illustrated in Fig. 54. It consists of a piston, @, moving horizontally
in a cast-iron cylinder kept full of water. From the extremities of
this cylinder spring two vertical cylinders, b, closed at their upper
ends by covers bolted on. The in-take air is admitted through
rectangular openings, cc¢, in the sides of the vertical cylinders, the
suction-valve being of leather, while discharge takes place through
a couical brass valve, d, situated in the top. The reciprocating move-
ment of the piston causes the water to rise on one side and fall on
the other. A partial vacuum is formed above the falling water, which
causes the admission valve to open and the unoccupied spaces to be
filled with air; while on the return stroke the water is driven back,
and the air with it, until compression in the cylinder is equal to the
pressure in the receiver, and then the delivery valve opens.

These compressors have been largely employed on the Continent,
the idea being that, if the air during compression was in contact with
water, all heat would be absorbed. Such, however, is not the case.
The air is only exposed to water on one side ; a thin film of this soon

* So. Wales Inst., xvii., 226.
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gets hot, and, water being a bad conductor of heat, little cooling
during compression takes place. As, however, a certain quantity of
water is carried over into the delivery pipes at each stroke, the air is
cooled before it gets to the receiver; but to be of any economical
good, cooling should take place during compression. Indeed, it has
been found that, to get good results, spray injection has to be intro-
duced near to the outlet valve.

Compressors of this class resemble pumps, and must work at slow
velocit'‘es. As a large body of water has to be set in motion and
stopped at each stroke, considerable friction is caused, and the machine
subjected to severe shocks. It must, therefore, be made very strong,
and to produce the same quantity of air as a high-speed compressor
must be considerably larger, and take more power to drive.

The actual position of affairs seems, therefore, to be that, by the
assistance of a water piston and spray injection, a certain economy in
compression is gained, while this advantage is neutralised by the
extra power required to drive the machine. In addition, there is the
difference between firat cost and cost of maintenance in the two
systems. It is impossible either to purchase large engines, or to keep
them working, at the same cost as smaller ones.

Fig. 54. Fig. s5.

The second division of wet compressors is that in which water is
injected directly into the cylinder. Thisanswers well in keeping down
the temperature, provided that the water is in the form of fine spray,
that it meets the piston during compression, and that it is in thorough
contact with the air. A further economy results from the fact that
the power required to compress moist air is less than that required
for dry air. The injected water also fills clearance spaces, and
prevents loss from this cause. The absence of these in a compressor
cylinder is a point of high importance. No spaces should exist
between the piston and the cylinder cover at the termination of the
stroke, because such spaces are filled with air at high pressure, and,
on the retreat of the piston, this air expands and fills the cylinder,
no free air entering until the pressure is reduced to that of the
atmosphere.

To avoid clearance losses the pistons are often arranged to run
dangerously close to the cylinder cover. Mr. Sturgeon has adopted a

a
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sliding end, which is lifted slightly at the end of each stroke., A
preferable plan is to arrange by-pass grooves in the end of the
cylinder (a @, Fig. 55) in such a manner that when the piston passes
over them at the end of the stroke the high-pressure air escapes from
the back to the front of the piston. As the pressure is thus suddenly
taken off the steam piston must be properly cushioned or an injurious
blow will result.

It is, however, believed that the cooling results obtained by the use
of a spray of water are deceptive, as they take place principally after
the air is completely compressed.

The objection to the injection system is the wear of the cylinder
and piston, caused by the fact that water is not only a bad lubricant
itself, but its presence in the cylinder prevents oil, or grease, getting
to the working parts, as it floats on the top of the water. The situation
is bad when clean fresh water is used, gut much worse when, as is
often the case, it is necessary to employ acid water or water containing
grit or sediment. Another objection is, that the compressed air
produced contains a considerable amount of moisture, and that when
used the exhaust ports of the motors become clogged up by the
formation of ice. By a proper arrangement of reservoirs, or draining
tanks, most of the moisture in the air can be removed before it is used
in the motors.

The general type of modern air compressors consists of a pair of
twin compound-condensing engines having the air cylinders arranged,
tandem fashion, behind the steam cylinders. Compression should be
in stages, and the air passed from the low-pressure cylinder through
an intermediate cooling receiver to the high-pressure cylinder. Many
high-class compressors are now fitted with mechanically-operated
suction and delivery valves, but, speaking generally, this is a refine-
ment which only pays in the case of large installations. With a single
engine and air cylinder arranged in a straight line it is impossible to
construct an economical machine, because the greatest work in the air
cylinder has to be done at the end of the stroke. At the beginning of
the stroke, when the steam has full pressure, the air cylinder contains
air at atmospheric pressure, and offers no resistance, but at the end of
the stroke, when the pressure t the steam cylinder would be low (if
expansion were used), the resistance in the air cylinder is at its
maximum. All sorts of arrangements have been designed to equalise
the power and resistance, but have given way to the straight line pair
type, with cranks set at right angles. Expansive working can then
be used, as one steam cylinder is always exerting its maximum power
at the moment when the air cylinder of the other engine is finishing
its stroke.

This explains the seeming paradox, how steam, say, at 50 lbs., can
compress air to 70 lbs,, where both cylinders have the same diameter
and stroke. When it is remembered that at the commencement of the
stroke the pressure in the air cylinder is nothing, that for three-fourths
of the stroke it is considerably below 5o lbs., and that only at the
moment of discharge does it reach 7o lbs., the explanation is self-
evident.

Various Valves on Air Compressors :—

Walker's Valves.—The inlet valve is connected by a link (e, Fig. 56),
and piston, b, with a controlling spindle, ¢, these reciprocating with the



BREAKING GROUND. 51

movement of the valve. When the piston retreats suction opens the
valve, which is prevented from going too fur by the spring d, which
becomes compressed. Immediately the piston starts to return the
valve is closed by the spring, and prevented from being violently
dashed on to its seat by the collar f, which moves with the spindle
coming into contact with the india-rubber buffer k, carried on a fixed
abutment, /, suspended by two bars, m m’, attached to the cylinder
cover n. Messrs. Walker’s experience has shown that it is also
desirable to buffer the valve on its in-stroke, this being done by a
second india-rubber washer, A, striking against another fixed abut-
ment, &. It will be noticed from the drawing thatithe tension of the
spring and the position of the stops can be varied, if desired, by a nut
and lock-nut arrangement, ¢ and f.

Figs. 56 and §7.

The outlet valve (Fig. 57) is balanced by making a portion of the
spindle passing through the stuffing-box hollow, the outer end passing
into a small cylinder, a, into which air is admitted at the same
pressure as in the receiver. The valve is prevented from opening too
rapidly by the spring b, and is buffered on its in-stroke and out-stroke
by stops ¢ ¢/, arranged to engage the india-rubber blocks e ¢’ (carried
by a fixed cross-bar f), just prior to the termination of the valve's
travel.

The india-rubber blocks are annular in form, but somewhat of
.a T-shape in cross section, the faces of the annulus being widened out
to leave a projecting flange at the inner and outer periphery. With
this shape it has been found that the life of the blocks is considerably
increased.

Sturgeon’s Valve.—The feature of Sturgeon’s air compressor con-
sists of a stuffing-box inlet valve, which is opened by the piston-rod at
the commencement of its stroke, this doing away with the necessity of
forming a vacuum in order to cause the valve to open. A complete
cylinder, full of air at atmospheric pressure, is taken in at each stroke,
.and immediately the piston starts to return the valve shuts. In
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Fig. 58, ¢ is the inlet valve attached to the stufling-box of the piston-
rod. By means of the nuts a a sufficient grip can be obtained to
ensure the valve opening on the forward and backward strokes of the
piston. The stops b b, screwed to the
valve, limit its travel in one direction,
while its flange portion performs the
same office in the other. The piston
is recessed to fit over the valve at the
termination of each stroke, and reduce
clearance to a minimum. The outlet
valves o o are usually eight in number,
and can be taken out separately for
repairs, or removed by unscrewing.
A spiral spring, ¢, in each one serves
to bring it back sharply on to its seat.
The arrows show the direction of the
air both from the inlet and delivery
valves.
Ingersoll - Sergeant Valve. ¥ —This.
consists of two annular valves (a, Fig.
Fig. 58. 59) placed in a hollow piston of a
double-acting air cylinder, free air
being admitted through a hollow tail-rod attached to the piston.
The valves do not require the aid of springs or other connec-
tions, but are opened and closed at the proper moment by their
own inertin. The arrows show the direction of the intake and

m—\k\\\\g"
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Fig. s59.

delivery ; the outlet valves are shown at & To reduce clearance small:
recesses, ¢, are turned in the cylinder covers, into which the inlet
valve fits at the termination of the stroke. As there are no inlet
valves in the cylinder covers water-jackets, d d, are provided at each
end, as well as around the sides ¢ e.  The air passes into the receiver
through /. A perspective view of the valve is shown in Fig. 6o..
Additional advantages are derived from the absence of valves in the:
cylinder covers, and the admission of air through the hollow piston--

* Compressed Air Production (Wm. L. Saunders, New York, 1891), 20.
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rod. Not only can the cylinder be water-jacketed all round, but what
is of far more importance, air can be drawn from outside the engine-
room through the piston-rod, resulting in a considerable higher com-
pression efficiency, as on a cold winter’s morning the difference in
temperature between the inside and outside of the engine-room may
amount to 70° F. :

Riedler Valve.—Both the inlet and outlet valves of the Riedler
compressors are closed in the same manner as the pump valves of this
design (for description see chapter on Pumping). The valves are
perfectly free to open, but are closed at the proper moment by a cam
controlled from the wrist-plate driving the steam admission valves, at
a time when the wrist-plate is moving at its highest velocity, while
the air piston is nearly at a state of rest. As each inlet valve is closed
at the same time as the opposite outlet valve, and as the theoretical
velocity of the piston movement at the time of closure is zero, there
should be no wear nor shock on the valve face and seats. As no
springs nor loose pieces are employed in the gear, the speed of opera-
tion is dependent only on the practical speed at which the steam
engine may be worked.

West and Jenkin’s Valve.*—The inlet valve is of the mushroom
type, provided with two springs on the valve stem. The lower one
tends to open the valve, while the upper one, which is much stronger,
tends, when free, to keep it on its seat. By an arrangement of levers
and cams similar to Fig. 62 the latter spring is comprassed, or let go,
at the desired moment. When the piston is nearly at the end of the
compression stroke, the cam compresses the stronger upper spring and
relieves the valve of the downward pressure. If it were not for the
pressure of air in the cylinder, the weaker opening spring below would
then immediately open the inlet valve, but this cannot happen until
all the compressed air in the cylinder has been exhausted through the
delivery valve and the piston commences to make its suction stroke.

The outlet valves are also controlled by a cam, but are arranged
with springs, and are free to open of their own accord in case the
pressure in the receiver falls below the normal.

This is a point of great importance in all mechanically-actuated
valves, because, unless some such device is in operation when the air
is being used from the receiver faster than the compressors can supply
it at standard pressure, the compressor presses air up to the maximum,
and then delivers it into the mains where it expands down to the
Ppressure existing there.

Means to prevent ‘Dancing?’’ of Valves.—In the ordinary
form of valves to which a spring is connected vibratory motion is set
up, because the air tries to pull the valve open and the spring to shut
it, and first one and then the other prevails.

The dancing of the valve in Walker's air compressor is reduced by
causing a certain amount of friction to be set up between the spindle
(¢, Fig. 56) and one or more of its bearings. To accomplish this,
where the spindle passes through the cross-bar (p, Fig. 56), the bearing
is split longitudinally, so that the bore of the bush can be slightly
contracted by means of a screwed spindle (a, Fig. 61), having a hand-
wheel, b, and lock-nut, ¢, connected to the top half of the step. To
provide a greater frictional surface, the spindle is made of larger dia-

* Fed. Inst., vii., 239.
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meter where it passes through the bearing, and is surrounded by a
earbonite washer, which acts as a lubricant and prevents heating.
Only a small amount of friction is applied, so as not to interfere with
the free working of the valve to any appreciable extent. This device
gets over the difficulty of “ dancing ” at ordinary speeds, but increases
the power required to open the valve.

Fig. 6o0. Fig. 61.

A very simple but effective device is in use at Lens Colliery
(France). The inlet valves are of the ordinary poppet type, closing
being effected by a spring (a, Fig. 62); when opened, however, the
pull of this spring is taken off in the following manner :—Each end of
the cylinder is provided with two inlet valves, the spindles of which,
b, pass outside the cylinder cover. Opposite these valves is placed a
small shaft, ¢, which performs one revolution to each revolution of the
engine, and on this shaft, opposite each valve, is keyed a cam, d. At
the commencement of the stroke the face of each cam engages with
the spindle of the inlet valve, pushes it wide open, and keeps it there.
The small revolving shaft turns this cam, and its shape is 8o arranged
that when the piston starts to make its return stroke the cam is past
the spindle, and the spring brings the valve back into its seat.

Governors.—As the ordinary speed governor attached to the
steam cylinder only acts when the limit of safe working is reached, it
is usual to fit air compressors with an additional appliance, which
controls the speed in exact accordance with the amount of air required.
In one well-known machine this is done by adding to the ordinary
governor a floating lever, having one end attached to the cut-off
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mechanism, and the other to a plunger working in an oil cylinder.
The position of the plunger is controlled by the air pressure working
against a spring. Should the air pressure exceed the normal limit,
the plunger moves upwards against the spring and alters the cut-off
in the steam cylinder to an earlier point, while, should the air pressure
fall below the normal, the spring lowers the plunger and increases the
speed of the engine.

Explosions in Air Compressors.—Several instances are on
record of explosions in the cylinders of air compressors with slide
valves ; these are due to the vaporisation of the oil introduced for
lubrication. Pressures of 10 atmospheres, or 147 lbs. per square inch, |
are now attained, and at this pressure the temperature in the air
cylinder would reach 276° C., or 529° F.; it is possible that ignition
of oil may take place at a lower temperature. The formation of gases
from the oils used for lubrication is sure to occur in some measure
when the pressure exceeds 6o lbs. per square inch, and it is advis-
able, in order to prevent explosions, that the following precautionary
measures should be taken :—*

Pockets or blind end in pipes leading the air must be avoided.

‘When compression to more than 55 to 6o lbs. per square inch is
desired, compound compressors with intermediate cooling
should be chosen.

If slide valve compressors are preferred, those with long curved
passages should be avoided in favour of others having separate
valves at both ends of the cylinder; and only sufficient oil
should be introduced into the cylinder to lubricate the piston,
the valves being lubricated separately.

Careful internal cleaning each week end is strongly recommended.

Surface cooling of the compressor should be as complete as possible,
but it is injudicious to cool down the valve chest too much.

Conduits.—Air is conveyed from the producing machine to the
motors through pipes, and a loss of work takes place from friction,
governed by the following laws :—(1) Resistance varies directly as the
length of the pipe, (2) inversely as the diameter of the pipe, and (3)
directly as the square of the velocity. The loss from the first law
cannot be done away with, as it is impossible to alter the distance
between the compressor and the motor. By using pipes of large
diameter, the loss from the two latter laws can be kept within narrow
limits, but the expense of doing so is considerable. The experiments
at Paris t show that when the velocity in the pipes exceeds 5o feet a
second, the loss in pressure becomes serious even in the distance of
1 mile. The loss, however, for 2 miles is not double that of 1
mile. The size of the mains can best be reduced by adopting high
initial air pressures. Friction in mains may be reduced to a con-
siderable extent by employing glass-lined pipes, an invention lately
introduced.

Receivers.—From the compressors the air is discharged into a
receiver, fitted with a safety-valve and pressure gauge placed near by,
which not only serves the purpose of a reservoir, but corrects the
irregular delivery from the compression cylinders. Receivers also rid
the air of moisture, and should be so arranged that the air passes in
and out on the same side. Drain-cocks are provided at the bottom to

* Gliickauf, 1897, xxxiii., 789. t+ Inst. C.E., cv., 192,
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get rid of the water. If the motors are any considerable distance
away, small subsidiary receivers should be placed near to them in the
workings.

Motors.—In these the greatest loss takes place through leakage
past the piston ; with an ordinary engine the condensed moisture on
the sides of the cylinders act like packing, and helps to keep the
piston tight ; but compressed air is dry and hot, and leakage becomes
serious. The most economical results are obtained by heating the air
before it passes into the motor, which serves the double purpose of
not only heating the air, but helps to pack the piston. It, however,
introduces this disadvantage that the exhaust ports are likely to choke
up with ice through the moisture freezing ; but this can be prevented,
to a certain extent, by having large ports, and by allowing the exhaust
to take place directly into the atmosphere, and not through pipes.

In order to prevent freezing at the exhaust ports, Mr. T. Warsop*
uses an arrangement consisting of a barrel with the upper end open,
which is kept filled a little above half way with water. The exhaust
pipe from the air motor is filled at the end with a spherical nose
perforated with holes to break up the volume of air as it issues from
the pipe, and is carried down into the water for a distance of about
12 inches. A coneshaped shield of sheet iron is attached to the
exhaust pipe immediately above the surface of the water to prevent
the water being thrown out of the tub by the rush of air.

Efficiency.—Statements are often made of the low efficiency of
the transmission of power by compressed air, and figures quoted
confirming them. There are cases on record where only about 10
per cent. of the power given out by the steam engine is turned
into work by the motor, but it is unfair to cite such cases as instunces
of the best practice and compare them with a modern electric power
plant. Under the most favourable circumstances an efficiency of 73
per cent. is barely possible, while under the conditions existing in
mines a total efliciency of 5o per cent. is all that can be hoped for.
The efficiency of a good compressor may be put at 65 per cent., with
a further loss of 5 per cent. in the conduits, while the motor itself
will only give out about 50 per cent. of the work put into it. The
actual condition of affairs has been summed up as follows + :—

(1) Compressed air regarded as an agent for the transmission of
power is just what it is made, its value being proportionate
to that of the mechanical and calorific conditions which
exist at its production and utilisation.

(2) With the use of high adiabatic compressions which make the
use of effective expansion impossible, miserably small yields
only are obtained.

(3) With low pressures the latter defect disappears, but the
dimensions of the pipes and apparatus are prohibitively large.

(4) On the other hand, by the adoption of stage compression, and
especially with a mutual compounding between motors,
placed far enough apart for the air, partially expanded in
passing between them, to acquire the temperature of the
surrounding atmosphere, yields of 50 per cent. may be easily
obtained, and that with pipes and cylinders of moderate size.

* Coll, Guard., \xiv., 1206.
+ Comptes Rendus Mensuels, Soc. Ind. Min., 1895, 153.
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(5) The available energy transmitted by compressed air may be
expanded by heat proportionately to the binomial of expan-
sion itself. ~While other agents of power transmission,
electricity for instance, correspond with a strictly defined
disposability of energy, compressed air, in addition to the
amount of work which it is capable of giving out adiabatically
at the surrounding temperature, carries with it the ability to
transform into power any artificial heat which may be
imparted to it ; and this transformation is effected with so
high a thermal yield that the supplementary work realised
practically costs nothing.

This special faculty, added to the absolute elasticity of speed, both
as regards compressors and motors, and also the possibilities of regu-
lation or storage, are features of great importance, which may often
justify preference being given to compressed air over other agents
for transmitting power.

ELECTRICITY.—It would be quite foreign, in such a work as
this, to enter into an elaborate description of what electricity is,
how it is produced, and the different systems and methods of using
it ; but as the mining engineer of the future will require to know a
considerable amount about it, some brief description here will not be
out of place. Every one is familiar with a magnet—its power of
attracting bodies—and knows that each end is called a pole. This
magnetic influence is exerted in certain lines, radiating from the
poles, which were called “ lines of force” by Faraday, who discovered
that if a closed loop of wire were passed through them, a current of
electricity was set up in the wire. This is the principle of the dynamo,
which consists of a number of coils of wire revolving rapidly in a
magnetic field. The electro-motive force depends on the rapidity of
revolution, strength of magnet, and the angle at which the coils of
wire pass through the magnetic field, which should be as near a right
angle as possible. The current, however, set up by such action does
not flow in one direction, but consists of a series of reversals in
opposite directions.

At this point is reached the division line separating the two
systems of electricity. In one, the current is transmitted through
conductors, and used as it is generated in the machine, that is to say,
in a series of starts and stops or complete reversals, such being called
the alternating current; in the other, by introducing into the dynamo
a device called the commutator, the current produced in the armature
is, so to say, straightened out, flows in one direction, and there is
then obtained what is called the continuous current.

Continuous Current.—Continuous current dynamos, or motors,
as these machines will act as either, are divided into three classes,
differing in the manner in which the field magnets are excited. In
series-wound machines (Fig. 63 the whole of the current generated by
the armature passes through the magnet winding on its way to the outer
circuit. In shunt winding (Fig. 64) there are two paths for the
current, one direct to the outer circuit and the other to the magnets;
the latter circnit is formed of many coils of fine wire, is of high
resistance, and only a small part of the current is sent round it. The
compound wound machine (Fig. 65) is a combination of the two, but
comparatively few turns of series winding are employed.
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Series-wound dynamos require the load to be constant or have to
be varied in speed with every change of load, and are seldom employed
in mining work. When a series-wound motor is stationary and the
current is switched on, there is no back pressure, and the field
becomes strongly magnetised, with the result that the tendency of the
armature to turn is at its maximum. These machines possess great
starting power, and are particularly suitable for pumping or hauling
work, but under a light load attain a dangerously high speed.

Shunt-wound dynamos give a fairly constant voltage at a constant
speed when supplying a varying load. Such machines can easily be.
connected in parallel—that is, any number can be connected together
to provide current for a general supply of electricity just as a number
of boilers feed a common steam main.
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Shunt-wound motors have not such great starting power as series-
wound machines, but run more uniformly in speed under & varying
load, and are well suited for fan-driving.

Compound-wound dynamos combine the advantages of both series
and shunt winding, and are the most suitable for colliery purpose
where more than one motor is to be used. They run at a constant
speed, and give a constant voltage irrespective of variations in the
load, but are not so easily run in parallel as the shunt-wound
machines. The compound-wound motor is superior to the shunt-
wound motor in starting power, but inferior to the series machine
in this respect, and will run at almost constant speed under all
loads. It i8 not much used, one drawback being its liability to
reverse when started against a heavy load.

Mr. Alexander Siemens has dyirected attention to a point of
considerable importance.* One of the characteristics of an electric
motor is that the current passing through it depends on the work
which it is called upon to do. The consequence is that, if the motor
be only just powerful enough for its regular work, any accidental
increase in its load will cause a current to pass which may seriously
damage the motor. This, in fact, is almost the only quality in which
an electric motor compares unfavourably with other mechanical
motors. If these are overloaded they run more slowly or stop, but
an electric motor is liable to destruction. = Fortunately another
quality of electric motors counteracts this disadvantage, and that is
their comparative great efficiency at a diminished load. It is, there-
fore, advisable for economic advantages to employ comparatively

* Fed. Inst., viii., 248.
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large motors, although the first cost of an installation is thereby
increased, but the absence of repairs will very soon repay the extra
outlay. Modern motors will, however, easily carry a temporary
overload of 25 per cent., and a momentary overload of 50 to 100 per
cent.

Alternating Current.—The continuous current system is the one
generally applied in Great Britain for the transmission of power, because
up to the present, with probably one exception, an efficient alter-
nating single current motor has not been discovered. Once started,
they work very well, but the great difficulty is to get them to move
against a load. There is little doubt that this will be overcome,
and then a very fine field will be open for such system, especially in
mines, as an alternating motor is more compact than a direct-current
one, possesses no commutator, or brushes, sparking only results by
severing action, and the extreme simplicity of the winding and general
construction makes it very unlikely to get out of repair,

The great advantage of the alternating system is the ease with
which currents of high tension can be converted into currents of
lower tension, but of a larger quantity. This is a point of consider-
able importance, because in mines it is often necessary, in order to
obtain the fullest benefits from any system of transmitting power,
that small machines can be worked at isolated points where required.
Now, small motors developing a few horse-power are exceedingly
difficult and costly to make to work with currents of high electro-
motive force. As pointed out further on, for any extended applica-
tion of power, the cost of conductors can only be cut down by
transmitting the current at high potential in the mains. To trans-
form this into a lower pressure is wasteful with the continuous
current, and expensive machines have to be employed to do it.
With the alternating system, however, the problem is a simple one,
It is well known that if two wires be placed side by side, not in
mechanical contact, and a current passed through one wire, a current
is developed in the second wire at the moment of starting or stopping
the current in the primary wire. It therefore becomes necessary, if
a permanent flow is to be produced in the second wire, that the
current in the primary wire must consist of a series of starts and
stops, which is actually what takes place in the alternating current
system. If the two coils of wire are of the same length, the
current in No. 2 will be the same as in No. 1, but if the relative
length of the wires in the two coils is varied, and the secondary coil
consists, comparatively speaking, of a few coils of a larger diameter
wire, while the primary coil is a large number of coils of a smaller
diameter wire, the current generated in the former will be feebler in
its voltage, but larger in its quantity, the variation being in the ratio
of the number of the coils of the primary and secondary windings.
There is, however, a loss of at least from 3 to 6 per cent. in trans-
forming down moderate quantities of power, and this, with the cost of
the transformers themselves, may, for short distance transmission,
make the cost of an alternating current plant larger than that of a
continuous current plant, although the cost of the cables is less.

Multiphase Current.—This type of machinery has already been
introduced into the collieries of Great Britain, and as it is apparently
suitable for mining work, a brief description may be of interest. So
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far as the author is aware, the first practical installation using this
type of machinery was put down for experimental purposes at the
Frankfort Exbibition in 1891, when 300 H.P. was transmitted a
distance of 100 miles. Since that date a very large amount of
machinery of this type, aggregating humdreds of thousands of horse-
power, has been installed in various parts of the world, notably on the
Continent of Europe and in America. Multiphase machinery is
consequently no new untried type of apparatus, but has long since
passed from the experimental to the practical stage.

It is, however, true that until comparatively recently no multiphase
plant has been put down in Great Britain. Apparently, however,
this delay was due neither to lack of knowledge nor lack of enterprise
ou the part of engineers, but solely to difficulties in connection with
patent rights, These difficulties have now been entirely overcome,
with the result that important installations of multiphase machinery
are now in daily operation in Great Britain. And further, these
installations are working in an entirely satisfactory manner.

In all direct current apparatus the electric current is supposed to
flow in one direction. In all alternating current apparatus the
current reverses its direction a given number of times per second,
the number of reversals being dependent upon the construction of the
machine and the speed at which it revolves.

In applying the ordinary alternating current to motive-power
purposes, the great difficulty has been in constructing a motor which
would be self-starting against its load, and it is apparently to over-
come this difficulty that multiphase machinery has been introduced.

Multiphase currents are in the first place alternating currents, and
up to the present for practical purposes only two-phase and three-phase
currents have been so employed. As the tendency among electrical
engineers seems to be more strongly in favour of three-phase than
two-phase currents, and further as the conditions obtaining in each
case are very similar, it will be better to confine the description to
three-phase machinery.

In a three-phase dynamo there are what may be termed three
separate and distinct alternating currents generated, but the machine
is so arranged that only three conducting wires are necessary to
convey the current to various motors and other current-consuming
devices.

The cycle of operations in an alternating current is as follows :—
Starting from zero, the pressure steadily rises to the maximum
voltage of the machine in the positive direction, and then at the
same rate descends to zero; it then gradually rises to the maximum
voltage, but in the negative direction, and again at an equal speed
returns to zero. This cycle is in practice termed a period, and an
ordinary sine curve actually describes this. In three-phase machines
three separate alternating currents are generated, each having its
own curve, but the curve of number two phase will commence some-
what later than number one, and number three curve the same
interval later than number two. From the mining engineer’s point
of view, however, this is not particularly important.

Three-phase generators are built by various reliable makers to suit
the conditions of actual requirements. Excepting in very small
machines the armature or current-carrying portion is always stationary,
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sn that no brushes or commutators are required, the field magnets
being arranged to revolve inside the armature. As no alternating
current dynamo is self exciting, it is necessary, in addition, to provide
a small direct current machine to furnish the necessary magnetising
power, the latter is usually obtained from a small dynamo coupled
direct to the main shaft of the generator, but if desired an exciting
dynamo cin be driven in any desired manner. For comparatively
small sizes not exceeding 500 H.P. the dynamos can be arranged for
driving either by ropes or belts, but in many cases, and more
particularly with large plants, it is better to have the dynamo
directly connected to the driving engine.

In cases where plant has been installed at a low voltage for
supplying a number of motors in the immediate vicinity of the
dynamo, it is & comparatively inexpensive matter to raise the pres-
sure of the circuit to any desired amount by transformers and convey
the power a considerable distance to an outlying motor, while should
there be any risk of shock to an inexperienced attendant, the pressure
can be again reduced by a small transformer to perfectly safe limits.

Three-phase motors can be divided into two classes—viz., short
circuited motors and motors fitted with slip rings. The former type
can only be built in comparatively small sizes—i.e., 10 to 15 H.P. as
a maximum. Slip ring motors can be built of any desired size. In
both cases, however, the motors consist of cylindrically-shaped steel

- castings, on the inner periphery of which are arranged the main coils
of the machine. These coils are stationary, and are the only parts of
the motor which carry current at the pressure of the circuit.

The revolving portion of the motor is acted upon by induction,
and only carries current at a low pressure. In the small or short
circuited motors, the ends of the windings of the revolving portion
are soldered up to brass rings, and this portion of the motor is not
connected in any way with the main supply of current from the
dynamo, nor with anything else. Cousequently in these motors the
revolving portion touches nothing but its two bearings.

In the larger or slip-ring motors, the ends of the wires from the
rotor, or revolving portion, are brought out and connected to three
brass slip rings on the motor spindles. Bearing on these rings are
three brushes connected to a suitable resistance box, so that the motor
can be started without undue shock or strain, and the speed regulated
if desired. In this type of machinery, those portions of the generators
and motors which carry the normal pressure of the circuit are sta-
tiopary, and, as may be expected under such circumstances, the
liability of the insulation of the machine to break down is reduced,
as it is a simpler matter to insulate a fixed coil than one which
revolves.

In the short circuited motors, as there are no collectors or con-
tacts of any description, it is, of course, impossible for any sparking
to arise.

In the larger motors, the brushes bear against slip rings at which
under no conditions of working does sparking occur, but should it be
desirable to completely enclose these brushes, it is a very easy matter
to do so. The motors will start against their load without the
slightest difficulty. The speed can be regulated within any desired
limits, but assuming that the driving engine is reasonably governed,
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it is absolvtely impossible for the motors to run above their normal
speed, even of the entire load is instantly thrown off. The motors
will also run in either direction with equal facility, and a three-phase
motor can be reversed much more rapidly than a direct current
motor.

The arrangements for wiring are very similar to what is employed
in ordinary continuous current work, except that three wires must
be led to each motor instead of two, but the combined area of the
three wires is only equal to the area of the two wires required for
doing similar work under similar conditions for a continuous current
installation.

As previously mentioned, the first practical trial of the multiphase
system was made at the Frankfort Exhibition in 1891, where a dynamo
at Lauffen, 108 miles away, produced three currents of different phases
at a pressure of 50 volts. These were transformed into three currents
of 17,000 volts, and conveyed along three wires, 3 inch diameter, to
the exhibition where they were re-transformed into 6o volts, and used
for lighting and the production of power. The efliciency of trans-
mission was 70 per cent.

In 1895, Mr. T. W. Sprague * described a successful coal cutting
experiment in West Virginia, where a three-phase motor at 550 volts
pressure at the dynamo, undercut 200 lineal feet of face 6 feet deep
in 10 hours. The motor was totally ironclad, aud was without either
commutator or brushes, the wearing parts being sinply the bearings
and pinion. A peculiarity of the three-phase type of motor was made
good use of in this application—viz,, its refusal, unlike a direct current
machine, to do more work than it can properly be called upon to
do. Heavy overloading with the former, either results in the arma-
ture burning out, or in a breakage of the weakest mechanical part of
the machinery, but with the three-phase motor the overstraining will
go on only to a predetermined point, when the motor will stop and
refuse to make further effort until the load becomes normal again.

A three-phase system at a pressure of 500 volts was put to work in
1896 for driving hauling machinery at Gottessegen Colliery,t under
stringent conditions imposed by the Prussian regulations for the
management of fiery mines, and has given complete satisfaction.

A small plant bas been put down by Mr. W. E. Garforth at
Normanton, and a much larger one by Messrs. Stone at Garswood,
near Wigan. As the latter is a fairly complete one, consisting of
eight motors and lighting arrangements, a short description of its
main features is given.

The generator is of the three-phase type, and of 120 B.H.P. wound
for 500 volts at a periodicity of 40, and runs at 400 revolutions per
minute. It is driven by a suitable number of cotton ropes direct
from the flywheel of the engine. The armature is fixed, and the
field magnets rotate inside the armature. As with all alternatina
current machines, a direct current exciter for energizing the field
magnets is required. This is of the four pole type, and is connected
direct to the spindle of the generator, and, of course, runs at the
same speed—viz., 400 revolutions. The exciter is wound for a pres-
sure of 60 to 8o volts, and, in addition to the usual commutator and

* Eng. and Min. Journ., July 20, 1893, Ix., 57.
t Coll. Guard, 1897, 1xxiv., 933. 525
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brushes of the exciter, there are two brass collecting rings attached
to the spindle of the machine and insulated therefrom. Carbon
brushes bearing on these rings convey the exciting current to the
field magnets. As the armature is stationary, the main current of
the machine is conveyed direct from terminals fixed on the top of
the machine to the main switchboard, and consequently no brushes
or contacts of any description are connected to any portion of the
generator carrying the 500 volts current, the only portion of the
machine—viz., the armature—carrying current at this pressure being
stationary.

The whole of the surface arrangements at the colliery, including
the screens, workshops, coal-washer, and the company’s offices, and,
in addition, the main roadways at each of the two pit bottoms are all
supplied with incandescent lamps of sufficient number and of various
sizes. In addition, there are four arc lamps for lighting the sidings
and yards, and also a number of motors. The necessary wiring
arrangements for lighting on the three-phase system are identical
with those for continuous current work, except that the lighting
should be divided into three approximately equal portions and con-
nected across different phases of the machine, but it is by no means
essential that this division should be mathematically exact, as no
difficulty arises if one phase carries more load than either of the
others.

About 30 H.P. is absorbed in the lighting arrangements above
mentioned.

As there is a pressure of 500 volts, the lamps about the colliery
proper are arranged two in series—z.e., two lamps of 250 volts each
in series on the 500-volt pressure.

Motors.—There are six motors driving three-throw pumps in
various parts of the mine, pumping water up to the shaft bottom.
All are completely enclosed, and are of the short circuited type—
that is, the windings on the revolving portions are soldered up direct
to internal brass rings, and consequently this portion of the machine
touches nothing but its two bearings. In addition to the six pump
motors, there is a 35 H.P. motor belted on to a small air compressor
which is used for furnishing power to coal-cutting machines of the
Ingersoll-Sergeant type. These machines are used for opening out
new workings in the mine, and the motor and air compressor will
be graduaily moved a considerable distance in the mine as the
workings extend.

Terms Used.—One of the difficulties the student has in under-
standing the question of the electrical transmission of power consists
in ignorance of the meaning of the terms used. The whole question
of electrical distribution has been illustrated by its analogy to
hydraulics. Supposing a pump is circulating water through a circuit
of pipes, every engineer understands the meaning of such terms as
pressure, gallons per minute, friction, &c., when applied to such a
current of water. If dynamo be substituted for pump, wire for pipes,
and electricity for water, the conception of the phenomena of electrical
transmission by a continuous current becomes clear. In dealing with
water, the pressure in lbs. per square inch, the number of gallons to
be delivered, and the friction of the pipes, has to be known; in elec-
tricity the pressure is spoken of as Electro-motive Force (usually written
E.M.F.), and is measured by volts, the quantity is called ampéres, and
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the friction is called resistance, and measured by okms. To obtain the
measure of electrical energy, the pressure (volts) is multiplied by the
quantity (ampéres), the product being volt-ampéres, called watts. One
watt = one volt x by one ampére, and 746 watts = one horse-power.
The following is a useful reference table of electrical expressions : —

A rate of doing work. A quantity of work.
1 ampere per sec. at one volt. 265428  foot-pounds.
7373 foot-pounds per second. One 608 mile-pounds.
One Watt 44288 foot-pounds per minute. Watt-Hour 1 ampadre hour x one volt.
265428  foot-pounds per hour. 00134 Horse-power-hour.
*5027 mile-pounds per hour. ris Horse-power-hour.
"00134 Horse-power. A quantity of work.
71y  Horse-powor. BoRe 11,980,000 foot pounds.
A rate of doing work. Power- 376°  mile-pounds.
One 787°3 foot-pounds per second. Hour 746  watt-hour.
Kilowatt Y 44238 foot-pounds per minute. 748 kilowatt-hour.
) 5027 mile-pounds per hour.
\ 1'34 Horse-power. One A quantity of current.
Am One ampare flowing for one hour,
A rate of doing work. pere- irrespective of the voltage.
One 650°  foot-pounds per second. Hour | watt-hour + volts.
Horse- 88000  foot-pounds per minute.
Power 375  mile-pounds per hour. Force moving in a circle.
er. 746" watts. Torque { A force of one pound at a radius of
746 kilowatt. one foot.

In hydraulics, the longer the pipes and the smaller their diameter,
the greater will be the loss in transmission ; so with electricity, the
longer the wire, and the smaller its diameter, the greater will be the
resistance and the loss. On the contrary, if the wire is shost and its
diameter large, no appreciable loss should (theoretically) result. The
resistances of a long length of wire may be so great that all the current
may be wasted in overcoming them, and none reach the points where
it is required to do work. In such a case, increase the size of the wire
and lessen its resistance. Copper is the metal generally used for
electrical conductors, and it is a costly one. The resistances in a long
length of wire may be so great that, to overcome them, a wire of so
large a diameter would have to be used, that its cost would be pro-
bibitive. One other alternative is open—to increase the E.M.F.
Electricians have from the first recognised the pressing necessity of
a current whose voltage is as high as possible, since the cost of copper
for line wire varies in the inverse ratio of the square of the voltage
employed. Thus, supposing 2000 lbs. of copper are required to transmit
a given quantity of power a certain distance, with a given percentage
of loss in the conductors, under an E.M.F. of 50 volts. 125 lbs. only
will be necessary if the E.M.F. is increased to 200 volts. For the
voltage having been increased four times, the cost of line wire will be
reduced sixteen times. A current of 20,000 volts can be produced ;
if it could be safely used, the cost of conductors could be reduced to a
minimum. This is the chief point with which the mining engineer is
directly concerned. Currents of high tension are dangerous; if the
circuit became broken, the current would leap the break, and produce
a spark which would ignite gas in a fiery mine; while if the current
were by any accidental means passed through the human body, death
would result. The colliery manager is, therefore, placed in a difficult
position ; he wishes to use high tension currents for the sake of
economy, and low tension ones for safety. From 500 to 700 volts is
generally considered the maximum E.M.F. for use in mines.

Means to Prevent Sparking.—The chief danger is feared from
the production of sparks, either at the brushes, or by the severance
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of the cable. The former is not only an element of danger, but,
unless attended to, the most destructive trouble found in dynamos and
mwotors. Its prevention depends in a great measure on the supervision
of the attendant, who must keep the commutator clean, and see that
the brushes are level and bear evenly, and not too heavily. The
position of the brushes on the commutator is an important factor.
Most machines have two marks, showing the position that the brushes
should occupy at no load and full load. In dynamos the brushes
should be moved forward in the direction of rotation as the load
comes on, while those of the motor require to be altered backwards.
Many manufacturers are, however, now supplying dynamos and
motors with a constant position for brushes at all loads.

Steel clad, or enclosed motors, have latterly been largely adopted
for general industrial purposes. These machines consist principally
of a cylindrical steel casting, on the inner periphery of which are fixed
the magnet coils, the armature bearings being carried by suitable pro-
Jections cast on, or on the brackets bolted to, the main casting. The
advantage claimed for such machines is freedom from mechanical in
jury, as all windings, armature, and brush gear are protected by the
main steel casting. To remove the probability of gas being ignited by
sparking at the brushes, similar machines are commonly employed, but
in such cases the motors are completely enclosed and all inspection doors
hermetically sealed, thus rendering the motor completely gas proof.

Messrs. Davis and Stokes have patented an arrangement * where
the brushes are placed inside the commutator, and also enclosed in
a casing; sparks take place inside the commmutator, and cannot get
through to explode the atmosphere outside. .

To prevent the breaking of the cable by falls of roof or sides, and
consequent sparking, the general method is to allow plenty of ¢ slack "
between the points of support, so that, if a weight falls, the slack is
drawn up, and the cable accommodates itself. To still further reduce
the probability of severance, the cables at Plymouth Colliery { are
protected by a double sheath of No. 8 steel wire on the outside of the
insulation, the first stranding being of 38 wires, and the second 36
wires, laid in reverse directions. As a result the cable is capable of
resisting heavy falls, its tensile strength being about 30 tons.

Mr. L. B. Atkinson introduced a safety cable,} constructed on
the following principles:—In Fig. 66 a a’' are the two poles of the
dynamo, and b b’ those of the motor or lamps. These are each con-
nected by two wires, a main conductor, ¢ ¢/, and a subsidiary conductor,
dd, whichil a8 they are of the
same length, carry current in g o
proportion to their area. Cut- "E:f ﬁ ] 8
outs (¢ ¢ and ff”), proportional
to the carrying capacity, are

arranged in each main and in ’ Z

each subsidiary conductor. If | &
the main conductor ¢ gets broken, e’ c’ *
and the subsidiary conductor d Fig. 66.

does not, no spark is produced,

a8 the circuit is still closed, but the whole current now passes through
the secondary wire, and at once melts its cut-out. A weight suspended
by the fuse then drops on to a switch, and the whole circuit is instantly

*® Ped. Inst., ii., 161. + Coll. Quard., 1891, lxii., 395. 1 Ibid., 1891, lxii., 525.
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disconnected. The cable consists of a close wound spiral of tinned
copper wire, braided over, but not heavily insulated. Over this is laid
a properly insulated stranded conductor of the required area. If the
cable be torn down, or broken by tension, this inner conductor ex-
tends to an indefinite extent.

In Westphalia the motors are generally without contacts for
receiving the current, the inductor being fixed and the revolving
armature being entirely composed of circuits closed upon themselves.
The starting switches are enclosed in hermetically closed cases which
must rest on the earth, while, in some cases, plate switches with a
bath of liquid are used instead of wire resistances. In some cases no
switches are used, but the generating machinery on the surface is
stopped and started by signals sent from the machinery underground.
Multiphase current machines are employed, and starting is effected
slowly by an independent exciting dynamo. In an underground
haulage plant on the main and tail rope system, the drums are
thrown in and out of gear and reversed by clutches, so that the
motor always runs in the same direction.

There are certain dangers attendant on the use of non-enclosed
fusible cut-outs in fiery mines. When the cut-out melts, a spark is
always given off, and an electric arc may be produced which wil
continue for some length of time, the intensity of the spark being
dependent on the tension of the current. Experiments at the Con-
solidation Oolliery, Westphalia, proved that a lead cut-out for a normal
current of 4 ampéres was in each case melted, causing ignition in a
fire-damp mixture by either an alternating or continuous current of
100 volts tension, while the high tension out-out for a current of only
085 ampére also caused ignition. To eliminate this danger, the cut-
outs should be enclosed in gas-tight iron boxes.

Efficiency.—The absolute efficiency of the ordinary means of
producing the electric current by a steam-driven dynamo is small, as
the electrical energy developed is only 6°4 per cent. of the energy
existing in the coal burnt under the boiler, and little advance is to be
hoped for so long as steam furnishes the motive power, as modern
dynamos and motors have already high efficiencies in themselves.
As electricity is so easily convertible into heat, it seems probable that
the direct conversion of heat into electricity, which has been possible
since 1823, but with a very low efficiency, may solve the question of
the cheap generation of electric current. It is not too much to say
that the discovery of a successful process with high efficiency will
revolutionise the generation and transmission of power.

A well-constructed dynamo of moderate power will transform into
electricity go per cent. of the energy put into it by the steam engine.
In many of the recently-erected plants the engine is coupled direct to
the dynamo, but although this practice has much to recommend it,
yet in power installations comprising several motors which are stopped
and started indiscriminately, it follows that the engine has to stand
the severe strains thereby induced. In such cases it appears preferable
to connect the dynamo and engine by rope belting, which takes up the
shock, but which occasions a loss of about 15 per cent. between the
engine and dynamo. The efficiency from the dynamo will therefore
be about 765 per cent., while a further loss of 10 per cent. is usually
allowed for in the conductors. Care must always be exercised that
the conductors in all cases are sufficiently large to carry the current,
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and the rule as to this which has been commonly accepted by almost
all Insurance Companies is, that the current density (or, in other
‘words, the number of ampéres flowing in any conductor) must not be
greater than the rate of 1000 ampéres per square inch sectional
area of copper. A simple calculation will show that to transmit
pewer from a dynamo to a point a thousand yards away with an
-electromotive force of 500 volts—that the cables calculated at the
above rate—viz., 1000 ampéres per square inch sectional area—will
give exactly 10 per cent. loss at this distance. Consequently, if the
distance is under roo0o yards at the same tension, the loss will be
proportionately less than 10 per cent., and for greater distances, using
the same rated cables, the loss will be proportionately greater. It
is, however, usual for distances over 1000 yards to use cables of
a larger size. This loss can be reduced by increasing the size of
the cables, but the better economical arrangement is obtained by
baving a definite relation between the cost of the cable and the
power lost in it. The interest on the difference between the cost of a
cable sufficiently large to give only 5 per cent. drop, and one allowing
10 per cent. may more than equal the cost of the energy lost by
adopting the latter size,

Motors have an efficiency of go per cent., but, as they run at high
speeds, gearing between them and the machinery is necessary, and a
further loss of 2o per cent. may be allowed for. Commencing, there-
fore, with 100 at the steam engine, only 85 is put into the dynamo,
which gives out 9o per cent.= 76'5. A loss of 10 per cent. in the
<ables gives 68-8 as reaching the motor, having an efficiency of go per
cent. = 6196, which is further reduced by zo per cent. in gearing
down to 49°57 per cent.

The smaller electrical mining installations, therefore, utilise about
the same percentage of useful effect as the best types of compressed air
plant, but the latter are rare. Large electrical machines give higher
-efficiency results. Electric plants cost less in the first instance, and
are worked at a lower rate. Their chief advantage consists in the
ease and rapidity with which they can be put down or altered. As
an instance of this fact, the author may state that at one of the
collieries under his charge an electric pump was put to work a mile
in-bye in six days from the time that the engine, dynamo, and stores
were delivered on to the ground.

POWER MACHINE DRILLS.—These machines impart to the
tool a reciprocating motion. They consist of a cylinder and piston, to
the rod of which is attached a drill. The requirements of a good
machine are that it should be of simple and strong construction,
occupy little space, be easily handled, and, above all, the wearing parts
should not only be easy of access, but easily replaced when broken.
As all the work of the drill is done during the forward stroke, while
in the return only the weight of the tool and friction of the machine
have to be overcome, the piston is reduced in area on one side. In
order to bore a round hole the tool is partly rotated after each stroke,
and as the hole deepens means are provided for moving the machine
forward, so that each blow is delivered with full force. Numerous
attempts have been made to perform the feed automatically, but,
although success has attended these efforts, the machines become much
‘more complicated. With an automatic feed the advance is regular,
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while often, owing to the varying nature of the ground, it is required
to be anything but regular—sometimes faster, sometimes slower.
Then, again, men have to be kept to look after drills while they are
working, and may just as well employ themselves in feeding forward
the tool to the best advantage as to stand by and do nothing. In the
old type of machine drills the piston was made to admit and cut off
the admission of air into the cylinder by striking tappets attached to
a valve, and although these parts were made as light as possible, yet
for every stroke of the drill two blows were struck, with the result
that the parts were rapidly worn away, numerous breakages occurred,
and the expense of maintenance became very great. In many modern
power drills the use of tappets has been abandoned, and what are
known as steam (air) moved valves are adopted ; their construction is
therefore more simple, as the machine only.consists of two moving
parts. In some types a further simplification has been carried out;
by means of suitable ports and openings in the cylinder the piston
is made to admit and cut off steam by its own movement. They then
consist of only one moving part, and that the piston itself.

It would be quite impossible to give a description here of even the
majority of good machines that exist, so well-known representatives
of the two main types have been selected for illustrating the way in
which they work.

The Ingersoll Rock-drill.—The cylinder A (Fig. 67) has
admission ports, P P', and exhaust port, E, and also two open passages,
F F, connected direct with the exhaust port through the small
passages, D D', so that if there were nothing in the cylinder to close
D D/, each end of the valve would be open to the exhaust. The

Fig. 67.

piston B has, however, a movement from X to Y, and is provided
with an annular space or chamber, S 8', whose length is such that it can
never be open to both the passages at D D’ at the same time. The
valve Cis spool-shaped and travels on the guide-pin T. In the bottom of
the steam chest are two passages crossing each other, which connect
R with D’, and R’ with D. In the illustration the drill is ready to
dekiver a blow.  Air is admitted at O, and fills the spaces N N’ and
R’.  As R'is connected with D, which is closed by the piston, no
outlet is possible. R is connected to D, and is open to the atmosphere
through the annular space S and passage F'. No motion of the valve
therefore takes place until the piston moves. Air passes from N
through P’ to the back of the piston at M, and drives it forward ; the
exhaust passage S 8’ approaches D, and when the distance D D’ is
traversed is open to it. At the same instant D’ is shut off by the
back end of the piston, D is suddenly opened to the atmosphere, and
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the chamber R’ being connected with it is exhausted. The air around
the valve rushes towards this opening, carrying the valve with it.
Thus the valve is reversed, the machine exhausts, and the motion of
the piston also reversed. )

The Optimus Rock-drill.—In order to economise the consump-
tion of air, and to provide better cushioning for the piston at each
backward stroke, the air used in the forward stroke to deliver the
blow has been utilised in the Optimus compound drill for making the
backward stroke also. When the subsidiary piston e and valve f are
in the position shown in Fig. 68, the cylinder a is in communication

Fig. 68.

‘with air at full pressure through the passage b, while cylinder a4’ is in
communication with the atmosphere through the ports m and 4. The
Piston ¢ consequently moves forwards and uncovers the small port d,
allowing compressed air to pass to the back of the valve piston r and
to move it to the right, because the area of » is greater than that of
¢, while in addition the back of e is in communication, with the
atmosphere through the passage n. When the valve f moves over, it
cuts off the supply of air from the compressor, and places cylinders a
and @’ in communication through the ports 5 and n. As the area of
piston g is greater than c, the air used in the forward stroke n)>w
drives the piston backward, but immediately ¢ passes the port d the
c{linder ris placed in communication with the atmosphere through
the ports d and A, and the constant pressure acting on the piston
valve ¢ at  moves the valve fover to its original position ; air again
enters the cylinder a and the action is repeated.

The Adelaide Rock-drill.—This contains only one moving part,
the piston, in this respect resembling the Darlington drill invented in
1873, but possessing an advantage over that type, as the air is used

Fig. 69.

expansively and the consumption reduced. It will be seen from Fig.
69 that the one moving part (the piston C) works in a cylinder having
ports and passages so arranged that the air or steam is automatically
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cut off and admitted by the piston itself. Air is admitted through am
annular port, A, by which means the pressure is equalised on all sides
of the piston-rod, and unequal wear avoided. The exhaust takes place
through port B. The piston-rod is hollow, and small ports through
the piston head allow free communication between the back end of
the cylinder and the interior of the piston-rod; the front end of the
piston is of smaller area than the back end. As illustrated, the piston
is just completing its forward stroke.

The piston acts as a valve, for as soon as it reaches B free com-
munication is opened with the atmosphere, and exhaust takes place,.
not only here, but also through B’, which has by this time passed
outside the cylinder cover. The inlet aperture A, being always in
free connection with the air receiver, the pressure now acts on the
small area at the front of the piston, and drives it backward, until
such time as this part also is brought in connection with the exhaust ;.
at the same moment as this takes place, B’ comes opposite A, com-
pressed air enters through the hollow rod C, passes into the back end.
of the piston, and drives the drill rapidly forward against the rock.
Admission takes place during half the :troke, the air working ex-
pansively for the second part.

The object of discharging a portion of the exhaust at the gland, or
working end, is of great practical importance, as by this simple device-
all the fine dust which falls on the machine when d:illing uphill holes-
is blown away from the piston-rod, and the wear and tear of the rod
and gland from this cause is entirely avoided.

The means employed to rotate the tool are the same as those
adopted in all modern drills. A spiral or rifled bar, D, having three
grooves, is fitted at its head with a ratchet wheel, E, which is recessed
into the cover of the cylinder. Two detents, also fixed in the cylinder
cover, are forced by small springs to engage with the teeth E. The
grooves in the spiral bar accurately fit into corresponding projections-
on the recess in the piston-rod, and hence, through the action of the
detents, the piston turns the bar during the out-stroke, but in the in-
stroke the bar turns the piston, and the tool assumes a new position
for the delivery of the next blow.

Brandt’s Drill.—This machine is of an entirely different
character to any others. It consists of a hollow steel drill,
fastened to a head-piece, which is again fastened to a cylinder, and
rotated by means of worm-gearing from two water-power engines,
driven by hydraulic pressure. The stone is neither powdered, as
with percussive borers, nor worn away, as with diamond drills, but is
broken in the path of tool into small pieces, and a core formed in the
centre. The water under pressure not only rotates the drill and
presses it against the face of the rock, but keeps the hole clean and
free from débris. By opening a valve, water is conveyed to the front
of the revolving piston, so that the drill can be drawn out of the hole
when required. The drill itself is of conical shape, with the base
turned towards the rock. It is furnished with four cutting edges, two
arranged in the outer circumference of the annulus, one set directly to
the front, and the other outwards, while the other two edges are
arranged on the inner circumference, directly ahead of the other
towards the inside, thereby reducing the core.

At Shamrock Colliery, Westphalia,* this drill was employed

® For. Abs. N.E.I., xxxvii., 34.
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several years driving a drift 5000 feet long, the water being obtained
trom behind tubbing, and conveyed in pipes 24 inches diameter. Two
drills were worked, and a ventilator driven by a turbine. Three sets
of holes, 2§ inches diameter and from 4 feet to 4} feet long, were drilled
and fired in each 24 hours, each set occupying about 2z hours. Each
drilling machine used about 1 cubic foot ot water per minute. With
hand-drilling in sandy shale and sandstone, the average speed was
17 inches per day, at a cost of 18s. 6d. per foot. With the machine in
similar strata, the average speed was 64 feet per day, at a cost of 29s. 6d.
per foot. An elaborate series of experiments have been carried out at
Beihilfe Mine, near Freiberg,* on the power, effect, cost, and wages
earned, by driving with Brandt’s, compressed air, and hand-drills ; the
three systems being simultaneously employed in three levels, with six
men in three eight-hour shifts per day. Taking the diameter of
the hand-drilled holes as unity, the ratio of the sizes of the holes
with the compressed air, and Brandt’s drills, were respectively as
I:2'44:805, and the power necessary to drive them as 1 : 3:26 : 8-04.
The useful effect of the compressed-air drills was 25 per cent., while the
hydraulic ones had a duty of only 85 per cent. The speed of driving
by hand was o0'774 feet per man per shift ; by compressed air drills, *423
foot per man per shift; while Brandt’s drill advanced 472 foot per
man per shift. This machine, which was successfully employed on
the Mont Cenis, St. Gothard, and Simplon tunnels, can only be used
in situations where water is easily got rid of. As a rule, mining
engineers have quite enough difficulty in dealing with water already
in mines without introducing any more.

Rotary Power Drills.—Several rotary drills for coal work are
now on the market. They consist of a small electric or compressed
air motor, connected by suitable gearing to an auger-shaped drill
Including supports, the weight is about 150 lbs., which is well within
the compass of one man to move about, although it is found that a
man and a helper will do better work than one man alone. Indeed,
the rapidity of drilling is so great that it takes the greater part of one
man’s time to attend to the feed mechanism and the augers, while the
other man is arranging and picking the places for the holes. The
machines vary from 3 to 4 horse-power for soft to hard coal, and a
hole 6 feet deep has been drilled in one minute.

Grant's Drill.—This machine is of stronger construction, and has
been designed for drilling in coal measures. It consists of (1) the
drilling machine proper, (2) the column, (3) the telescopic shatt for
transmitting power from the motor to the drill, and (4) the electric
motor. It is a rotary machine, and has a specially strong thrust
bearing of the conical roller type built for a working pressure of
6 tons. All parts are entirely enclosed and work in oil. The drills
are of the twist pattern. The column consists of a weldless steel tube
with a malleable iron foot and two jack screws of the usual type. It
carries a short horizontal arm, free to move up and down or to be
rotated, and to this is fixed a slide block, to which in turn the drilling
machine is secured. The telescopic shaft which connects the motor
to the drill consists of a steel tube with two solid shafts sliding in it,
each shaft being fitted with a special universal joint and automatic
coupling for attaching to the motor and machine generally. The

* 1bid., xxxi., 45.
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motor may be of any type of 4 H.P. Tts base is a revolving turn-
table, and it is also mounted on trunnions cast in one with the turn-
table, so that it can be tilted at any angle.

Supports.—The supports upon which a drill was carried were
originally either a rigid framework of clumsy construction, introduced
with difficulty into narrow and uneven rock ex-
cavations, or a heavy carriage moving on rails, the
latter, although carrying several machines, re-
quiring that the road should be clear of débris
before the drills could be set to work. The modern
form consists of a vertical column (a, Fig. 70)
resting on a base, in which lengthening screws are
provided. By this means the necessary breadth
of base is obtained to give stability to the column,
and to permit the mounting on it of a swinging
arm, b, upon which the drill is attached. This
arrangement allows the drill to be used upon all
sides of the column for drilling holes inclined in
any direction. Bars are passed through the holes
cc in the top of the lengthening screws, and pre-
vent them from becoming loosened by vibration.
With a stretcher bar, drilling can be recommenced
immediately after blasting, as the drill and column
can be separately carried over the débris. With

Fig. 70. such a support, the machine is adjustable in all
directions. It may be shifted sideways on the

arm, raised and lowered on the column, and, by first tightening the
«lamp d, the arm and machine may be bodily swung round the column.

Instead of attaching the drill to the clamp through a centre bolt,

the Rand Drill Qo. have designed an arrangement (Fig. 71) in which
the foot of the shell carrying the drill is
made of a cone shape, and grasped by a
hooked bolt, b, which is distinct from the
bolts binding the clamp to the arm. If a
similar clamp is attached to a tripod, the
drill can be changed from one support to
the other with little labour, and without
disconnecting the feed-screw and removing
the machine from its guides, which has to
be done with the old arrangement.
Where the length of the stretcher bar
Fig. 71. exceeds 8 feet, an objectionable vibration
is set up, and, in high places, drills have
to be mounted upon tripods. These consist of a light, steel frame,
generally consisting of three cylindrical telescopic legs, fastened into
sockets in the top, and kept in position by having weights hung upon
them when the tripod is in place. By means of the telescopic
arrangement and special socket-joints, the tripod may be adjusted
into any position and adapted to the most uneven surface.

Electric Percussive Drills.—The difficulty in constructing a
percussive electrical drill has been partly overcome by employing
the principle of the solenoid. A solenoid consists of insulated copper
wire coiled in the form of a spiral, but the iron core is movable




BREAKING GROUND. 73

instead of fixed, as in the case of an ordinary electro magnet. When
a current passes, it has the same power of attraction as a magnet,
-and the iron core is drawn up to about the central point.

In the Marvin drill,* two solenoids are placed against each other,
end to end, and a plunger plays freely from the centre of these
solenoids. The whole is placed in a boiler tube casing, having a
spiral spring in the back part. The plunger is composed of a central
portion made of wrought iron, and a forward and backward portion
made of aluminium bronze, all rigidly connected together. The
generator furnishing the current is of the simplest kind, so that the
polarity of the wires is reversed at each half revolution of the arma-
ture, with the result that through the action of this current on the
solenoids a reciprocating action of the plunger is obtained, as first one
and then the other solenoid attracts it, and pulls it in opposite direc-
tions. About 6oo blows per minute is found to be the best speed.
The object of the spiral spring is to store up the energy of the back
stroke, and return it in the forward stroke, helping the magnetic
impulse, and greatly assisting the strength of the blow.

In a trial made in the hard granite of Quincy Quarries,t a hole,
1} inch diameter was drilled at an average rate of 2§ inches per
minute, with an expenditure of less than 4 H.P. delivered to the
generator. The chief features, however, were the extreme ease with
which the power could be transmitted from the generating station,
and the great simplicity of the drill itself. ~For the purpose of
-exhibiting the ease with which the drill could be taken to pieces,
and defective parts replaced by others, it was several times opened
and entirely taken apart, the time required for this being less than
three-quarters of an hour.

The Engineering and Mining Journal? states that the results
obtained from the machines in practice are unsatisfactory, as not only
-are they of faulty construction, but they present a more serious
trouble—viz., the heating of the solenoids and piston. The heating
of the solenoids seems to be due to the rapid reversing of the electric
current through their coils, and this not only means loss of efficiency,
but is often so intense as to make the drill objectionable in a small
heading. An installation of these machines was made at Lake City,
Colorado, in 1891, but after experiments they were withdrawn owing
to the objectionable heating, unsoldering of connections, and breaking
of drill chucks, due to the crystallisation of the bronze of which they
were made. These defects may be remedied by better electrical and
mechanical design of solenoids and connections, and the adoption of
-an all steel plunger and chuck. Two plants were installed in mines
in the Rocky Mountains in 1896, but particulars of the result of the
-experiments are not given.§

In the Bladray electric drill|| a cylindrical cam, formed with a
spiral surface, is attached to the drill shaft in combination with an
electric motor to which a similar cylindrical cam is affixed. The cam
attached to the drill shaft is connected with a spiral spring which
imparts the requisite percussive action to the drilling bar immediatel
the cam reaches the limit of its throw. The feed of the drill and the

* Eng. and Min. Journ., 1891, li., 600. t1bid., 1891, li., 400.
1 Ibid., 1891, lii., 720. § Amer, Inst, M K., xxvi., 416.
| Coll. Guard., 1897, Ixxiv., 964. .
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rotation of the cutter toul are almost identical with those of ordinary
rock drills. The motor is of the polyphase type. The machine has a
stroke of 3 inches, and in a trial at Johannesburg is said to have
delivered 700 blows a minute, each of 400 lbs., with an expenditure
of 2'04 horse-power at the engine driving the dynamo. It has not
been adopted in practice.

In the Meisoner drill,* introduced by Siemens and Halske, the
electric motor is separate from the drill itself and can be transported
separately, the connection between motor and drill being made by a
flexible shaft. This flexible shaft is connected through bevel wheel
gearing to the shaft operating the drill which imparts a reciprocating
action to the plunger. On the same shaft is keyed a small flywheel.
The combination of the flexible shaft, the wheel gearing which reduces
the speed, and the flywheel prevents recoil on the gear, and allows
the use of an electric motor of the highest speed and efficiency.

Forms of Bit.—The first form of bit for machine drills was that
of a chisel, shaped from the end of a round, or more generally octagonal,
section steel bar. The edge of the chisel is usually rounded or convex,
while the angle of the cutting edge varies from 60° to 100° according
to the hardness of the rock, the most common angle being go°. The
bit is usually made half as wide again as the diameter of the shank
to enable the tool to clear itself, but the projecting ends are made
smaller when the rock increases in hardness. In order, however, to
obtain more striking surface, two chisel edges crossing each other at
right angles were tried. This did the work better, but as the hole
got deep, ready escape of the débris was prevented, as the tool nearly
filled the hole. To remove this difficulty, the two chisels were made
to cross each other on a slope, forming a tool like the letter X, which
is the shape now generally adopted. Bits like the letter Z have been
tried with most satisfactory results, so far as the efficiency of the
boring is concerned, but the difficulty of sharpening them prevents
their general application. For making and dressing the drill bits,
a set of tools called ‘“swages” are employed. These are like moulds
shaped to the form of the bits required.

It is of the utmost importance that drills should be quickly and
properly sharpened. An expert smith and striker may in favourable
cases sharpen and temper as many as 3o chisel bits in an hour, but
at large mines when hard rocks are met with, a field is open for the
introduction of sharpening machines. Several are on the market, and
the history of the nine British patents relating to the invention of
these machines and the manner in which they perform their work
have been fully described and illustrated in the Colliery Guardian, of
Dec. gth, 1898, vol. Ixxvi., p. 1060.

Use of Water in Boring Holes.—Experience has proved thatebg
using water in the holes the speed of drilling is considerably increased,
and such is always done in drilling down-hill holes. With up-hill
holes, water cannot be employed with ordinary means. Messrs.
Dubois and Frangois exhibited at the Paris Exhibition in 1889 a
device which overcame the difficulty. A small copper pipe is fixed
in a groove extending throughout the length of the drilling bit, and
is connected by a small flexible tube to a tank fitted to the back of
the piston-rod, but prevented by suitable means from rotating with it.

* Eng. and Min. Journ., 1898, lxvi., 759.
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With each stroke of the piston, water is thrown on to the place where
the cutting edge strikes, the bottom of the hole is always kept clear,
and the full effect of the blow from the drill is obtained ; the deeper
the hole, the greater the effect.

A good automatic injection reduces the time occupied in drilling a
hole, and effects a saving in motive power, maintenance, and lubrica-
tion, because for a given advance the number of blows struck is less.
The latter part of the hole is drilled as quickly as the first portion,
and the saving in time amounts to two-thirds.*

The Rand Drill Co.t obtain similar results by using a hollow drill
bar formed of a steel tube to which are fastened movable steel points.
These are shaped like the regular X bit, and are supplied at such
a low rate as not to be worth sharpening when dulled. They are
pressed on to the drill bar by a special machine, and do not come
off while in operation if proper care has been exercised. The current
of air which is allowed to pass through the piston and drill bit, when
the machine is making its forward stroke, allows the drill point to
strike on the solid rock each time.

The Leyner drill employed at the Newhouse Tunnel, Colorado,
also used water injection through a hollow bit, which not only
removes the débris, but keeps the bit cool and in temper. It is
stated } that the amount driven increased 20 feet in the first month
this improvement was applied.

Cost of Machine and Hand Drilling.—For two years at Rams-
beck lead mines § careful comparisons have been made between the
cost of driving levels by hand and by machines. The strata consist
of hard schists and greywacke. With hand boring, the average speed
of driving double tramway roads was found to be g feet 1o inches
per montb, while with machines it was 35 feet. The saving, taking
economy and speed into account, was 304 per cent.

Saving in money by using machine drills, . . £116 14 §
’ . per yard driven, . . . 111 3
» ' per cent., . . . . . 206

Interest on capital and amortisement was taken at 13 per cent.
Repairs to drills amounted to 1049 per cent. of the working cost.

Experiments bave been conducted at the Rammelsberg Mine in
the Hartz,|| where six types of machine drills have been tried for
several years. The saving was 2s. 3-89d. per ton of ore won in favour
of machine as compared with hand drilling, including all costs, during
the year 1880-81. The saving in favour of machine drilling for the
years 1877, 1878, and 1879 was 10°39d., 18. ‘07d., and 1s. 5°2d. per ton
respectively, which shows a progressive increase, probably due to
improvements in the machines and training of the men.

The following figures relating to the Vosberg Tunnel, U.S.A.,9
show the difference in the speed of machine drilling compared with

band :—

* Soc. Ind. Msn., vii., 3e Série, 393.

t Eng. and Min. Journ., 1893, lvi., 238.

$ Ibid., 1902, Ixxiii., §53.

;For. Abs. N.E.I., xxxi., 24. It Ibid., xxxii., 43.
The Vosberg Tunnel, Leo von Rosenberg (New York, 1887), 26,
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East End. West End.
Length. Excavatfon. Length. Excavation.
(ft.) (cub. yds.) (ft.) (cub. yds.)
Hand drilling, . . 60°81 537°50 6573 41962
Machine drilling, . . 181°11 1069°27 13863 1095°77

Average for hand drilling, both ends, 63°27 feet, for machine drilling, 159'87
feet ; a gain in speed equal to 152°7 per cent,

COAL CUTTING BY MACHINERY.—Under suitable con-
ditions, coal can be holed much cheaper by machinery than by hand,
except, probably, when wages are low. The great advantage, how-
ever, is that less small coal is produced, as with the pick a man, to
under-cut a certain distance, has to remove enough height at the face
to get his arms in. To a certain extent, machines cannot well be used
in old mines, the work requiring to be specially laid out for them.
Their success depends in a great measure on personal organisation and
superintendence of the officials in charge of the operation. Many of
the failures can be accounted for in this way. Only by attention to
the details of filling and hauling the coal away from the face can the
machines be worked with that regularity which will make them pay.
In mining with the pick, the men themselves look after their tools,
but when machines are employed considerable extra attention devolves
upon the management, as the machines have to be kept in order,
duplicate parts provided in the stores, hose pipes maintained in good
condition, and every detail carefully attended to.

The chief advantage of machine mining, apart from the reduction
in the cost of under-cutting, results from the increased production
from a given length of working face with the employment of a smaller
number of men. A smaller length of roadways and face have thus
to be constructed and kept in repair for any given output. New
collieries can be developed more rapidly, and becomne remunerative
long before they would do if developed by hand labour. The dis-
advantage is the additional capital required at a time when the mine
is being opened and not paying. With a good roof requiring little
timber, machines are used with a considerable amount of success, but
in a tender coal the roof is crushed down upon them, or supports
have to be set near the face. These get in the way of a machine,
which cannot move round them like a collier. Indeed, a fairly strong
roof i8 a sine qua non, because machines not only require more room
between the wall face and the packing than a miner, but make so
much noise when at work as to prevent the attendants hearing the
preliminary warning sounds that the roof generally gives before it
breaks down. In order to minimise this risk, it is usual to moment-
arily stop the machine at short intervals to listen for any sound of
the weightening of the roof.

The many different types employed, which often only vary from
each other in detail, may be divided into (a) the circular-saw class,
(b) the band-saw class, (c) the percussive, and (d) the bar type.
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Machines worked by Compressed Air.—Gillott and Copley'’s
is a re tative of the circular-saw type. The cutter wheel is a
malleable-iron disc, 4 feet diameter, furnished on its outer periphery
with a series of chisels, these being of two kinds, single and double,
placed alternately. Power is supplied by an engine having cylinders
9 inches diameter by 10 inches stroke, geared down about 5 to 1.
The machine is drawn forward by a wire rope, which is attached to
the hook (a, Fig. 72), then passed round a pulley at the end of the
face, and finally brought to, and coiled on, the drum & by the action
of a ratchet-wheel and pawl, which can be so regulated that either
one or more teeth are taken at a time, thereby allowing the machine
to be fed slower if the under-cutting is hard. This machine cuts from
back to front, and brings its débris out, if the cut is above the floor.

Fig. 72.

Rigg and Meiklejohn’s machine also cuts like & circular saw, but.
with this advantage—it holes into the face on the underside of the
sleepers ; or, in other words, flush with the bottom of the coal. It
can be employed in the thinnest seams, as its height is only 16 inches.
It is provided with four adjustable screws, one on each corner, by
means of which the cutters can be made to work at any angle, and
the axle-boxes are also adjustable to allow the machines to progress
at any angle, irrespective of the level of the rails. It revolves, how-
ever, from front to back, and carries the débris into the cut, requiring
the services of an assistant to clean it out. The cut can be made
alternately in opposite directions.

Diamond Coal Cutter.—An experience of over fifteen years with
many types of machines induced Mr. W. E. Garforth to design the special.

Fig. 73.
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form illustrated in Fig. 73, which possesses several novel features. It
makes the deepest cut of any rotary wheel machine (from 54 to 6 feet),
and also the highest, the cut in exceptional cases being as much as ¢
inches, although 54 inches is the usual one. This leaves such a spave
below the coal that, when the timber is withdrawn, the leverage due
to the depth breaks off the coal at the back of the holing. The cutter
wheel is made in halves to facilitate transport, and is provided with
detachable cutter boxes, somewhat similar to a tool holder, which give
a certain amount of rigidity to the cutters, prevent them getting
broken off, and enable a complete set to be changed in five minutes.
Two cylinders, each g} inches diameter by 9 inches stroke, are em-
ployed for driving the cutting disc, the necessary rotary motion being
transmitted to the rack on the cutter wheel through gearing in the
proportion of 22 to 1. In order to balance the entire machine, the
cylinders are placed at either end of the framework. By fitting on
an extra pair of axles and wheels and turning over the machine, it
can be made to cut at any desired height. From February 12th,
1897, to March 1rth, 1897, a machine cut 3014 lineal yards in
.42 shifts of eight hours each, including everything. There can be
little doubt from the results given below that the introduction of
this machine marks a distinct advance in the problem of successful
" machine mining.

The Jeffrey Long-wall machine of the disc wheel type possesses
some novel features. In common with all long-wall machines it is
self-propelling, but the rate of feed is adjustable whilst at work,
and can be started or stopped without stopping the machine. The
cutting wheel may be tilted up or down by turning a handle, so
that obstacles may be ridden over or an uneven floor followed.
One rail only is employed on which the machine runs, there being
two wheels—one in the front and one in the rear of the machine—
the rail being held in place by jacks. An idler wheel is provided at
the front end, which takes the side thrust of the machine due to the
pull from the cutting wheel. The feed is so arranged that the machine
will cut at three speeds, the highest being 25 inches per minute,
medium 16 inches, and the slowest 8 inches per minute.

Baird’s machine represents the band-saw type. The cutters are
of various shapes, and are mounted on an endless chain, carried by a
jib which projects beneath the coal from 3 feet up to 5 feet as required.
Motion is given by an 8-inch cylinder by r12-inch stroke engine,
through gearing to a cylindrical shaft in the centre of the machine.
On the bottom of this shaft is a cam, or sprocket wheel, which drives
the chain carrying the cutter teeth. As this chain has to be carried
over the top of the rails, the machine cannot undercut in the bottom
of the seam unless the floor is taken up. The difficulty is got over to
a certain extent by canting the machine when at work.

The Mitchell machine of American design belongs to the chain type
of cutter for longwall work, and consists of a bar of hardened tool
steel projecting at right angles from the framework carrying the
driving engines. This bar carries the chain having cutters fixed in
the links, and the whole is so arranged that the depth of the cut can
be regulated from 3 to 6 feet. Motion is transmitted to the chain by
means of spur and bevel wheels, the gearing running in oil.
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Harrison's machine, which is largely employed in the United
States, consists of a percussion drill which chips away the coal. A
broad pick bit is secured to the end of the piston-rod of a small cylin-
der mounted on wheels. The cutting tool is chisel-shaped, with a
triangular slit in its face. To perform the undercut, two boards,
6 feet by 3 feet, are laid on the floor close to the face and slightly
inclined towards it. The machine, mounted on 14-inch wheels, is run
on these boards, air turned on, and the face attacked at the angle
shown in Fig. 74. The machine is balanced on the wheels, and the
operator, lying behind it, sprags the wheels with his feet, keeps the
machine up to its work, and by means of the handles swings it about
and regulates the direction of the blow.

Machines of a similar type have often been designed, but the
violent shock against the rear head of the cylinder, when the piston
made its backward move-
ment, not only made it im-
possible to keep them to their
work, but broke them to
pieces. India-rubber cushions
are not sufficient remedy for
thisevil. Here the difficulty
is surmounted by interpos-
ing between the piston and
cylinder head an air cushion
of adjustable pressure, and,
it addition, the valves are so arranged that the rebound of the pick
actually aids in moving them. Prof. Wheeler* states that it takes
about six minutes to shift the boards, one and a-half minutes to
change the bit, and sixteen minutes to cut 4 feet wide by 4 feet deep.
To disconnect load up the outfit on a truck and remove to the next
place, unload and start to work again, takes about twenty minutes.
The cutting capacity is found to be between 60 and 70 lineal feet per
ten hours shift, with an air pressure of 8o lbs., the average for six
machines for a month being 63-8 feet. A Harrison machine weighs
only 700 lbs. and costs about £120. The cost per day for power,
repairs, interest, and depreciation, is put at 3d. per ton.

The Ingersoll-Sergeant machine is similar in general appearance to
the Harrison, but is furnished with an air-moved valve like their
drills. It is claimed to be simpler in construction, to be more under
control, to deliver a harder blow, and to be more economical in air
than the Harrison.

The Yoch machine is of the same type as the Harrison or Ingersoll,
and, although 400 lbs. heavier than either, is considered by Mr. W.
Blakemore t to be as easy to steer, having larger cylinders, being
stronger and somewhat more compact, to strike a harder blow, less
liable to get out of order, and to work with less vibration. He adds}
that two years' further experience with the three machines confirms
this view, and that for seams where nodules of pyrites or hard stones
are to be met with in the holing, percussive machines were to be pre-
ferred to any other type, as the intelligence of the workman could

* School of Mines Quarterly, New York, ix., 308.
+ Fed. Inst., xi., 193. 1 Ibid., xiii., 490.
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direct every blow, the slightest twist of the handles at the rear
causing a corresponding deflection of the pick. In this way, the
operator could cut all round the obstruction, and finally remove it
without serious damage.

German Machines.—Several types of percussive machines are used
in the inclined seams of the Westphalian coalfield, differing little in
construction from rock drills except in the method of attaching them
to the stand and in the shape of the cutting tool. In addition to an
adjustable sleeve or collar gripping the upright of the stand, the
connecting device is arranged so that the cutting machine may be
rotated and the tool describe an arc. In this way the cut can be
made in any desired direction. The width of the cut averages 3 to
5 inches, and a depth of 10 feet can he made, although from 6 to 8
ieet seems more preferable. The breadth of the cut seldom exceeds
10 feet, so that in wide stalls the machines require re-setting several
times.

The Jeffrey pillar and stall coal-cutter consists of a bed frame,
occupying a space about 2 feet wide by 7 feet 6 inches long, composed
of two steel channel bars, the top plates on each forming racks with
the teeth downwards, into which the feed wheels of the sliding frame
engage. On the rear end of the latter is mounted a pair of 5-inch by
53-inch engines, or an electric motor, from which power is transmitted
through straight gear and worm wheels to the rack, which feeds the
sliding frame forward. In the later machines, an endless chain carries

O.l oa

°

Fig. 75.

cutting knives, which work around a triangular-shaped cutter head.
Two advantages are thus secured :—Only three wheels are required
to guide the chain—viz, two in the cutter head and the sprocket
wheel for conveying power, while the sliding frame is contained
wholly, with the exception of the cutter head, within the stationary
bed frame, insuring perfect protection to persons working around the
machine. All the cutting tools are interchangeable, but are set at
varying angles in sockets forming part of the chain, as shown in
Fig. 75s. While the machine is making its cut it is firmly held in
position by two screw-jacks, one at the back and the other at the
front.

In this machine the cut is parallel to the face, or in the same
direction as the miner works, while in the others it is at right angles.
When the cut has reached the required depth, usually about 5 feet,
the cutter chain is thrown out of gear and withdrawn, the machine
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moved sideways along the face over the width of the groove, and
another cut made. This gets over two disadvantages—(a) the im-
ability of most coal-cutters to work in stalls where the props are
set at short intervals, since so long as the distance between them is
not less than 34 feet, this machine can easily be placed in position ;
(b) the irregular holing generally produced when the floor of the
seam is undulating. Rotary wheel machines must cut a straight
groove ; this one can follow any variation in the floor which takes
place within its width.

By arranging the cutter frame at right angles to the floor, a modi-
fication of this machine has been introduced for shearing a vertical
groove from the top to the bottom of any bed of coal. The method of
using such a machine is to place it in position on the floor at the
working face, adjust jacks under it, and raise it to the roof. After the
first cut has been made at the top, the machine is lowered a distance
equal to the height of the groove, and is then in position to cut again.

The chain form of this machine takes less power to drive than the
bar type, but both labour under the disadvantage of being large and
heavy, and expensive to move about from one place to another. After
the first cut under has been made, it takes about twenty minutes to
move the machine sideways and fix it in position for the second cut.

Machines Driven by Electricity. —Although machines generally
under-cut coal cheaper than manual labour, the difficulty of driving
them by compressed air nullifies the advantages to a certain extent,
even where favourable conditions exist. The cost of installing com-
pressed air is considerable, and its transmission to the face presents
difficulties ; not only are the pipes expensive, but the cost of labour
in laying them is large. If the pipes are carried along the sides of
the road on supports, any fall of roof or sides will break them ; while
if they are buried beneath the floor leaks cannot be detected. These
latter considerations are not so important in the main roads as they
are in those approaching the face, which are constantly being altered
in dimension, and in which repairs are frequent.

Electricity appears to be particularly applicable to the operation of
coal cutting. In the facility with which power can be carried about,
this medium stands unrivalled, and the cost of upkeep is less than
with other systcms. The only objection is the danger that may
result from sparking at the motors in situations where explosive
atmospheres may exist. This danger appears to have been exagger-
ated. In the first place, the majority of mines do not contain ex-
plosive atmospheres, and in the event of a sudden outburst of gas,
the motor may be stopped. Sparking at known points, or by short
circuiting, appears to be preventable, as it depends on the design of
the machine, on the intelligence of the workmen operating it, and
last, but not least, on the common sense of the purchaser. In the
desire to secure economy in outlay, less money is often spent on
safeguards than should be the case.

Mr. T. B. A. Clarke* considers that a fair average performance
for each electrically-driven machine cutting 43 feet under may be
taken at 8o lineal yards per shift of eight hours, and that the machines
should cut on two shifts, leaving the third clear for repairs and peri-

* Fed. Inst., xi., 492. 6



82 TEXT-BOOK OF COAL-MINING.

odical overhauling—a practice always advisable. Oompound wound
dynamos, over compounded to the extent of about 10 per cent. to
allow for loss of pressure in the line at full load, and series wound
motors, capable of going up to 16 horse-power without undue heating,
should be employeci He prefers a cable of the type insulated with
pure vulcanised rubber, covered with a strong protective sheath of
tarred hemp and braid, having a standard insulation of 2000 megohns
per mile, as the cost of this is very little more than that of the lower
standards. Twin and concentric cables are objectionable on account
of their want of flexibility, liability to kink, and risk of short circuit.
Armouring the cable renders it less liable to abrasion, but a fall of
roof is almost certain to drive the armouring into contact with the
copper core, and thus put the circuit to earth. Ordinary cables, when
abraded, can be patched and used in the roads for extension of the
branch circuit. He considers the disc wheel is the most suitable
implement for long-wall coal-cutting, and that it is of great import-
ance that rigidity and absence of vibration should be secured as
much as possible. Unless the rails on which the machine travels
are firmly propped and secured, the machine will not keep up to its
work, and the current used will vary considerably instead of remaining
steady. Finally, the satisfactory working of the motor itself depends
largely on the proper fixing and design of the brush gear. In one
especially designed for this purpose, and giving very satisfactory
results, the brushes used are carbon and the commutator segments
are cast copper. As the cable erection at the face is of a temporary
character, while liability to leakage is great, it has been considered
advisable to use a pressure sufficient to give good efficiency, and yet
too low to cause any injury through an accidental shock. A pressure
on the surface of 400 to 440, giving 380 volts at the motor, meets
these conditions.

The @oolden* cutter consists of a long bar, taper or parallel, having
a series of steel tools arranged on it. This bar is rotated at the rate
of about 500 revolutions per minute, the electric motor running at
about 700 revolutions. The cutter-bar is drilled with a series of
holes, each of which is placed in a direction nearly, but not quite, at
9o° to the next adjacent one, with the result that the cutters form
a left-handed spiral, which serves to equalise the cutting action, and
also a right-handed spiral, which acts as a sort of corkscrew, and
draws the débris out of the cut. After trying various forms for the
cutters, a V-shape has been adopted, with the edge nearest the
machine sloping across the cut; so that when the tool has entered
about } or } inch a wedging action commences, and the ridge of coal
left between succeeding cutters is split off. As a maximum perform-
ance at Nostell Colliery, this machine cut 55 yards of face an average
depth of 3 feet 8 inches in 55 minutes.

The Heppel and Patterson machine is of the rotary bar type, with
the cutting bar having three dovetail grooves running along its length,
in which are placed the teeth, these being kept in position and the
required distance from one another by suitable strips of metal. The
whole of the cutting mechanism can be swung about for examination
of the cutting bar and during the removal of the machine from one
part of the mine to another. The small coal produced by the machine

* Inat. C.E., civ., 104.
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‘during holing is removed by an endless scraper chain, which, it is
claimed, entirely overcomes the difficulties experienced in other
machines of the bar type from the jamming of the cutting tool.

The Jeffrey machine, as described above, but with the engines
replaced by an electric motor, is largely in favour in America. The
current required is from 30 to 50 ampdres at a pressure of 220 volts ;
the armature is calculated to run at rooo revolutions per minute,
while the cutter-bar makes 200 revolutions. The momentum of the
armature is such that obstructions met with by the cutter-bar are
not perceptible, so that the machine is caused to run steadily. A
great number of these machines have been applied, and the amount
of work done by each averages from 600 to goo square feet of under-
cut in ten hours.

Van-Depoele.*—A machine of the percussive type has been placed
on the market in Awerica. With a stroke of from 5 to 6} inches,
obtained by the action of a solenoid, it delivers from 300 to 350 blows
per minute, and weighs a little over 700 lbs.

Cost of Coal-Cutting.—Mr. R. W. Clark t gives the actual
figures for a day's work, taken at haphazard, as 6% lineal yards of
under-cutting per hour, as the average performance of four machines.
during three shifts. He states that the holing was exceedingly hard,
and that this may be taken as a fair performance, as, almost always,
little delays will occur. The working place should not be too long,
as if there is any delay in filling the coals out, the machine will be
stopped on its own journey. The chief point on which success
depends, is the removal of the machine from one place to another.
This must be made as expeditious and as simple as possible. A great
deal depends on the readiness of the men. Three men have moved
the machine about 2000 yards up some very low roads, taking about
sixteen hours in unfixing, removing, and fixing up again. The deputies.
should be men of quick observation and ready resource, and able to
estimate how much work there is to be done in every shift in every
face, and to arrange for the regular working of the machines. In
1883, 33d. was paid per lineal yard cut, this including removal of
machine and laying pipes in the roads leading to the face.

Mr. Geo. Blake Walker gives a comparison, reproduced on p. 83
of the relative cost of coal-getting by hand and by machine.}

It will be noticed that the greatest saving results from the
reduction in the amount of small made by machines.

Mr. T. B. A. Clarke has prepared the accompanying table giving-
the results obtained at a number of collieries with machines driven
by electricity during two or three years.

The high cost at Lidgett is due to the hard nature of the holing
and the low height of the workings, which causes hindrances in the
handling of the machines.

From an average of eleven Jeffrey pillar and stall machines,
worked at Scott Haven, in Pennsylvania, Mr. W. 8. Gresley§ gives-
the production of each machine at 25,000 tons of coal per annum,
while the savings, including renewals, supplies, and interest and depre-
ciation, amount to fourpence per ton. There was an increased yield.

* Eng. and Min. Journ., 1891, lii., 245.
+ Brit. Soc. Min. Stud., x., 124. 1 Fed. Inst. i., 132.
§ Iust. C.E., cxxxi., 117.
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of large coal of 3 per cent. due to the machines, while the total
number of men employed for the same output was less by 33 per
cent. than if manual labour were employed.

] -] 3 : Sy 4%
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COLLIRRY. ?5 Hoﬁ'{:':z";&z:ri:l. 2125 8 9f-;" - . 5%
> B 3
5 fr e 4 |5 A
2 < = = 3 <
Lin.
. Feet. . yards. Feet. | Pence.| H.P.
Lidgett, . .| 34 [Strong bind with| 55 2 330 | 21
lumps of syrites,
Nostell, . .| 43 |Hard bind with| 8o 2 3 1'40| 18
yrites in thin
yers,
Astley and| 33 |Strong spavin| 73 2 3% | 140 17
Tyldesley, without pyrites,
Stanton—
(@) Sganhope | 43 | Soft spavin, .|l 8 1 5 o84 | 16
(b) E'u r 0’ ka| 44 |Hardspavin, .| 8o 2 4 1'oo| 18
m
Sutton—
(a) T%l;. hard | 44 |Ordinary spavin, | 75 1 5% | o'90| 17
m,
(b) Dunsil Seam, | 4} |Hard spavin, .| 75 2 3 1'30 | 18
Cannock and
Rugeley—
Bass Seam, . | 4} |Bind, . . .| 8 1 s | o8| 17

Mr. W. E. Garforth * states that the introduction of machines in
a seam 4 feet thick has reduced the getting price from 2s. 14d. per
ton by hand to 1s. 33d., a difference of 1od. per ton, from which must
be deducted the cost of working the machine, interest on capital,
redemption, repairs, and renewals, while the production per man per
day has increased from 3} tons by hand mining to 6 tons by machines.
The introduction of a deep holing machine making a cut of 53} feet,
and by keeping the face straight has resulted in a more regular frac-
ture of the coal, which has reduced the number of shots to 6 or 7 per
day, as compared with 35 to 40 on a similar length of face when the
undercutting was done by hand. At another colliery where the seam
lies at an angle of 20° to 27°, the cost has been reduced from
2s. 3d. per ton by hand to 18. 44d. per ton by machine.

After keeping strict accounte of all costs and charging to the coal-
cutting machines all upkeep expenses, and interest on and redemption
of capital invested, Mr. W. D. Hardiet states that at a Oanadian colliery
machine mining reduced the getting cost by 6-62 pence per ton as
compared with pick mining.

Mr. E. W. Parker { gives the following figures to show the greatly
increased use of these machines in the United States :—

® Fed, Inst., xv., E§84. + Ibid., xvii., 176,
3 Amer. Inst. M.E., Feb., 1899.
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1898. 1897. Increase.
Coal won by machinery, . . | 32,413,144 | 22,649,220 | 9,763,924
Number of machines wed, . . | > 56as | 1956 666
Number of firms using machines, . 287 211 76
Average tons mined by each machine, 12,362 11,572 790

Stanley’s Heading Machine.— Few of the machines yet described
can be applied for driving narrow roads. The Stanley Header (Fig.
76) has been designed for such a purpose, and consists of a cutter-bar
driven, through gearing, by a pair of vertical engines. The cutter-
bar is composed of a massive iron casting, placed parallel to the face
of coal, and carrying on each extremity a bar of iron, 2 feet long, to
the ends of which the cutter-knives are attached. This tool is
revolved, and cuts out an annular excavation, leaving in the centre a
core of coal, which is removed by hand-wedging.

or

Doa) o)

Fig. 76.

The machine may be considered a practical success. It has now
been working several years, and has given satisfaction in every case.
The actual speed of cutting is from 2 to 3 inches per minute. The
wedging down of the core and placing machine in position for a fresh
cut takes on an average about an hour. The chief saving results from
the increased proportion of large coal and the rapidity of the work.

At Hamilton Palace Colliery * two machines were employed, one
working immediately in front of the other, each taking out a circle

feet diameter, leaving a block of coal 1 foot in between. In order
to judge of the merits of such machines by the actual work done over a
period of time, the record on the following page was kept when a com-
paratively clean and continuous area of coal was being operated upon.

The lessened cost during the last two fortnights was due to a
reduction in the miners’ wages. The conclusion arrived at, after all
the experience gained, was that the heading machine drives a place
11 feet wide about four times faster than hand labour at about double
the cost, all outlays for cutting, removing the coal, laying the pipes,
and shifting the machines being included.

* Fed. Inat., vi., 7.
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Dist Cut | piat Amount Paid Cost per
Fortnights. Shifts feet in Cut b
igh Worked. th per Shift. for (i:ll;.ltll:gg and Lln&\llz.!oot
Feet. Feet. £ s d. s. d.

1 23 283 12°30 35 99 2 609
2 23 270 11°74 33 3 9 2 550
3 24 276 11°50 31 4 6 2 315
4 18 . 212 11°77 23 8 2 2 2°'50
5 19 230 12°10 20 18 o 1 9'go
6 23 284 12°34 2419 6 I 910

Boring Cross Cuts.—Machine drills, for boring air-holes* to
serve as connections between winning head-ways, are largely employed
in the Saarbriicken coal-field. They are of the rotary type, having
jagged teeth cutting-edges in the circumference of the drill. Four
men can drill from 34 to 46 feet, 12 inches diameter hole, in an eight-
hours shift. With the Munscheid and the Hussmann machines two
men are required, who will bore a hole 20 inches diameter at the rate
of 1'09 yards per hour; with holes 11} inches diameter, the cost of
boring is given at 18. 4§d. per yard. The ordinary sizes are for holes
14, 16, 18, and 20 inches diameter, the first cost of a machine being
about £35.

EXPLOSIVES —Gunpowder.— Although numerous attempts
have been made to replace this explosive with other substances, it
still remains unrivalled for the special operation of getting down coal
under conditions where inflammable gas is not present in dangerous
quantities and the mine is not dry and dusty. Gunpowder should
consist of a mechanical mixture of 75 per cent. saltpetre, properly
refined, 15 per cent. charcoal, preferably made from alder or willow
wood, and 10 per cent. of sulphur. With a view, however, of pro-
ducing something cheap, not only have the proportions of charcoal and
sulphur been increased and saltpetre decreased, but impure chemicals
have been employed instead of pure ones, with the result that, in
common gunpowders, the purchaser pays for quantities of useless
material that do no work.

In the manufacture the ingredients are first pulverised separately,
and then mixed together and ground under heavy rollers for from two
and a half to ten hours. Even if suitable proportions and materials are
employed, grinding must be carried on for some time, or the mechanical
mixture of the ingredients is incomplete and combustion imperfect.
High-grade sporting powders are milled for ten hours, not so much with
a view to increase their strength as to prevent or decrease ‘fouling,”
and as it is just as essential that no smoke, or as little as possible,
should be given off when the charge is fired underground, blasting
powders should be milled for a similar length of time. The best
results have been obtained in Germany by the use of rye straw for
charcoal, carbonised to brownness, with sulphur reduced from 10
per cent. to 3 per cent. The problem is to get rid of the sulphur
altogether.

The so-called smokeless powders may be defined as chemical com-
pounds, and generally consist of gun-cotton and picric acid, sometimes

* For. Abs. N.E.I., xxxiii., 58.
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alone, sometimes in combination, mixed with retarding agents to
prevent detonation. The absence of smoke is a great advauntage, but
safety in storing and reliability in keeping quality is greater. The
slow-burning character of gunpowder makes it an admirable rending
compound. It gives out its energy in a constant heaving force, and
brings down coal in large lumps. No other explosives do so; their
energy is locally developed, smashing up such a soft substance as coal,
and entailing a loss to colliers and colliery owners. . So far as cost is
concerned, gunpowder compares favourably in all ordinary operations
with any other explosive. So long as powder will blow the bottom
of the holes out, nothing is gained by using more powerful explosives ;
but in strong rocks the employment of powder means shallow holes
and slow progress. Where everything is sacrificed to speed the holes
are bored deep, and sufficient explosive used to break up the rock into
small fragments, and so hasten its subsequent removal. Gunpowder
possesses an advantage which is not shared by any other explosive ;
it can be used either with or without detonators, and be made to do
more work at will.

Nitro-Glycerine.—This substance is formed by the action of a
mixture of nitric and sulphuric acids on glycerine. It is a bright,
oily, colourless and odourless fluid, has a faint sweet taste, and is
poisonous, causing headache and colic. It is such an unstable com-
pound that its use has been forbidden by law in this country and in
most Continental ones; but, mixed with other substances, it forms
the base of a large number of modern high explosives.

Dynamite is a plastic substance of reddish-brown colour, consist-
ing of nitro-glycerine absorbed in porous kieselguhr, which is earth
consisting of the shells of diatoms (nearly pure silica), found in
Hanover and other localities. Many other absorbent materials have
been tried, but kieselguhr has given the best results. This choice has
been further justified by the absence, after explosion, of the noxious
fumes of carbonic oxide, which render charcoal, although equally
absorbent, so hurtful to the health of the miner. Ordinary dynamite
contains 75 parts of nitro-glycerine and 25 parts of kieselguhr. In
the open air, in small quantities, it burns freely, quietly, and without
explosion. One advantage of the dynamite class of explosives is that
they are plastic, and therefore, when tamped, fit accurately into the
hole. Metal rods or rammers should uever be employed to tamp the
charge. A wooden rod should be used, and the cartridges gently,
though firmly, squeezed into place.

Blasting Gelatine is said to be the most powerful of known
explosives, and is a tough, slightly elastic, semi-transparent substance,
resembling ordinary gelatine. It contains 93 per cent. of nitro-
glycerine, together with 7 per cent. of nitro-cotton, and on explosion
resolves itself into carbonic acid, water, and nitrogen, there being just
enough oxygen to combine with the carbon and hydrogen. It is
stated to be 50 per cent. stronger than dynamite, and more insensible
to shocks than that substance.

Gelatine-Dynamite.—This is a compound better known to miners
and contractors, being more used for blasting rock which is required
to be removed in as large pieces as possible, as its action is a heaving
and rending, rather than a disruptive one. In appearance it is
more opaque than blasting gelatine, and consists of 8o per cent. of
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that explosive, with nitrate of potash and wood-pulp added in pro-
portion.

Qelignite is similar in composition. It consists of 65 per cent. of
blasting gelatine and 35 per cent. of the absorbing powder.

In cold weather all nitro-glycerine compounds freeze, even at a
temperature of 46° F., and are very dangerous to use when in such a
state. The cartridges may, however, be softened, without danger, in
warm-water warming-pans. They must not be put in the warm water
to do 8o, but first in a water-tight vessel, and then that vessel placed
in warm water.

Rackarock.—This explosive is largely employed in America. It
is composed of 8o per cent. of potassium chlorate and 20 per cent. of
nitro-benzol. The former of these ingredients is solid, and the latter
liquid, and both are non-explosive during their manufacture, storage,
and transport. Little danger attends the use of this explosive us
explosion can only take place after mixture, this being generally done
immediately before charging.

BLASTING IN DRY AND DUSTY MINES.—The passing of
the British Mines Regulation Act, 1887, materially modified the use of
explosives underground, as General Rule 12 states that ‘“in places
likely to contain either accumulations of gas
or coal-dust, & shot shall not be fired unless
the explosive is 80 used with water or other &
contrivance as to prevent it inflaming gas, or
is of such a nature that it cannot inflame
gas.” The one fault of gunpowder is that it LI} | 4
gives off a certain amount of flame on explo- ¢
sion, and its use is, therefore, not allowable
under the circumstances just stated. To meet
the altered conditions, and yet to continue
the use of explosives, numerous methods have
been proposed.

Water Cartridge.—A cartridge of gelig-
nite (usually of such a size that only one is
necessary) is held in a skeleton case (a, Figs.
77 and 79) having a number of thin metal €~
diaphrams, b, which keep the cartridge in the
centre of the case (c, Figs. 77 and 79) con- SR
taining the water. A detonator is inserted O
into the last cartridge, and a fuse, or electric \h/
wires, passed from it to the outside of the )
bore-hole. The space between the charge and Figs. 77, 78, and 79.
the case is filled with water, and the outer
end firmly tied round the projecting fuse or wires d. A guide wire, e,
is also placed in the bag to keep the charge in the centre long ways.
The objections to this apparatus are (1) the large number of parts
and delicate handling they require; (2) the water acts as a sort
of cushion between the explosive and the sides of the hole and
80 lessens the effect; (3) the large-sized hole which has to be
bored ; (4) and a liability of rupturing the case and letting out the
water.

Pormitted Explosives.—Under section 6 of the British Coal
Mines Act, 1896, the Secretary of State has power to prohibit the
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use of any explosive underground, which he is satisfied is unsafe,
and under this section has made the following order :—

1. (@) In all coal mines in which inflammable gas has been found within the
previous three months in such quantity as to be indicative of danger,
the use of any explosive, other than a permitted explosive, as herein-
after defined, is absolutely prohibited in the seam or seams in which

the fas has been found.

(8) In all coal mines which are not naturally wet throughout, the use of an;
explosive, other than a permitted ex(flosive, as hereinafter defined, is
a.}l:solut.ely prohibited in all roads, and in every dry and dusty part of
the mine.

2. In all such ooal mines or parts thereof as aforesaid, the use of permitted
explosives is prohibited, unless the following conditions are observed :—

(a) Every charge of the explosive shall be placed in a properly drilled shot

hole, and shall have sufficient stemming :
(b) Every charge shall be fired by an efficient electrical apparatus, or by
some other means equally secure against the ignition of inflammable

or coal dust :

(¢) Every charge shall be fired by a competent person appointed in writing
for this duty by the owner, agent, or manager of the mine, and not
being a person whose wages depend on the amount of mineral to be

otten :
(d) gach explosive shall be used in the manner and subject to the conditions

rescribed in the schedule hereto :
Provided that nothing in this order shall prohibit the use of a safety fuse in any
mine in which inflammable gas has not been found within the previous three
months in such quantity as to be indicative of danger.

There are a large number of permitted explosives under the above
order, which are described in an appendix to this chapter. The
majority are of the hydrocarbon class, and consist of ammonium
nitrate, mixed and ground together with some member of the
naphthalene group, an inert substance often being introduced to lower
the temperature of explosion. Most are acted on by moisture, and
must be protected by waterproofed cases, and all require detonators of
suitable strengths before explosion can be produced. Statements have
been made from time to time that the fumes produced on the
explosion of some of these substances, more especially roburite, have
an injurious effect on the health of the workmen, but in every
instance where these have been investigated (in Lancashire and the
North of England) no ground has been found for such complaints.*
Some cases of illness have been traced to roburite, but these have
been found to be due to the neglect of the proper precautions in its
use which are published by the manufacturers. Workmen having
cuts, or skin knocked off their hands, should be careful when handling
the cartridges, and should wash their hands before eating food, or
there is a danger of some of the substance getting into their mouths.

All are stated to be flameless, but none are absolutely so.
Everything seems to depend on the tamping. It should be clearly
understood that they are only relatively, and not absolutely, safe, no
explosive having yet been found which will in no circumstances ignite
fire-damp. Experiments appear to show that damp or moist stemming
gives additional security against the ignition of fire-damp or coal dust.
Mr. M. Walton Brownt states that the experiments of the French
Commission showed that the retardation of ignition characteristic of -
fire-damp mixtures, the almost instantaneous mixture of the gases

* Fed. Inst., ii., 368 + Ibid., ii., 488.
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resulting from the explosive with the surrounding atmosphere, and
the quick cooling consequent thereon, combine to make explosives,
whose temperature of detonation is less than 4000° F., incapable of
igniting explosive fire-damp mixtures under normal conditions of use;
that is to say, if properly stemmed. The degree of safety becomes
greater as the temperature of detonation falls below the above value.
With any of the dual mixture explosives, the greatest care in manu-
facture is necessary, as it is essential that perfection be ensired in
the mixture. The safety of ignition in explosive atmospheres also
depends upon the almost instantaneous mixtures of the gases resalt-
ing from detonation with a sufficient volume of surrounding air, it
being highly probable that it may be dangerous to fire a shot in a too
limited space, and with a weight of explosive too great for the
volume of the surrounding air, as compared with the volume of the
gases produced by the detonation.

Firing the Charge.—Explosions may be divided into two classes
—(a) where combustion proceeds slowly through the mass of the com-
pound, and () where instant ignition takes place, called detonation.
The power in (a) is applied slowly, with rending effect; while in (3)
the gases are instantly generated, their force is localised, and a
shattering effect results. To produce the latter action detonators have
to be used, these consisting of a small quantity of a powerful explosive,
fulminate of mercury, enclosed in a copper capsule.

Three modes of firing charges are in use— (1) squibs or germans,
(2) fuses, (3) electricity. The first can only be employed with gun-
powder, but the second and third with any explosive.

(1) 8quibs, or Germans.—These consist either of a straw or
paper spill filled with fine powder. When “ germans ” are employed,
a copper rod, about .8 inch diameter, called a ‘“needle,” has to be
inserted in the hole during tamping. This needle reaches from the
outside to the cartridges, and is turned from time to time to prevent
it getting jammed, and finally withdrawn, leaving an open passage
through the tamping to the powder. The squib is then inserted in
this hole, and a slow match applied to the outside end.

(2) Fuses.—Frequent miss-fires with straw squibs, and premature
explosions, together with the production of a shower of sparks, led to
the introduction by Bickford, in 1831, of safety fuses, the principle of
which is to enclose a thin string of gunpowder in a sheath of some
material or combination of materials, with a view of protecting the
core from rough usage and moisture. Many different qualities are
made to meet the varying conditions of employment—viz., the time
stored before use, influence of climate, temperature of mine, and
presence or absence of moisture.

For ordinary work the thread of powder is protected with rope
yarn, coated with different varnishes, or, if moisture is present, a
further lining of tape and varnish is given. For blasting under water,
gutta-percha coverings are employed, but such fuses cannot be stored
long, owing to the rapid oxidation of the gutta-percha. To prevent
this, an exterior coating of tape and composition varnish is applied,
which not only delays oxidation, but retains the efficiency for a long
time. Metallic fuses, in which the core is covered with lead pipe,
have been introduced, but are not much employed, owing to their
weight, brittleness, and liability to damage by torsion.
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Ordinary fuses are sold in coils, 24 feet long, and burn at the rate
of 2 feet per minute. Miss-fires occur generally through deterioration
and the use of inferior qualities. The store-room should be dry, or
the powder will be affected, and the fuse should not be in contact
with any oily or greasy article. All gritty and sharp substances
should be avoided in ramming, as the fuse is often cut through, and a
miss-fire follows. '

Under the Mines Regulation Act, powder can only be taken into
a mine in cartridges. These generally consist of a reel, or bobbin, of
compressed powder, having a hole, conical at one end, passing through
the centre. In firing with a fuse, it is first cut to obtain a fresh
surface, and threaded through the bobbin. One end of the fuse is
doubled back into the conical hole at the bottom of the cartridge,
and pulled tight, the subsequent bobbins being threaded over the

front. In doubling the fuse back
to bind it in the cartridge, care
should be taken that the string of
powder rests directly against the
cartridge (Fig. 80), and not against
the return portion of the fuse
(Fig. 81). Numerous miss-fires muy

Figs. 80 and 81. be traced to the neglect of this
simple precaution.

With detonating explosives, a piece of safety fuse is cut clean,
and inserted into a detonator until it reaches the fulminate. The
upper part of the cap is then squeezed with a pair of nippers, with a
view not only of securing the fuse in position, %ut also of developing
the power of the fulminate.

For use under water, care should be taken to make the upper end
of the detonator water-tight where it joins the fuse. With nitro-
glycerine explosives, a cartridge is opened at one end, the detonator
pushed in (leaving about one-third of the copper tube outside the
cartridge) and securely tied in position. The detonator should not
be pushed too far into the cartridge, or the fuse may set fire to it
before the spark can explode the detonator. Holes are charged by
putting in one or more cartridges, and squeezing each with a wooden
rammer, a cartridge with a detonator and fuse is then inserted, but
must not be squeezed. Loose sand, or water, is all that is required for
tamping, but the power of the explosive is increased by tamping.
A good plan is to insert on the top of the priming cartridge and
detonator a ball of soft clay and press it home, then put further
tamping on this.

In firing shots in mines, where naked lights are not allowed, a
small copper wire is commonly employed, one end of which is made
red-hot by putting it into the flame of a safety lamp, while the other
is inserted into the fuse. The wire is generally passed through a
small hole in the glass of the lamp. To get rid of the difficulty of
passing wires into lamps, and prevent the emission of sparks when
the fuse is fired, Messrs. Bickford have designed an ignitor, which
consists of a small tin tube, containing a small glass phial, holding
sulphuric acid, resting against a small quantity of chlorate of potash
and sugar; one end of the fuse is inserted into the open end of the
tube, and the glass phial broken by gripping the tube with a pair of
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pincers (Fig. 82). The sulphuric acid acts on the mixture, lights the
end of the fuse, and all sparks produced are kept within the tube.

At the Aubin Colliery in the department of Aveyron, France, a
modification of a device for lighting pipes, cigarettes, &c., by the
heat generated by the compression of air, has been in use for some
time. It consists of a metal cylinder, in which a well-fitting piston
moves, the piston-rod carrying a cross-piece so that a firm hold is
given for the hand. One end of the fuse is passed through a small
hole in an india-rubber ring into the cylinder. A quick and stronz
thrust is given to the piston, the air in the cylinder is compressed and
heated, and the core of the fuse ignited. It is said that, with a little
practice, ignition always takes place at the first thrust, and as the
sparks from the burning of the first inch of fuse are thrown out inside
the cylinder, they are thereby cut off from the surrounding atmos-
here.

: In Richter’s apparatus a pair of special pliers in conjunction with
a percussion cap and asbestos-covered fuse is employed. The fuse
is first cut off perfectly
square by nippers (Fig.83)
at the end of the pliers,
and the special lighting
cap fixed closely on. The
pliers are then opened to
their full extent, which
automatically contracts a
spiral spring inside the
barrel, and the lighter
with fuse attached is
placed exactly in the
chamber contained in
the barrel of the pliers
(Fig. 83). By pressing
the trigger with the
thumb of the right hand,
as shown in Fig. 84, the
spiral spring inside the
barrel is released, and Fig. 83. Fig. 84.
shoots a bolt on to the

percussion cap. The issue of smoke from vent holes on both sides
of the oblong part of the pliers indicates beyond doubt that no
miss-fire has taken place. '

Several accidents have been traced to the use of these types of
ignitors, premature explosion having taken place only a few seconds
after the ignitors were fired.* It is considered that owing to the
confinement of the gases inside the fuse, when the burning of the fuse
does not destroy the outer covering, the pressure increases until either
the resistance of the envelope is overcome and the fuse bursts, or if
the resistance of the walls be too great, the explosion extends to the
unconsumed portion of the core, which at once explodes and flashes
out violently. In one experiment, flame suddenly traversed the entire
length of 4o inches of fuse. In fuses where the covering is partly
burnt and destroyed such explosions cannot be caused, as the gases

* Fed. Inst., xii., 171.
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evolved from the powder can escape freely through the damaged
covering,.

Blasting by Electricity.—The practice of igniting shots by the aid
of the electric current has been gaining ground for a considerable num-
ber of years; with it no question can arise as to whether shots have
missed fire or not. Ignition with ordinaryfuse sometimes hangs fora con-
siderable time, even up to twenty-four hours; sparks from the fuse are
got rid of by numerous devices, but as no sparks are produced by
electricity it must be better. Then again, there is no chance of
premature explosion. Everyone can be in a place of safety before the

-shots are fired ; indeed, in some collieries where blasting might produce
an explosion, all the shots are fired from the surface when the pit is
free from men.

Two systems are in use; in one, electricity of high tension and
small quantity is employed, while in the other the electricity is of low
tension and of large quantity. The former are called * tension,” or
“ machine,” fuses, and the latter, ‘ quantity,” or ¢ battery,” fuses.

Tension Fuses.—These consist of two copper wires, with the ends
separated from each other by a small interval, in which is placed a
priming composition, and the whole inserted into a detonator. The

" current, in leaping across the interruption, meets with great resistance
from the low conductivity of the material passed threugh, heat is
generated, and the priming and detonator fired. The priming com-
position generally employed is known as Abel’s, and consists of a
mixture of 10 parts of sub-phosphide of copper, 45 parts of sub-
sulphide of copper, and 15 parts of chlorate of potash, well rubbed
together in a mortar, with sufficient alcohol to moisten the mass, and
afterwards carefully dried.

Quantity Fuses.—Here the two copper wires are joined together by
a very thin, short length of platinum wire, and surrounded by a sub-

stance inflammable at a low temperature. The current passing down
the copper wires meets with great resistance in passing across the
small section platinum wire, and generates sufficient heat to fire the
priming. As the circuit is uninterrupted, and guantity only is re-
quired to heat the wire to redness, an ordinary battery may be used.

Comparison.—The advantages of high tension lie chiefly in the
convenient form and ready action of the machines employed to excite
electricity. These are of small dimensions, light weight, simple in
construction, and do not readily get out of order. In addition the
means of discharging the machine may be removed until the required
moment. For this reason such system is useful in mines where the
operations are carried out by men of no scientific knowledge. A great
advantage, however, is the fact that a large number of shots can be
fired simultaneously with more certainty than with a battery, and
that line resistance has small effect on the current, so that cables of
small diameter can be used.

The disadvantages are, that the fuses are more or less affected by
moisture and heat, and that the wires carrying the current have to be
well insulated. Low tension fuses are more trustworthy than high.
The insulation of the line wires need not be very perfect. Certainty
of action is almost always possible, as each fuse can be tested before
use by coupling it up to a galvanometer and passing a weak current
through it. It does not, however, necessarily follow that miss-fires
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cannot take place after low tension fuses have been tested in the
galvaunometer, because two conditions may happen. Either the two
copper wires may be in contact, and allow the current to pass, or even
the small testing current may break the delicate bridge of connecting
wire, and the fuses thus appear all right at the test, but all wrong
afterwards. When low tension fuses had to be fired by batteries they
were not so convenient as high tension, as only a limited number of
shots could be tired simultaneously, unless a large battery power was
available. Batteries soon get cumbersome, and always require a con-
siderable amount of attention. Low tension fuses can, however, be
fired from an electric light circuit, while high tension ones cannot,
and as dynamos are common at collieries, low tension fuses are
becoming more and more applied. Specially constructed magneto
machines generating a current of low intensity are now made for
firing low tension fuses, and are recommended for use in preference
tu batteries. Low tension fuses cost a fraction of a penny more than
high tension ones, but year by year are becoming more used in
Europe, while in Oanada and the United States high tension exploders
and fuses are practically unknown.

For firing tension fuses, two types of machines are employed—(a)
the frictional, (5) the magneto type.

Frictional Machines.—The machine most in favour is that of
Bornhardt, which, from its simplicity, compactness, and portability,
possesses many advantages. Electricity is generated by the friction of
two revolving discs of ebonite against two small cushions covered with
cat-skin, and is received by two cones, and transmitted by a metallic
conductor into the interior of a Leyden jar, from which it is discharged
by pressing a button. The apparatus i, however, very delicate; both
glass and ebonite being so hygroscopic, that a machine can rarely be
depended upon to work many hours consecutively. Unless the places
in which it is used, and the rubbers, are dry and warm, the machine
will not furnish any current, as the electricity is conducted away by
the condensed moisture as fast as it is generated.

Magneto-Machines.—These consist of an electro-magnet, between
whose poles an armature, wound to a very high resistance, is caused
to rapidly revolve by means of crank motion and gearing. An electric
current of high potential is generated, and at the moment of maximum
intensity is sent out to the outside circuit, in which are the fuses, the
explosion of these being instantly accomplished. To prevent the risk
of missfires the machine should have a considerable reserve of power,
and care should be taken to see that the connecting ends of all wires
are clean and are firmly twisted together.

Simultaneous Blasting.—The advantages of firing a number of
shots simultaneously, especially in shafts or headings, are self-evident,
particularly where machine drills are employed. In the first place, as
soon as the machines have been removed and the holes charged, the
rock should be shot down as quickly as possible. Then all the shots
going off at once assist each other, their force is applied collectively,
.and the whole of the rock is brought clean away, while, if fired sepa-
rately, each individual blast has to tear out the mass of rock allotted
to it, the result being that in the former case less explosive is required
and, in addition, a minimum amount of time is taken up in the opera-
tion. Another advantage of simultaneous firing is that all the smoke
produced by the explosion is generated at one time and the men only
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have to wait for this to clear away, while if shots are fired indepen-
dently they have to wait after each blast.

For firing a large number of shots at once electricity is particularly
useful, the reduced quantity of explosive used balancing the cost of
the electric fuse, the saving in time already referred to remaining as
an advantage. Another point of importance is the question of missed
shots. When firing with fuse one can never be sure whether the shot
has really missed or only hung fire, and, unless explosion takes place,
-the working has to be fenced off for a considerable time, thus entailing
-a loss; but with electricity nothing of the sort occurs. After the
current has been passed through the wires the place can be approached
at once without danger. In order to avoid wiss-shots it has been
proposed to use a hollow tube during stemming, one end of which is
ingerted into the charge and the other projects out of the hole. A fter
ramming is complete, the tube is withdrawn, and the detonator and
connecting wires pushed down the passage into the charge. Should a
miss-fire occur the detonator can be withdrawn
and another inserted. The objections are the
danger in pushing the detonator into, or with-
drawing it from, the hole, and the reduced effect
of the blast due to the fact that a vent hole
of at least } inch diameter is left extending
from the explosive to the atmosphere.

For firing by electricity two main systems
of connecting the wires to the machines are
in use. In the first, the fuses are connected in
series—that is to say, one wire of the first hole
is connected to one wire of the second hole,
and the remaining wire of the second hole to
one wire of the third hole, and so on until all
are joined, when there will be one wire of the
last hole and one wire of the first hole left
unconnected. These are now joined by means
of conducting wires to the machine a con-
siderable distance away in a place of safety
(Fig. 85). ]

Figs ‘85, 86, and 87. The second system is known as the parallel
one. In this, one wire of each shot is con-
nected to one cable, and the other wire to the second (Fig. 86).

Modifications of both these systems are possible, as the holes may
be connected in multiple series (Fig. 87).

The disadvantage of the series system is that the power of the
machine has to be equal to that required to fire each fuse, multiplied
by the number of fuses, and that unless the fuses have all the same
resistance, or vary only within narrow limits, only the most resistant
will be fired.

Bickford’s Volley Fuse.—To render the operation more simple than
with electricity, Messrs. Bickford have designed a method in which
ordinary and special fuses are employed for simultaneous blasting. A
length of safety fuse is connected to one side of an explosive disc in a
tin tube. The required number of special fuses are snugly tied
together, their ends cut clean and level, and inserted into the tin tube,
touching the other side of the explosive disc. The mouth of the tube
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is protected by a waterproof substance, such as pitch. To fire, the
length of the safety fuse is lighted, this ignites the explosive disc,
which starts all the special fuse burning at the same time. The par-
ticular point, however, consists of the special fuse, which is manufac-
tured to burn at the rate of gooo feet per minute, the speed of
ordinary fuse being only 2 feet per minute. To enable operators to
adapt the instantaneous fuse to
any available length to suit their
particular requirements, the in-
ventors supply on demand the
ignitors with fuse looped as in
Fig. 88, so that if the whole
length of fuse so looped is, say, Fig. 88.

10 feet, the miner can cut it into

single lengths of 3 feet and 7 feer, or any proportion of 10 feet (taking
care not to detach it from the ignitor). This does not affect the
simultaneousness of the explosion, as, owing to the rapidity of
burning, small differences in the lengths of the special fuse are not of
any moment.

Position of Holes.—The situation and inclination of holes in
rock drifts depend on the nature of the rock, and on the system of
drilling employed. With hand drilling and single blasts, everything
depends on the skill of the miner, who carefully examines the faces
and decides on the position, direction, and depth of the hole ; the con-
ditions that have to be fulfilled being that the rock should be as free
as possible on one side, and that neither too much nor too little rock
should be attempted
to be dislodged. In
the former case, it there
is too much resistance
the hole will act like a
cannon, and the tamp-
ing will be forced out,
producing whav is
known as a ‘““blown-
ont shot,” while, in
the latter case, the
explosives will be
wasted.

With machine
drills and simultane-
ous blasting, there is
not so much necessity
to consider the lines Figs. o1 and 92.
of least resistauce, al-
though such is generally done. Many different arrangements can be
employed. The following may be considered a typical example* A
wedge, or core, is first blasted out of the centre of the heading, this
being known as a centre-cut, the sides being blasted out afterwards.
A centre-cut needs about eight holes, divided into two sets, four each,
arranged in nearly vertical lines, at equal distances from the centre
line of the heading. Kach hole of one set of the centre-cut is drilled

* The Vosberg Tunnel, Leo v. Rosenberg, p. 24.

7
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in a direction intended to meet the corresponding one of the other
set at the centre line of the heading, so as to form a wedge. These
are drilled 10 feet deep. Where the character of the material only
requires one set of holes in the sides, these are three in number, and
from 7 to g feet deep. The inclination of the holes in the different
sets are shown in Figs. 89 to 92. The holes inclining upwards are
drilled dry, those horizontal, or inclined downwards, wet. Sometimes
second side rounds are required; these consist of two holes each.
At the Newhouse Tunnel, Colorado, U.S.A., the work was said to be
much hastened by the addition of a so-called plunger hole at the upper
centre of the cut, which inclined slightly downwards.*

Blown-out 8hots.—The combustion of powder produces large
quantities of gaseous products, which, in the case of blown-out shots,
are driven violently into the roadways, and at the point of discharge
act like a piston, driving back the air flowing past the hole in both
directions, and producing a partial vacuum, into which the gas con-
tained in the coal is exhausted, and diluted with the air current
until the firing point is reached. Clouds of dust may be raised at
the same time, and if this mixture comes into contact with flame,
a serious explosion is readily produced. It is also suggested that the
sound wave produced by a blown-out shot may cause
sufficient pulsation in the atmosphere to force flame
through the gauze of a safety lamp. It is, there-
fore, desirable that blown-out shots should be pre-
vented, care being taken that all the holes are placed
in such position that they do the work allotted to
them, and bring down the coal. It is most im-
portant that the stemming should be unfissured, and

LTy

Fig. 93. Fig. 94.

adhere closely to the sides of the hole, so that the gaseous products
cannot escape before the complete ignition of the powder. To remove,
however, any chance of such an occurrence, various tamping plugs
have been designed, the majority of which consist of an arrangement
of metal wedges tightly secured in the hole, generally by the aid of
a screw. They are expensive in first cost, and easily lost. A later
device is the employment of a cylinder, or rough octagon of pine-
wood, with a wedge-shaped piece cut out of it and a saw cut made a3
a continuation of the wedge-shaped cut. The wedge a (Fig. 93) is
placed against the charge, the block b above it, and the explosion
drives the wedge up into the body of the block, and binds it firmly
against the sides of the hole. The use of tamping plugs does not
seem to afford any greater security than ordinary tamping, if the
latter is properly applied.

VARIOUS METHODS TO SUPERSEDE BLASTING.—
Numerous methods have been proposed to do away with blasting,
such as the application of compound wedges.

* Eng. and Min. Journ., 1902, lwxiii., §52.
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Elliott Multiple Wedge.—The construction and method of using
these can be readily seen from Fig. 94, the advantage claimed baing
that only a small-sized hole is required, and that the weight of the
whole apparatus, including boring machine and wedge, is very small,
while the expansive force developed is large, owing to the fact that
the impact of a blow is more effective than other means of applying
wedging power.

Haswell Mechanical Coal-getter.*—In this machine the rending
action is accomplished by a wedge between two feathers, the wedge
being drawn out by a combination of a screw and lever. The bursting
action takes place towards the back of the hole, and not at the face,
where least required.

Burnett’s Roller Wedge.—The amount of friction between the
sides of the wedge and feathers, in ordinary systems, is very great.
To overcome this difficulty, Mr. Burnettt designed a roller wedge,
in which rolling is substituted for sliding friction. It consists of two
external plugs, or feathers, with an internal wedge running on roller
bearings. This wedge is drawn out by the action of a screw and nut,
-driven by a ratchet und pawl arrangement.

Hydraulic Wedges.—To increase the power of these machines
hydraulic pressure has been called into requisition. A man’s strength,
acting on a lever working the piston of a small hydraulic pump, is
capable of producing an enormous pressure, which can be applied to
driving in wedges. Instead of applying the hydraulic apparatus
directly to the wedge, which compels the operator to stand close to
the face, in some designs the pressure pump is fixed a considerable
-distance away, and the water is conveyed to the wedge through a pipe.

Lime Cartridges.—Messrs. Smith and Moore designed a pro-
cess for bringing down coal by utilising the expansion of quick-
lime, when water is applied to it. Ordinary mountain limestone is
calcined and ground to a fine powder, and compressed by hydraulic
power into a cartridge, having a groove running along its full length.
The cartridge is about 5 inches long and 2} inches diameter, and
when taken from the press is wrapped in a sheet of paper, and placed
in an air-tight box to keep away damp. Coal is holed and shot-holes
drilled in the ordinary way, and cartridges placed in them. An iron
tube } inch diameter, having a small external channel on the upper
side, and provided with perforations, is inserted along the full length
of the hole. Several cartridges are placed in each hole, the grooves
formed in them during the process of manufacture lying against the
tube just referred to, and the mouth of the hole is tamped in the
usual way. A small force-pump is connected by suitable means to
the end of the tube projecting from the hole, and water forced in.
The hand pump is then detached and carried away to another hole.
The water acting on the lime greatly expands its bulk, and the coal
is forced down.

This system has been employed and gave good results at Shipley
‘Colliery for a considerable time, but has not met with much favour
elsewhere. It can only be used for certain classes of coal, and great
care has to be exercised to keep the cartridges dry. They readily
absorb moisture from the atmosphere, and completely lose their
-efficiency.

* N. E. 1., xxxiii., 37. + Men. Inst. Scot., viii., 2.
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Bossoeyeuse.— For a considerable length of time an apparatus has
been in use at the Marihaye Colliery, Belgium, which consists of a
rock drill of the Dubois-Frangois type, boring a series of holes grouped
in a certain pattern in the face of the work. The drilling tool is-
removed and replaced by a hammer head, a number of plug and
feather wedges are then put in the holes, and driven in by the batter-
ing ram till the rock is broken down and split up. No explosives are-
used, and trials over a period of many years show that the employment
of the machine has not increased the cost of working.

Oxy-hydrogen Gas.—The decomposition of water into its elements-
by electricity is a comparatively easy matter, and the resulting
mixture of oxyhydrogen gas forms a powerful explosive. The idea of
substituting this gas for the explosives ordinarily used is fascinating,
as it may be obtained from water by a slight expenditure of electrical

oWoer.

P At Mont Cennis Colliery, Westphalia,* experiments were made:
with about  ounce of distilled water, containing a small quantity of
soda lye (ad&ed to increase conductibility) enclosed in a steel cylinder
7 inches long, 1} inches diameter, and 4% inch thick, capable of
standing a pressure of 1200 atmospheres. Two conductors were
passed through the steel lid, and the electrodes were made of ordinary
iron nails. The electric current of about 1 amptre and 10 volts was.
passed through for some forty hours, when about § ounce of water
was decomposed and the pressure within the cylinder had risen to-
450 atmospheres.

When blasting, the cartridge is connected to two electric conduct-
ing wires, introduced into the shot hole, tamped in the usual manner,
and exploded by a spark, produced by a Bornhardt or other igniting
apparatus, leaping from one electrode to the other. Experiments
demonstrated that such cartridges produced the same blasting effect as
54 ounces of the ordinary nitrate of ammonia explosive, such as
westphalite, &c., and it was also hoped that the idea would provide a
safe method of blasting for fiery and dusty collieries, but the ignition
of a gaseous mixture of fire-damp was caused several times.

The cost of generating the oxyhydrogen gas is small, but the
cylinders themselves have to be so carefully made that they are costly.
It also remains to be proved that the internal pressure of over 6500
Ibs. in the cartridges is unattended with danger.

Prohibition of Blasting.—From time to time suggestions are
made that blasting should be prohibited in mines. Undoubtedly,
there are seams of coal which can be economically worked by wedges,
but such are few and far between. With a seam that is thin, hard,
and blocky, and adheres tenaciously to the roof, wedging is of no use;
the coal breaks short, and wedge after wedge is inserted with little
effect. On the other hand, where the coal is soft, the wedge, on
expanding, simply widens the sides of the bore-hole. As in too many
cases the direct causes of explosions can only be conjectured, every
cause to which explosions have been traced shares a prejudice which
evidently does not rightly belong to them all. Although the occur-
rence of some explosions can be directly traced to blasting, it must not
be assumed that all are due to this cause, or that if it was stopped
entirely they would cease. When a large explosion takes place the-

* Coll. Guard., 1897, Ixxiv., 1065.
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Toss of life is so serious that public attention is directed to it, and the
-other accidents which happen in mines are apt to be lost sight of.
Statistics, however, show that the death-rate is higher from several
other causes than from explosions; for instance, falls of roofs and
sides. Now, with blasting, the men are away from the working face,
but with wedging they must be there, and are liable to be injured by
falls which take place, especially in thick seams. Wedges are claimed
to produce more round coal than when shots are used, but such is not
necessarily the case. If the charge employed is properly proportioned
it can be made to do what is required; all that has to be done to
produce the coal in a large round state is to vary the amount of
-explosive.

To show the increase in cost due to prohibition of blasting, Mr.
W. Y. Craig ® arranged for the best miners at Podmore Hall Colliery
to be employed to work at day wages on two places for one month
with, and one month without, powder. In a 12 yards drift, working
one month without powder, the wages paid were 16 os. 10d.,
quantity produced 233 tons 11 cwts. 3 qrs., cost per ton 1s. 4d; same
worked with powder, wages £17 9s. 3d., including 8s. for powder and
fuse, coal proguced 327 tons 16 cwts., cost per ton 18. To this has to
be added the increased cost per ton of the fixed charges, such as
superintendence, timber, and road maintenance due to the diminution
in quantity. In each shift 1064 tons were got without powder,
14'26 tons with powder, the difference being 3°2 tons per shift, so that
the quantity was 244 per cent. less than when worked with blasting.
The total increase of cost, minutely and carefully calculated, was
18. 24d. per ton by working without powder.

Experiments in narrow heading with the Hardy Pick Company’s
-wedge instead of explosives, at the Konig and Wellesweiler Collieries t
in the Saar district, proved that the cost was increased 49 per cent.,
:and in long-wall work 56 per cent. The financial results of a diminu-
tion in blasting at Maybach Colliery, and partly substituting wedging,
was that the cost increased by nearly twopence per ton as a minimum.

At Blackwell { experiments were made on a length of 114 feet of
the Alfreton deep, soft coal face, with roburite, carbonite, and gun-
powder. In each case the face was holed 5 feet deep, with the result
that the cost of getting round coal was increased a halfpenny per ton
by using high explosives over gunpowder, while 14 to 2 per cent. more
slack was obtained by carbonite, and 3 per cent. by roburite, than by
gunpowder. It was also stated that the increased quantity of slack
produced by high explosives reduced the average selling price by one
penny per ton.

The accidents due to firing can be best prevented by careful super-
vision of the work, by placing the operations under the control of a
well-regulated staff with a steady and attentive person at the head, by
<areful examination of the working face before firing, and, above all,
by good ventilation. The number of shots required can be decreased
by deep undercutting. Finally, the loss of life may be entirely
removed by firing all the shots simultaneously from the surface when
all the workmen are out of the pit, this being the procedure at some of
the South Wales collieries.

* N. Staff. Inst., iv., 53. + Coll. Quard., 1896, Ixxii., 723.
I Fed. Inst., xiv., 435.
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APPENDIX.
List of Permitted Explosives under the order of the British Secretary of State.®
Albionite, consisting of the following mixture :—

Parts by weight.
Not more | Notless | Not more | Not less
than than than than

¥ /Nitro-glycerine, . . . 83 804
g Nitro-cotton, . . . . 7 5
<4 Nitrate of rotualum, N 10} 8§ 86 84
g Wood meal, . . . . . 3 2
< “Chalk, - . . . 4

Oxalate of ammonium, . . . 16 14

the wood-meal to contain not more than 15 per cent. and not less than 5 per cent.
by weight of moisture.

* This list is subject to revision in accordance with the results of experimenta
made from time to time in the Government Testing Station at Woolwich.
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Ammonite, consisting of the following mixture :—

Parts by weight.
Not more than Not less than
Nitrate of ammonium, 89 87
Dl-mtro-nsphth:lene, 13 u
Moisture, .
Amuis, consisting of the following mixture :—
Parts by weight.
Not more than Not less than
Nitrate of .mmomum, . . . 91 88
‘Wood-m . . . 6 4
Moisture, . . . . . . 3
Di-nitro-benzol, . oL } 6
Chlorinated naphthalene, . . 4

the chlorine not to exceed 1 per cent. by weight of the finished explosive.

Aphosite, consisting of the following mixture : —

Parts by weight.

Not more than Not less than
I
| Nitrate of ammonium, . . . 62 58
1 Nitrate of potamum, . e 31 28
i Charcoal, . . . . 4 3
1 Wood- meal . . 4 3
Sulphur, . . . . . . . 3 2
Moisture, . . . . . . . 13
Arkite, consisting of the following mixture : —
Parts by weight.
Not more than Not less than
Nitro-glycerine, . . . . 54 38
Nltro-ootton, . e e 4 3
Nitrate of mm, . . e 23 21
Wood-m .. e e e 84 6
Oxalate of ;.mmonium. . 16 14

the wood-meal to contain not more than 15 per cent. and not less than § per cent.

by weight of moisture.
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Bellite, No. 1, consisting of the following mixture :—
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, Parts by weight.
Not wore than Not less than
Nitrate of ammonium, . 8g 82
Di-nitro-benzol . . 18 15
Moisture, .
Bellite, No. 3, consisting of the following mixture :—
Parts by weight.
Not more than Not less than
Nitrate of ammonium, . . . . 95 92
Di-nitro-benzol,. . L. e 8 5
Moisture, . . . .. . 3
Bobbinite, consisting of the following mixture :—
Parts by weight.
Not more than Not less than
Potassium nitrate, . . . . . 65 63
Cl . . . . . . 192 17‘
Sulphur, . . . e e e 2 1
Ammonium sulphate, .. .. 11 9
Cupric sulphate, . . . . 6 4
{ Moisture, . . e e 24
Britonite, consisting of the following mixture :—
Parts by weight.
Not more than Not less than
Nitro-glycerine, . o e e 27 25
Nitrate of potassium, . . . . 34 31
‘Wood-m o s . . . . 43 39
Carbonate of sodium, . e +

the wood-meal to contain not more than 15 per cent. and not less than 5 per cent.

by weight of moisture.
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Cambrite, consisting of the following mixture :—-

Parts by weight. i

|
Not more | Not less | Not more | Not less
than than than than

Nitro-glycerine, . . 25
3 | Nitrate of barium, . . . 4 34
g | Nitrate of Fota.ssium, R 32 a8
£’ Wood-meal, . . 42 39 100 92

3 | Sulphuretted benzol, . .
< | Carbonate of sodium, . .
Carbonate of calcium, . .
Oxalate of ammonium, . .

e e ¢t o+ s e e o
-

the wood-meal to contain not more than 20 per cent. and not less than 10 per
cent. by weight of moisture.

Carbonite, consisting of the following mixture :—

Parts by weight.

Not more than Not less than

Nitro-glycerine, . . 27 25
Nitrate of barium, . } 36

Nitrate of Fotassium, . . 3o
Wood-meal, . . 42 39

Sulphuretted benzol,
Carbonate of sodium,
Carbonate of calcium,

D N T
* s s 0 e o e
D N

-} ;

the wood-meal to contain not more than 20 per cent. and not less than ro per
cent. by weight of moisture.

Clydite, consisting of the following mixture :—

Parts by weight.

Not more | Notless | Not more [ Not less
than than than than

« (Nitro-glycerine, . . . . 27 2§
g 1“{,12:;:6% oi})aritlm. e e e 36 325
-meal, . . . . . 41 38,
‘é Sulphuretted benzol, . . t 100 92
Carbonate of sodium, . . } i
< \Carbonate of calcium, . . .
Oxalate of ammonium, . . . 8

the wood-meal to contain not more than 15 per cent. and not less than § per
cent. by weight of moisture.
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Dahmenite, A, consisting of the following mixture :—

Parts by weight.

Not more than | Not less than

Nitrate of ammoniuam, . . . . . 93 914
N;ihtln.lene, . . . . . . . 63 4
Bichromate of potassium,. . . . . 2 13
Moisture, . . . . . . 1
Dragonite, consisting of the following mixture :—
Parts by weight.

Not more than Not less than

Nitro-glycerine, .o [ 37 34
Nitro-cotton. . . . e e e . 3 2
Nitrate of potasgium, . . . . . 46 43
Vaseline, . . . . . . . . 6 5
Wood-meal, . . e . } 13} -
Charcoal, . Ce e e e

the wood-meal and charcoal together to contain not more than 15 per cent. and
not less than 5 per cent. by weight of moisture.

Electronite, consisting of the following mixture :—

Parts by weight.

Not more than Not less than

Nitrate of ammonjum, . . . . . 75 71
Nitrate of barium, . . . e e . 20 18
Wood-meal, . . . . e . . } 10 7
Starch, . P . . e .

Moi y - e e e $

the wood-meal to be slightly charred

Faversham Powder, consisting of the following mixture :—

Parts by weight.

Not more than Not less than

Nitrate of ammonium, . . . . . 86 84
Tri-nitro-toluol, e e e . 12 10
Chloride of ammonium, . . . . . 2 I
Chloride of sodium, . . . . . . 3 2
Moisture, . e e . . . 3
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Fracturite, consisting of the following mixture :—

Parts by weight.
Not more than Not less than
Nitro-glycerine, . . . . . . . 53} 514
Nitro-cotton, . . Ce e . 4 3
Potassium nitrate, . . . o e e 25 21
‘Wood-meal, . . .. . . 7 [
Ammonium oxalate, . . . . . 16 14

the wood-meal to contain not
cent. by weight of moisture.

Geloxite, consisting of the following mixture :—

more than 17 per cent. and not less than 5 per

Parts by weight.
Not more than Not less than
Nitro-glycerine, . . . SR 57 54
Nitro-cotton, . . . . . . . 5 4
Potassium nitrate, . . . . . . a2 18
‘Wood-meal, S e e e e e 7 5
Ammonium oxalate, . . . . . . 15 13

the wood-meal to contain not more than 15 per cent. and not less than 5 per

cent. by weight of moisture.

Haylite, No. 1, consisting of the following mixture :—

Parts by weight.
Not more than Not less than
Nitro-glycerine, . . . 27 a5
Nitro-cotton, . . . . . . . 1} 3
‘Wood-meal, . . . . . . . 14 12
Nitrate of potassium, . . . . . 21 19
Nitrate of barium, . . . . . a1 19
Minera! jelly (free from acid), . . . 8 6
Oxalate of ammonium, . . . . . 12 10

the wood-meal to contain not more
cent. by weight of moisture.

Kynite, consisting of the following mixture :—

than 15 per cent. and not less than 5 per

Parts by weight.
Not more than Not less than
Nitro-glycerine, . .. . . . 27 2
Nitrate of barium, . . . . . . 36 3<S>
Wood-meal, . . . . . . . 42 39
Chalk, . . . . . . . 3 ..

the wood-meal to contain not more than 20 per
cent. by weight of moisture.

cent. and not less than 10 per
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Nobel Ardeer Powder, consisting of the following mixture :—

Parts by weight.
Not more than Not less than
Nitro-glycerine, . . . . . 1
Kieselguhr, ", . . . . . . :1”:: 31
Sulphate of magnesium, . e e . 3 47
Nitrate of potassium, . . . 6 4
Carbonate of ammonium, . . . . .
Carbonate of calcium, . . . . .
Nobel Carbonite, consisting of the following mixture : —
I Parts by weight.
Not more than Not less than
Nitro-glycerine, . . . 27 25
Nitrate of barium, .. e 43 34
Nitrate of potassium, . . . . . 32 28
Wood-meal, . . . .. . . 42 39
Sulphuretted benzol, . . . .. . )
Carbonate of sodium, . . . .
Carbonate of calcium, . . . . . } §

the wood-meal to contain not more than
cent. by weight of moisture.

20 per cent. and not less than 10 per

Normanite, consisting of the following mixture : —

Parts by weight.
Not more than Not less than
Nitro-glycerine, e e 348 324
Nitro-cotton, . . . . . . . 2 1
Potassium nitrate, . . . . . 463 423
Wood-meal, . . . . . . 9 7
Charcoal, . . . . e 2 1
Ammoninm oxalate, . . . . . 12 10

the wood-meal and charcoal together to contain not more than 20 per cent. and
not less than 10 per cent. by weight of moisture.

Pit-ite, consisting of the following mixture :—

Parts by weight.
Not more than Not less than
Nitro-glycerine, . . . . . . 27 as
Nitrate of barium, . . . . . . 35 31
‘Wood-meal, . . . . . . . 43 40
Carbonate of sodium, . . . . 1 3
Carbonate of calcium, . . . . . |

the wood-meal to contain not more than 15 per cent. and not less than 5 per cent.

by weight of moisture.
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Roburite, No. 3, consisting of the following mixture :—

Parts by weight.
Not more than Not less than
Nitrate of a.mmomum, . . . 89 86
Di-nitro-benzol, . . . 13 9
Chloro- nsphtlnlene. . .. . 2
Moisture, . . . . . . +

the chloro-naphthalene to contain not more than 1 part of chlorine.

Sazxonite, consisting of the following mixture :—

Parts by weight.
Not more | Not less No&:nm Not less

than thau than
b Nitro-glycerine, . . . 68 58
5 Nitro-cotton, . . . . 3 3

3 < Nitrate of tamium, < e . 30 21 91 73
g { Wood-me: . . e . 8 5
< ‘Chalk, . . e

Oxalate of nnmomum, .o 27 9

the wood-meal to contain not more than 15 per cent. and not less than 5 per cent.

by weight of moisture.

Special Bulldog, consisting of the following mixture :—

Parts by weight.
Not more than Not less than
Nitrate of potassium, . . . . . 86 84
Carbonate of magnesmm, . . . . . 33 23
Charcoal, . . . . 13 12
Moutnre, .. . . . 2 -
Stow-ite, consisting of the following mixture :—
Parts by weight.
Not more than Not less than
Nitro-glycerine, . . . . . 61 58
Nitro-cotton, . . . . 5 4%
Nitrate of tassmm, . . . . . 20 18
Wood-m . . . 7 6
Oxalate of unmomum, . .. . 13 1

the wood-meal to contain not more than 15 per cent. and not less than 5 per cent.

by weight of moisture.
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TRAunderite, consisting of the following mixture :—
Parts by weight.
| Not more than Not less than
Nitrate of ammonium, . . . . . 93 91
Tri-nitro-toluol, e e e e 5 3
our, .. - A g 3
Moisture, . . . . I
Victorite, consisting of the following mixture :—
Parts by weight.
Not more than Not less than
Nitro-glycerine, . . . . . 27 25
Nitrate of bariuam, . . . . . 36 32
Wood-m . . .. . . 41i 384
Sul.s;l‘:)nretted benzol, . . . .
Carbonate of sodium, . . . . } i
Carbonate of calcium, . . . . .

the wood-meal to contain not more than
by weight of moisture.

Virite, consisting of the following mixture :—

15 per cent. and not less than 5 per cent.

Parts by weight.
Not more than Not less than
Oxalate of ammonium, . . . . 12 9
Nitrate of ammonium, . . . . 40 35
Nitrate of potassium,. . . . . . 38 33
Sulphwr, . . . . . . . . [ 4
Charcoal, . . . . . . . . 12§ 10}
Moisture, e e 2 1
Westfalite, No. 1, consisting of the following mixture : —
Parts by weight.
Not more than Not less than
Nitrate of ammonium, . . 96 94
Resin, . . . . . . 6 4
Moisture, . . . i
Westfalite, No. 2, oonsisting of the following mixture : —
Parts by weight.
Not more than Not less than
Nitrate of ammonium, . . 92 90
Nitrate of potassium, . . 5 3
Resin, . . . . . . . 6 4
Moisture, . . . . . t
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CHAPTER IV,
SINKING.

Position of 8haft.—The commercial success of collieries depends
in a great measure on the position of the shafts, and before deciding
on their situation, every point should be given careful consideration.
In proved districts where the inclination of the seams is known, the
shaft is generally placed in the deepest point, especially where quanti-
ties of water are expected, as both water and coal gravitate to the
shaft and render haulage easy. Dealing with water in dip-workings is
most expensive. It is often advisable to place the main shaft somewhere
about the centre of the royalty, so that equal areas can be worked on
all sides of it. Surface considerations may, however, overweigh the
majority of the underground points. The disposal of the produce
must be carried on easily and cheaply ; proximity to towns or places
where a household trade can be carried on is important. Communi-
cation with railways or waterways should be studied. A supply of
water for boilers, &c., is requisite, many collieries labouring under
great cost and disadvantages through being unable to obtain this.
In unexplored districts, it is well not to make the first shaft a
principal one, but to sink it down to the seams, and after proving
their inclination, &c., to decide on the position of the main winding-
shaft from data so obtained.

Form of 8haft.—At the present time, so far as European practice
1i8 concerned (except in Scotland), the general custom of colliery dis-
tricts is to make shafts circular. Various other shapes have been
tried—square, elliptical, and polygonal—but have been abandoned
in the majority of cases. In order to economise space many of the
earlier shafts were made rectangular, and are still often so sunk in
Scotland, and in the United States, but it has been found that round
shafts are easier and cheaper to sink, more capable of resisting the
pressure of ‘“heavy ” strata, absolutely necessary in running ground
(the pressure being equalised), and more suitable for the application
of metal tubbing. The waste of space and other disadvantages due
to circular form are less considerable than had been supposed; indeed,
by careful arrangements the space wasted may become almost nothing.
The ventilation of large coal-mines could not be well carried out with
rectangular shafts, as the running of the cages would interfere too
much with the passage of the air; indeed the space unoccupied by
the cages is a positive advantage in numberless instances.

It is a curious fact that rectangular shafts are only to be found
in countries where timber, which is solely employed for securing the
sides, is cheap and abundant and other materials absent. In all other
places where stone, bricks, or iron are available for lining purposes
the circular shape is alone adopted.
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8ize of 8haft.—This depends entirely on the size of tub employed
and on the output required. After deciding on what daily quantity
is to be extracted, and the weight that each tub shall contain, the
number of tubs to be drawn each day and each hour can be obtained.
Knowing the depth of the shaft, the speed at which winding is to take
place, and the time occupied in changing the tubs on the cage, and
allowing a margin for interruptions, the number of tubs to be raised
at each lift is easily found. Then, after deciding how many decks or
platforms there are to be in the cage, the number of tubs on each deck
is established. As the tubs have to be of a certain size to hold the
quantity they have to contain, the number on each deck determines
the size of the cage. If the shaft is only to have one cage working in
it, its diameter must be such as will allow a rectangle of the size of
the cage to pass through freely, allowing a margin for clearance of
from 6 to 10 inches at the corners. If two cages are to be employed
two rectangles should be plotted on paper, with a clearance space
between of from 12 to 18 inches, and a circle inscribed round them,
allowing a similar space as before for clearance at corners. The
diameter of this circle gives the size of the shaft.

Where pumps are required, and have to be placed in the winding
shaft, the room they take up must also be allowed for. The better
plan is, however, to keep everything except winding appliances out of
the main shaft.

OPERATION OF GETTING DOWN TO THE ‘“STONE-
HEAD.”—The first operation in sinking is to get down to solid
regular strata, technically called the ‘‘stone-head.” In the majority
of instances some drift or loose deposits have to be passed through
before firm ground is reached, and a foundation obtained for the
masonry or other means which are to be employed for permanently

securing the sides of the excavation. Often

Cmedarc==>23, this preliminary operation is very troublesome

and expensive, depending entirely on the

fff o~ % nature of the strata.
( (a) Where the ground is moderately

Figs. 05 and g¢6. hard it is usual to first dig down a few feet, and
then place at the bottom of the excavation a
sircular frame of timber called a “crib” or “curb.” This consists of
an annulus divided into a number of segments having joints (Figs. 95
and ¢6); with narrow curbs the segments are usually connected
together by one bolt, but in broader ones two will be employed. At
the surface a square frame is formed by four pieces of timber inter-
secting each other, held by notches where they cross, and with the
ends projecting to some distance beyond. This is often held down by
pegs which give it a grip on the ground. Timber laggings will now
be driven behind the curbs at necessary povints where the nature of the
ground requires them for support, and the two frames are then con-
nected by nailing on strips of stronger planks (called *stringing
deals”) at intervals round the shaft on the inside; in addition, short
vertical struts called punch props are placed between the curbs to
keep them in position (¢, Fig. 97). Then the ground is removed for a
further distance down, a third frame put in, lagged behind, and hung
by a further set of planks from the second curb (Fig. 97, 1, 2, 8 are
the curbs, a a the laggings, b b the stringing deals).

8
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Instead of timber laggings the space between the curbs is often
filled in with a dry walling of bricks called *“back casing,” the curbs
being hung from each other by stringing deals as before.

1f the ground is soft, and does not afford sufficient support for the
curb at the bottom of the excavation, the whole structure is hung by
chains or iron bolts from strong baulks of timber placed transversely
across the shaft at the surface. These tie-bolts are added to and
lengthened as additional curbs are fixed below until the firm ground
is reached.

Instead of employing wooden curbs for timbering through loose
ground, the practice is becoming general of using iron “binding”
rings. Four of these go round the circumference of the shaft outside
brickwork, and are made of flat bar iron about 3 inches by # inch.
They are connected together by bolts, each segment overlapping at the
Jjoints. The same rings are used for the temporary support of the
sides of the shaft during sinking through

ordinary ground, and, apart from the addi- T — 7
tional safety gained, itisadvisable to insist

on their being %1‘1: in immediately sink- o4 He

ing commences below the last brickwork ol o

whether the ground apparently needs it or
not, because, although the rocks appear ¢ 6
strong to commence with, layers of soft
material may set in needing timbering, and
in this event it is difficult to put in the d 3
binding rings without erecting temporary
scaffolds, as they must be fixed from
above downwards. If they are put in as
sinking proceeds everything is easy, because Fig. o7.

the men have the solid bottom to stand on

to fix the rings in position. The distance apart of these rings depends
on the nature of the ground, but 4 feet is usual in ordinary measures.
As soon as this distance is sunk a ring is placed in position, and is
suspended from the upper curb by a series of iron hangers, each about
1 inch square, having each end bent back to form a hook. The upper
end is hooked over the angle edge of the last curb, while the lower
end supports the first binding ring. Laggings are then driven down
around the circumference of the shaft, and are made tight by wedging,
if necessary. Afterwards sinking proceeds until a further distance
of 4 feet is reached, when the second binding ring is hung from the
first, and laggings put round as before.

By arranging a number of bolt holes in each segment and making
all these holes of the same size, and an equal distance apart, the
segments can be made to overlap each other more or less, as desired,
and thus fit a smaller or larger excavation, if necessary. In Figs. 98
and 99, @ a are the iron binding rings, b b the hangers, and ¢ ¢ the
timber laggings.

The permanent lining is then put in by one of the methods
described further on, care being taken that all the temporary timbering
is removed.

(b) Where the ground is loose different methods to the fore-
going have to be employed. Sinking through quicksands and heavily
watered beds is one of the most costly operations connected with
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mining, and calls forth all the skill and experience of engineers. The

means used for reaching the ‘stone-head” where quicksands are

present depend in a great measure on the thickness that has to be
through.

(1) Pile-Driving.—At one time the general method adopted was
by what is known as * piling,” which consists of driving vertically
downwards, all around the circumference of the shaft, wooden planks
with their edges touching each other, and supporting them internally
with curbs. The planks or piles used are generally from 10 to 1§
feet long, 6 inches broad, and 3 inches thick, having their lower end
tapered off to a cutting edge, and their upper one strengthened
with a wrought-iron
hoop, so that they are
not split by the blows
of the wooden driving
maul. 1ln forming the
oo o e - cutting edge, all the
& | % taper is given on the
T

i

— inside, the outer side not
being touched, as if it
was cut to a V form the

T | D S G G S | ) G 8 Y 8
N0 DO

piles could not well be

W Z driven down vertically,

K = a8 the tendency would be

¢ > for them to incline to-

=, wards the centre of the

: 5 Y shaft. In hard ground

e { <<~  the cutting ends of the

TR ' ' planks are shod with iron

to enable them to pene-
trate more easily.

The width of the sup-
porting curbs depends
on the size of the exca-
vation. They are, how-
ever, generally made
about 6 inches broad,
and placed at oloser ver-
tical distances in large

Figs. 98 and 99. shafts than in smaller
ones.

When the bottom of the first length of piles has been reached, and
a curb placed round as a support, a second set are driven down instde
the lower supporting curb, so that the diaweter of the shaft is reduced
in that length by twice the thickness of the laggings and twice the
breadth of the curb, or, if 6-inch curbs and 3-inch piles are used, by
18 inches. As this reduction takes place with each course of piles,the
shaft has to be commenced at the surface with a diameter sufficiently
large to allow it. It therefore becomes necessary that the thickness
.of the quicksand to be passed through should be approximately known,
such being usually found by boring. If piles 15 feet long are used a
fresh course will have to be put in about every 12 feet, therefore if the
quicksand is 60 fees thick, five reductions will take place, altogether




116 TEXT-BOOK OF COAL-MINING.

amounting to 5 x 14 = 74 feet. If a 15 feet shaft is being suuk with
brickwork lining 18 inches thick, the diameter at the bottom of quick-
sand must be at least 18 feet, and at the surface the excavation will
require to be 18 + 7}h= 253 feet diameter.

Oommencing at the surface, the ground is excavated as far as it
will stand, and the first curb carefully laid down, with its centre
coinciding with the centre of the shaft ; the lining
of piles is then driven down as far as possible,
ancF the ground taken out on the inside till a suffi-
cient distance has been sunk to require the sup-
port of another curb, which is accordingly placed
in position. The piles will then be driven down
a further distance, more ground excavated, and
80 on until the bottom of the first set of piles is
nearly reached. A supporting curb (a, Figs. 100
and 1o1) will then be fixed against the piles and
a second one b, 18 inches less in diameter, will be
placed inside it, leaving an annular space of 3 inches
between the two. A second set of laggings, ¢, will
now be driven down in the space left between the
two curbs, and the same cycle of operations gone
through as before. This process is repeated until
the solid ground is reached.

The method just described is the one generally
adopted in the North of England, and where the
ground is very loose and of a watery description.
Sometimes, however, instead of driving down the
piles vertically they are inclined outwards (a, Fig.
102), and then as the ground is excavated towards
their lower end, the pressure gradually drives
them forward. When the ground has been got
out for a short distance in the bottom, supporting
curbs b are fixed in the same manner as before. Figs. 100 and ror
As the piles in this instance do not touch each ’
other at their lower ends, straw, or similar material,
is pushed between the joints, to prevent the sand
from flowing into the shaft.

When the ground is very loose or watery, the
difficulty of using the latter class of piling is sur-
mounted by the so-called method of * quartering,”
in which only a portion of the circumference is
attacked at a time. Commencing from the upper
curb ground is taken out for a depth of 3 feet in
the centre of shaft, piles 4 feet long are driven
down for a length of about 8 feet round the cir-
cumference of the shaft, and when each has gone in
its full length the top end is knocked back under the Fig. t02.
curb. The ground is got out for a length of 3 feet
in front of the piles, a segment of a curb laid on the bottom perpendi-
cularly under the upper one, and the space between filled in with dry
brick-work ; when this is completed the two curbs are connected by
nailing on stringing deals, and a further series of piles driven down at
the end of those already in position. Sufficient ground is then excavated

!
|

- —-llo
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in front of the piles. until room is obtained for another segment of the
curb, this joining up to the first one laid. The space between this
and the upper curb is then filled in with dry brickwork as before,
more piles driven down, the ground excavated, a third segment laid,
and the process repeated, segment after segment being ‘ quartered ”
in, until the whole circumference is firmly secured for the length under
consideration. A lower length is then attacked in a similar manner,
and then another, and so on until solid ground is reached.

(2) Drums.—The method of pile-driving is an exceedingly expensive
one, and is often superseded by one of the so-called * drum " methods.
Ia this system a drum either of wood or iron of a diameter sufficiently
large to allow the permanent walling being inserted inside it is sunk
through the sand.

(‘:z) IWood.—A curb (Fig. 103), 14 or 18 inches broad by 6 inches
thick, is firat laid truly level on the top of the bed to be sunk through,
and a tier of masonry built on it to a height of about 3 feet when a
second ocurb will be laid, and connected to the first by iron tie-bolts
passing through the brickwork. In order to prevent the dislocation

of the masonry, and to reduce friction during

descent, a close lining of planks is nailed around

the outer circumference, these being planed at

the edges where they meet, to ensure a water-

tight joint. A further length of masonry is

then built on the second curb, a third one laid

and connected with bolts, and laggings placed

round the outer circumference, as before. In

Fig. 103, a and b are curbs, ¢ a wrought-iron

connecting bolt, and d the lagging planks.

Where the ground is of loose description, the

weight causes this drum to sink, but if the

Fig. 103. beds are more coherent, the bottom curb is

provided with a cutting edge, either by bevel-

ling off the inside or by attaching an iron shoe. Opinions differ

as to the advisability of employing outters at all, it being con-

tended that they are merely a source of weakness, as when any

exceptionally hard substances are met, the tendency is to turn the

cutter outwards, and often rupture the drum. The ground in the

centre of the shaft is then slowly removed, and the cylinder sinke.

A man stands on the arum with a straight edge and level and gives

directions as to where material is to be excavated if one side *“ hangs”

behind, but care is taken not to remove any ground near the curb for
fear the drum should suddenly sink, and “ cant” over.

When the drum has sunk, say a distance of 3 feet, more brick-
work and another curb will be added at the top, and connected to the
others by bolts as before. This is repeated every time the drum sinks
the certain specified distance, until, in the course of time, the solid
ground is reached. . ) o

The great difficulty encountered in sinking by this operation is in
keeping the drum truly vertical. Constant supervision and care must
be exercised to prevent canting. As a matter of fact, the drum
never goes down regularly, but does so by fits and starts, sometimes
falling through 5 or 6 inches at a time. With each such movement
cross-staffs are placed on the curbs, and a spirit level applied, to see if
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the apparatus is horizontal. If it is not, either a small quantity of
groun(fmis taken away from beneath the highest part, or additional
weights are added to the drum on that side.

(8) Iron.—The objection to wood drums is, that they require
nearly as large an excavation as if piling was employed, for often,
after getting down some distance, the whole structure sticks, and
cannot be moved. A second one has then to be sunk telescope
fashion inside the first. To get over this, wrought or cast-iron drums
are used, as, although they sometimes have to be telescoped one
within the other, comparatively little space is lost. With cast-iron
ones, the circle is composed of a certain number of segments, varying
from 4 to 5 feet long by 2 feet deep, strengthened by vertical and
horizontal ribs, similar to Fig. 126. As these strengthening ribs are
on the tnside, the outside surface is smooth, and meets with little
resistance in passing through the ground. The joints between the
different segments are made with sheet lead and bolts, and a cutting
edge is attached to the bottom segment. The procedure is very
similar to that with brick drums. They are usually weighted, and
to make this more easy to carry out, the ribs are made broader. If
sufficient weight cannot be applied by placing material on these ribs,
two sets of timber buntons are placed across at right angles to each
other, and a platform laid on them, upon which any amount of débris
can be placed, a passage being left through the centre for the workmen
to reach the bottom of the cylinder.

On the other hand, it often happens in very watery ground that
the drum has a tendency to sink too fast, and, unfortunately, not to
do this equally, but to get lower on one side than the other, and as
this is a point which it is particularly desirable to prevent, the tubbing
is hung at four points by a chain and lowering-screw arrangement
from strong transverse beams at the surface. Where such means are
employed, the tubbing is easily kept perpendicular, as, even if the
sand 1s watery on one side, or boulder-stones cause an obstruction,
it is only necessary not to let out a screw on the side which requires
checking. Instead of cast-iron drums, which are liable to break, owing
to the unequal strain to which they are subjected, wrought-iron ones
are sometimes employed.

In Germany, these iron drums have been forced down through
ground of moderate hardness, both by hydraulic hand presses and
mechanical presses working in combination with, and actuated by,
hydraulic accumulators. By this improvement it was found possible
to keep the sinking cylinder in advance of its work, but the means
for loosening and removing the material inside the cylinder did not
keep pace with such improvements. The walls of the cylinder have
consequently been fitted with a number of pipes, through which the
loose material is pumped up, while a revolving cutter, which works
in the centre of the shaft and throws the material out towards the
circumference, is used for the disintegration of the quicksand or clay
which is being sunk through.

Comparing the two systems, there is little doubt that, where the
thickness of ground to be passed through is large, the iron drum
possesses certain advantages, as by its use a smaller excavation is
necessary ; its sides do not offer such a resistance in passing through
the strata, and the time of sinking is less, owing to the ready way in
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which the various parts are put together and added to; but unfor-
tunately, it often breaks, which occasions months of delay, and in-
creases the cost of sinking. This is the only advantage possessed by
wooden drums; instances are to be found where such have been
pushed into an oval form, and yet have not collapsed.

When the sinking has reached the stone-head, no matter what
system has been used, the procedure afterwards is always of a similar
character. The ground is carefully prepared for the seating of a curb
. upon which the permanent lining is brought up to the surface by one

of the methods to be described further on, all temporary timbering
being removed as the work comes upwards. As a matter of fact, the
_lining is usually carried a short distance above the surface of the
surrounding ground to secure some “tip” for the débris which is
excavated from the sinking.

METHOD OF PROCEEDING AFTERWARDS.—On reach-
ing the solid ground, excavation proceeds with the tools described in
the previous chapter, those employed depending entirely on the nature
of the strata which have to be passed through. Several difficulties
are encountered where machine drills are employed. Owing to the
uneven nature of the bottom, the ordinary tripod stand is used with
difficulty, taking from five to ten minutes to fix, and then the legs
move during drilling if the ground is soft. As no roof exists, the
vertical stretcher bar has to be replaced by a horizontal one. This is
not easy to fix, and takes so much time to adjust, that often, instead
of moving the bar and drilling holes in the most favourable position
for blowing, they are put down in such places as suit the drill, and
consequently are not so effective. Considerable time is also lost in
raising drills and bars out of the way when blasting takes place.

To obviate these disadvantages a boring frame is employed con-
sisting of four main stretcher bars, a a (Fig. 104), hinged to a central
support, b, and suspended by a chain, ¢, and capstan rope. Each of
these bars is provided with a lengthening screw and claw, so that the
whole structure can be readily clamped in position, and as it shuts up
when not fixed against the side of the shaft, it is equally easily with-
drawn. To keep the structure from lifting by the impact of the
drills when boring, four secondary arms, < d, are arranged near the
top of the frame, these being strutted against the sides at a slight
inclination upwards, and, in addition, heavy cast-iron blocks, similar
to those used on the tripod stand of an ordinary percussion drill, can
be fixed on the central support b to counteract the upward thrust.
As each of the arms a may be moved radially around the centre, if
the drills are mounted on swinging arms (see Fig. 71), they can be
placed at any angle and clamped in any position, and the holes put in
anywhere.

Where drills are adopted, the general procedure is to first bore all
the holes required, hoist up the frame and drills by an engine, fire
the holes simultaneously, and then load up the débris until the bottom
is clear, when the drills are again lowered and fixed, and drilling
recommenced. In hard ground, probably only one set of holes will
be bored and blasted and the rock removed in twenty-four hours.

Another practice gaining ground, is to lower the walling stage to
about 8 or 10 feet from the bottom, wedge it there and form an
artificial roof, and then use ordinary vertical stretcher bars.
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Another method proposed, and, indeed, tried in two instances, is
to start at the surface and bore a series of holes 200 or 300 feet dee
with the aid of the diamond drill, and fill them up with san
Blasting then commences by removing 4 or 5 feet of sund from the
holes, and firing them in groups, this process being repeated until the
bottom of the holes is reached, when the drills are again introduced,
and a further distance bored. The Pottsville shaft, U.S.A., was sunk
in this manner,* 25 holes being bored 1% inch in diameter about 3
feet 3 inches apart in one direction, and 4 feet in the other. The cen-

tral group of holes was always fired first, and the outside rows
afterwards. The process was expeditious, but the financial result
does not appear to be satisfactory. At Harris Navigation Oolliery,
the same method was tried for about 70 yards but abandoned.

Fig. 104. Fig. 105.

With the object of providing support for the curb carrying the
upper length of lining, when sinking recommences, the excavation is
carried down for about 3 to 5 feet, lineable with the ¢nside of the
curb (a, Fig. 105), then shorn back until the diameter is large enough
to take in the permanent lining, and afterwards carried downwards
this size, until the strata require more support than temporary tim-
bering affords. A seating will then be made for a curb, b, leaving a
space, ¢, in the bottom of the shaft for the collec-
tion of water, &c., and the walling built on it
up to the curb above, the ground a being re-
moved for this purpose, not all at once, but in
sections.

Keeping the 8haft Vertical.—This is done
by the aid of a centre line which is either a cord
of special manufacture about § inch in diameter, Fig. 106.
or preferably a copper wire, long enough to reach
from the surface to the bottom of the shaft when completed. Oneend
of this line is coiled on a small drum situated near the top of the pit, and
the other end is led by pulleys to the exact centre of the shaft. Asa
rule, the central point is a hole bored through a baulk of timber placed
across the shaft, but a better plan is to provide a hinged arm (a, Fig.

26 *«“A New Method of Sinking Shafts.” E. B. Coxe, Amer. Inst. M. E., i.,
1.
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. 106) built firmly into the masonry. When in use this is kept in its
proper position by the stop 6, but if not, it is folded upwards into the
position shown by dotted lines at ¢. After the line has been passed
through the centre hole, a link is attached, from which a weight can
be hung, this dipping into a bucket of water at the bottom, so that
the line is steadied. As soon as the proof has been made the weight
is removed, and the cord wound up again on the drum.

In order to minimise the time lost in steadying the plumb-bob, Mr.
‘W. Foulstone * has designed an arrangement consisting of a wrought-
iron girder fitted with a pulley at the end hanging over the shaft, and
with a rack on its upper surface. This rack is geared into wheels
supported on two fixed girders projecting a short distance over the
shaft, which also carry a small winch on which the testing line is
wound. By means of the gearing and rack, the wrought-iron arm
carrying the centre line can be run out, so that
the latter hangs exactly in the centre of the
shaft. The centre line and weight, when not in
use, are left hanging in the shaft, near to the
side, some 30 yards above the bottom out of the
way of shots, and can be run out by the rack
to the exact centre, and the weight lowered by
the drum, in a few moments.

For determining whether sufficient ground
is removed, the master-sinker is provided with
a “centre” staff, which is a wooden rod about
1} inch square, and equal in length to the out-
side radius of brickwork. This is moved round
the central point as excavation continues.

For setting out the curbs exactly beneath
each other a series of cords (@, Fig. 105) are
hung all around the circumference of the shaft
at intervals of about 3 feet. These are attached
to the inside of the upper curb, and serve, not
only to set the curb below, but also as a guide
for the amount of excavation. Every third
curb will be checked by the main centre line,
the intermediate ones being set out by the side
lines.

Winding Débris.—The material excavated
is brought to the surface in wrought-iron barrels
called kibbles, hoppits, or bowks, the general
shape being shown in Fig. 107. Atthe topisa
bow of wrought-iron swung to the body by two eye-pieces riveted to the
sides of the kibble. Attachment is made to the winding rope through
a spring hook (Fig. 108). With such construction time is lost at the
surface, as the full bowk has to be taken from the rope and replaced
by an empty one. For this reason the tipping kibble is preferred.
Its body is similar to the one already figured, but the wrought-iron
bow is not attached at the top but at a point below the centre of
gravity, so that when full, the tendency is for the kibble to turn over
and empty itself. To prevent this happening during hoisting, two
short vertical pins (Fig. 109) are riveted to the inside of the bucket,

* Fed. Inst., v., 364
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and an ordinary chain link, sliding on the arms of the bow, passed -
over them. On reaching the surface the safety links are lifted off the
%‘35’ when the hoppit immediately turns over and empties itself.

ith such a system the kibble is only removed from the rope at the
bottom of the shaft, one disconnection being saved. The seams of
these kibbles must be caulked, as when
there is any water in the bottom of the
shaft, a certain quantity is loaded up
each time with the débris.

Covering over Pit Top.—This was
originally done by means of a travelling
platform, which could be wheeled over
the shaft when the kibble reached the
surface, and removed again when descent
had to be made. The labour here is con-
siderable, and time is lost. To get over
these drawbacks, two hinged doors with
their weightcounter-balanced are adopted.
These, when open, form a fence protect-
ing the pit top on two sides ; the other
two are guarded with a permanent fence.
When these are down they entirely close
the opening, and two rails on the upper
side of each door form a continuation Fig. 109.
of the tramway going to the dirt heap.

Even, however, with these a little time is lost, as each door has to
be lifted separately ; so, to remove this complaint, Mr. Wm. Galloway
has designed an arrangement of levers and counterbalances (Fig. 110)

.
.
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Fig. 11o.

by means of which both are opened at the same time. Two hinges,
a a, are bolted to each door, and keyed on cross shafts, b b, to which,
by means of a handle, ¢, and connecting links, a8 movement of rotation
can be given, and as the hinges are fixed to the cross shafts the doors
lift when the latter turn. The weight of the doors is counterbalanced
by four blocks of metal, ¢/, so that they will stand at any position in
which they are placed.

Guides.—The introduction of guides in sinking pits is desirable
to prevent the oscillation of the kibble, which gets especially large in
deep undertakings, considerable time being lost in steadying it before
winding commences. Two methods are adopted ; in the first, a single
guide rope is passed down the centre of the shaft, while, in the other,
two ropes are used. In each system these guides, which are of flexible
wire, are coiled on a drum worked by a capstan engine at the surface,
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and can be lengthened as the sinking proceeds; they also form the
means by which the walling stage is raised during bricking operations.
In the former, however (see description, p. 139), the walling stage is
removed during sinking, and the kibble is guided to the bottom of the
shaft ; while, in the latter, one end of each guide is always attached
to the walling stage which remains in the shaft during sinking, and
the kibble is only guided to the point where the walling stage is
suspended. Each system has its advantages, as with one central rope
the kibble is guided all the way, and if a heavy weight be hung at its
lower end, the centre line of shaft is obtained without any further
trouble, while, in the two-rope system, walling can proceed while
sinking is going on below, thus saving considerable time, an advantage
not possessed by the other method.

The system of employing two guides was patented by Mr. Wm.
Galloway in 1875. In it, two wire ropes (a a, Fig. 111) are connected
at their Jower end to the walling stage, and pass over two pulleys on
the headgear to drums worked by a steam
crab, each drum being able to be moved
independently, to provide for any casual
irregularity in the length of guides. An
iron frame, consisting of two legs joined

o
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Fig, 111, Fig. 1.

together by a cross-bar, called the ‘rider,” clasps the two guides
loosely at four points, b5, thus preventing any chance of cross-binding.
The winding rope passes through a hole in the centre of the rider.
The capping connecting the winding rope and chain going to the
kibble is provided with a buffer, ¢, consisting of alternate layers of
india-rubber and sheet iron, which are of larger diameter than the
hole in the rider cross-bar, and therefore cannot pass through it.
When the kibble arrives at the surface the balanced doors are closed,
a tipping waggon (one form of which is shown in Fig. 112, the sketch
explaining itself) run beneath, and the kibble emptied into it. The
waggon is then removed, the doors opened, and the bucket and rider
lowered away until the walling stage is reached, when the arms of the
rider are caught by two buffers on the bridle chains. The kibble and
winding rope continue their descent, passing through the square
opening in the stage, until the bottom of the shaft is reached. In
ascending, the winding rope slides through the central opening in the
rider cross-bar, until the buffer on the capping comes in contact with
it. The rider is then lifted to the surface.

In sivking the Harris Navigation shafts, the time occupied in
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winding, changing, &c., before adopting guides, was 4 minutes 49
seconds from a depth of 475 yards, whereas, after the guides were
put in, the time fell to 3 minutes 26 seconds from a depth of 530
yards.*

LINING SHAFTS.—In describing the operation of getting
down to the stone-head, both timber and iron were alluded to as being
employed for securing the sides of the excavation only as a temporary
means. As soon as this point is reached some other method of a more
permanent character is adopted. Several substances are employed
for permanent lining under ordinary circumstances, such as wood,
stone, or brickwork, but, except in cases where the two former are
plentiful and cheap, they are rarely used. Bricks are plentiful in
most colliery districts, and in the great majority of instances are
adopted. Sometimes they are moulded to the shape of the shaft, and
when such is done the labour of laying them is reduced and the joints
are well made, but in large shafts, where the curvature is small, ordi-
nary g-inch bricks are generally employed as they are much cheaper.

Bricks.—For all mining purposes, the bricks used should be good
hard burnt ones, and free from cracks and stones. The clay of which
they are composed should be rich in alumina and thoroughly ground
in a pug-mill; they should also emit a ringing sound when struck.
The surface should not be too smooth, a probable result of over-
burning, or the mortar does not readily adhere to them. When made
by machines in which wires are used for cutting the blocks of clay
into the required shape, the edges are left rough, and this, instead of
being a disadvantage, really assists the brick in laying hold of the
mortar,

Number of Bricks required.—The easiest way to find out how many
bricks are required for walling is to calculate the cubic contents of
masonry for each yard in depth, and then multiply by the total depth,

If D = the outside diameter of brickwork in feet and d the inside
diameter (D% — @?) x ‘7854 will give the area in square feet of the
annular ring; this multiplied by 3 (number of feet in yard) and
divided by 27 (cubic feet in cubic yard) gives the number of cubic yards
of masonry for each yard of depth, or simpler still, divide at once by
%7 = 9. Ordinary bricks are 9 x 44 x 3 inches, so that a cubic yard
of masonry would contain 4 x 8 x 12 = 384, if mortar was absent.
As this occupies a certain space it is usual to consider in practice that
1000 bricks will build 3 cubic yards.

Mortar.—The mortar used is generally composed of lime and
sand, and should be of a slightly hydraulic character. The ingredi-
ents, whatever they may be, are usually mixed in a mortar mill,
which not only considerably reduces the labour of production, but
also the cost, as with it all rough parts are ground up, and no refuse
is left, as there would otherwise be if ordinary hand-made mortar was
employed. As a substitute for sand, clinker-ashes from underneath
boilers are largely employed with most satisfactory results, as they
give ordinary lime somewhat of an hydraulic character, and the
mortar sets very much quicker and harder than when sand is used.
It is, however, very necessary that these ashes should be free from
the finer or smaller parts. As they are a waste product at collieries,
considerable economy results from their use. Where the strata are

* Inst. C.E., Ixiv., 26.
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wet, and the brickwork has to resist the passage of moisture, cement
is often used, either by itself or mixed and ground up with lime.
Where cement is adopted, it should be used as quickly as it is made,
if not, it partially sets, and has to be broken up and made over again.
Thus, not only is time lost, but the cement sets neither so well nor
so quickly on the second operation, and the strength is materially
reduced. :

Whatever quality of mortar is employed, too much must not be
used, as it is not so good for resisting pressure or the passage of water
as a brick. The proper thing to do is to lay a bed of mortar, and not
place the brick in its proper position, but drop it down a few inches
away, and then rub it towards the place at which it is to be fixed.
When the bricks are of a close-grained character they absorb moisture
so quickly from the mortar that the mixture dries before it is properly
set, 80, to prevent this, it is usual tefore laying such bricks to soak
them in water.

Thickness of Brickwork.—The thickness of walling depends
entirely on the diameter of the shaft and the nature of the strata.
If it is coherent rock a single brick is used, more as a preventive of
weathering action than as an actual support. In looser ground,
brickwork from 14 to 22 inches thick is put in. Opinions differ as
to whether brickwork in shafts should be made solid—that is to say,
whether it should be carried up to the limits of the excavation, or
whether it should be finished off at a certain distance and some looser
substance interposed between it and the strata. The author’s experi-
ence is decidedly in favour of the latter. Where the brickwork is
made to abut against the rocks, and heaving takes place, it is either
bulged or broken, but if, on the other hand, some soft packing sub-
stance is interposed between the sides of the rock and the brickwork
in the shaft, the first result of pressure is to compress and tighten
this loose material. If any heaving takes place at one point, all the
pressure is not thrown on the brickwork opposite to it, but, owing to
the soft compressible stuff being interposed between, is distributed
over a larger extent of surface. At the same time, it should be
pointed out that no spaces or cavities should be left between the
brickwork and the sides of the shaft, but every opening carefully
filled in with loose, fine material. Coke dust or well-burnt small
ashes are excellent for such use, and often the small dust from stone-
breaking machines, where such can be obtained, is employed. Sand
is too heavy for shaft work.

Ordinary Curbs.—The brickwork is put in in sections, each
length being supported on curbs. Wooden curls are generally
employed, similar to those already described, but as they decay
somewhat readily, cast-iron ones are often substituted. A curb of
this material employed in a shaft 19 feet diameter is shown in Fig.
113. It is cast angle shape, and is 10 inches broad by 4 inches high
by § inch thick. Ten segments form the circle, and each one is
strengthened by two ribs. Two holes are left in the transverse
ribs at each end, through which bolts are passed to connect the
segments together.

Water Rings.—If the strata are at all wet, more or less moisture
always percolates through the masonry, and is collected in what are
called “ water rings” or “garland curbs,” from whence it is conducted
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down the shaft in tubes. The ordinary construction of water ring
consists of an iron curb cast with a hollow groove. These are bedded
as usual, but the brickwork for a short distance above is shorn back
(Fig. 114), s0 that the water readily passes into the groove, but in
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Fig. 113. Fig. 114.

winding shafts the small pieces of débris which drop off the cage,
unfortunately pass in with equal readiness, and soon choke up the
water room, necessitating frequent cleaning out.

A superior construction for larger quantities of water is illustrated
in Figs. 115 and 116. For a few courses the brickwork is made solid,
and an ordinary curb, a, fixed in position. All the joints in the curb
and between it and the brickwork are made with tarred flannel, and
the space behind the curb is well rammed with puddled clay. Two
courses of brickwork, b, are laid, but are set back from the rest of
the work as figured. A shrouding, ¢, provided
with a ledge on the tnside, is nailed all round
the front of the curb, the horizontal and vertical
Joints being made with tarred flannel as before.
A series of bricks, d, are then placed, bridging
over the space between b and ¢, but these are not
continuous all round the shaft, blank spaces being
left alternately; the result is, that a series of
pigeon-holes are formed (¢, Fig. 116), the object of
which is both to allow water to readily pass into
the space (f; Fig. 115), and to afford means for re-
moving the sediment which collects in the course
of time. After two rows of these bridge bricks
have been put on, a light curb, g, is fixed, and on
it the ordinary brickwork of the shaft is built.

Walling 8Stages.— When commenced the
operation of walling is carried on as rapidly as
possible. It was formerly performed on ordinary Figs. 115 and 116~
scaffolds supported by cross-baulks of timber, which
rested on the brickwork already put in, holes being left at intervals
for the insertion of byatts. This necessitated the labour of raising the
scaffold each time the work got too high for the masons to reach.
Such procedure is entirely superseded by employing a circular stage, a
little less in diameter than the finished size of shaft, which is bodily
lifted up by a crab-engine on the surface. In its ordinary form it
consists of three parts, a central one and two side-pieces working on
hinges, connection being made to the ropes by two sets of three bridle
chains. The great advantage derived by this latter method is speed,
as instead of having to lift the scaffold, it is only necessary to signal to
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the engine on the surface to have it drawn up. As soon as it arrives
at the proper point it is steadied, either by pushing a series of small
radial bolts into holes left out in the brickwork, or by driving down
two wedges into the annular space between the stage and the masonry.

In large shafts the walling stage is a very elaborate and substantial
structure, and is so constructed that sinking can be carried on under-
neath while bricking proceeds at a higher level. Mr. Wm. Galloway,
in the No. 1 pit at Llanbradach, has adopted a form, shown in Figs.
117 and 118, which consists of a wooden floor on an angle-iron frame,
part fixed and part movable, and an upright tube connected to this
iron frame. The lower frame consists of four pieces of angle-iron,
d! d? crossing each other at right angles, a circular band of angle-iron
in three segments, and a straight piece of angle-iron joined to the
short ends of d2 and to the ends of the circular frame, as illustrated.
The object of the latter piece is to enable the hinged door 4 to be
placed in the part forming the smaller segment of the circle. When

Figs. 117 and 118. Fig. 119.

the stage is taken past the pipe buntons the door is raised up. Four
upright pieces of angle-iron connect the upper frame and the lower
one, and four plates of sheet iron, attached to the four uprights, form
the fence around the central opening in the stage. The roof is 10 feet
6 inches above the stage proper. It is formed similar to the floor, but
is of rather smaller diameter, and is covered with sheet-iron. An iron
ladder, m, provides a means of access from one stage to the other.
The whole structure weighs about 5 tons, and is suspended from the
guide ropes n n, which are 5 feet 6 inches apart from centre to centre.
In the No. 2 shaft the details have been altered somewhat, two
openings being provided, as two kibbles are employed for winding
purposes. In this instance suspension is made by two ropes, which
serve the purpose of four guides, by the following attachment :—The
-end of each suspension rope is attached to a strong screw in the pit-
head pulley, and paszes downwards to the walling stage, then round a
small pulley fixed on it, proceeds a short distance across the stage,
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round another pulley similar to the first, then vertically up the shaft,
and over another pulley on the pit-head frame, finally going to the
drum of the capstan engine.

A model of a similar appliance was exhibited by the Roche la
Moli¢re Company at the Paris Exhibition, 1889. It consisted ofan iron
ring from 25 to 39 inches deep (a, Fig. 119) of the exact diameter of
the finished shaft, suspended from bridle chains. A similar ring was
hung about 10 feet below, and the two connected together by a series
of iron rods. These two rings support two scaffolds, on the upper one
of which the men stand to do the bricking. The bricks, &c., are
placed round in contact with the upper ring, the platform slowly
raised, and another tier of masonry placed in position. In this way
the time usually spent in measuring the diameter and ascertaining the
verticality of the shaft is saved, the top ring being kept a few courses
above the brickwork to give a guide to the masons, the object of the
two rings evidently being to keep the scaffold in a vertical line.
Where the spaces between the masonry and the sides of the shaft are
to be filled in with cement, &c., deeper rings are employed, so that
more of their height might be left below as a support until the
cement sets.

Supporting Curbs.—It often happens that when the sinking is
passing through rotten ground lengths of walling are required to be
put in to secure the sides, but suitable places cannot be found on
which to seat the curbs. In such cases the difliculty is got over by
one of two methods, either by putting in what are called ‘“square
frames,” or by supporting the curb on a series of iron plugs driven in
all round the circumference of the shaft.

Fig. 120. fig. 121,

A square frame, with its sides equal to the diameter of the shaft, is
placed at the point where the walling is to commence, and as the
corners of this frame project a considerable distance beyond the cir-
cumference of the pit (Fig. 120), sufficient support is afforded to the
curb. In large shafts the amount of ground to be excavated for a
square, having its sides equal to the diameter of the pit, would be so
great that the cost would be a serious matter; so, to remove the
difficulty, and yet obtain some support, the square is replaced by an
octagon (Fig. 121).

The better method is to bore a series of holes, 2 inches diameter
and 3 to 4 feet apart, around the circumference of the pit, to a depth
of 3 to 4 feet, depending on the strength of the ground. These must
be on a truly horizontal plane, and wrought-iron or steel plugs are
firmly driven into them, leaving a projecting portion upon which the
curb is bedded (Fig. 122).
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Ventilation.—This is usually done by laying a line of sheet-iron
pipes from 15 to 20 inches diameter down the side of the shaft, and
counecting them with a small blowing fun at the surface. These pipes
are held in position by dog-hooks driven firmly into the masonry, and
are usually conunected to one another by a bolt passing through a light
bracket riveted to each pipe.

Lighting.—In districts liable to sudden outbursts of gas the same
precautions have to be adopted in sinking as in ordinary working, and
safety lamps are employed, but these give a very imperfect light in a
downwards direction, where the sinker wants it most particularly.
Of late years the electric light has been employed, with most satis-
factory results, as, owing to the clear light given, the men do a great
deal more work. A cluster of incandescent lamps, protected by a
glass globe, is generally employed, this being suspended from a cable,
which is wound on a drum at the surface, and which gives a ready
means of raising or lowering the lamps, either to give more light, or
to remove them out of danger when shots are being fired.

A concentric cable, or two cables insulated from each other but
joined together to form one rope, can be employed. This cable, which

should be long enough to reach to the bottom

of the shaft when sinking is complete, is coiled

on a drum, and the two terminals of one end

soldered to two copper rings fixed concentric

with the drum axle, but insulated from it and

&, from each other. Two copper strips, fastened

to, and insulated from, the wooden framework

of the machine, rest on these rings, and are

connected by binding screws with the cables

from the dynamo. These strips and rings

form a rough commutator and brushes, allow-

ing the drum to be revolved without breaking

electrical contact. The current passes from

the dynamo to the strips, thence through the

rings to one end of the shaft cable, and to the
b lamps suspended from the other end.

c Dealing with Water.—The presence of a

small amount of water largely increases the

cost of sinking. A small quantity is got rid

o of by baling with a bucket into a tipping

\§ \ barrel, similar to the tipping kibble, and then

R\\\\\\\.&\; winding it to the surface. This is a very

Figs. 123 and 124. slow and costly procedure, and where the

quantity is at all large, one of the different

classes of pumps will have to be employed. These are described
in the chapter on pumping.

To save the time and cost of baling Mr. Galloway has designed a
pneumatic water tank, which consists of a cylindrical barrel, 4 feet
2 inches diameter and 8 feet high, closed at the top in which there is
a door (a, Fig. 123) bolted to the cover, this giving access to the
interior when necessary ; the bottom, c d, is 5 inches above the base
of the cylinder, and has a central opening 18 inches diameter for the
valve seat which is turned in a lathe. The valve b consists of a block
of cast-iron (¢, Fig. 124), having its lower face turned true, and over

9
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which a sheet of leather is tightly capped. A circular plate of iron,
16 inches diameter, is bolted to this valve, by bolts having counter-
sunk heads, as shown in Fig. 124. A spindle, A, working through two
guides, having a turned ball in its lower end, is held loosely in a
socket in the valve, as shown, by which means the vertical movement
of the valve is secured, while the ball-and-socket joint enables it to
readily accommodate iteelf to the seat in any position in which it may
be turned.

At % is one-half of an instantaneous coupling, supplied by the
Vacuum Brake Co, constituting the outer end of the pipe /, which
passes through the side of the cylinder, and rises to within 1 inch of
the top of the barrel. A glass gauge, m, shows the height of water in
the tank, this being protected from chance blows by strong ribs of
angle iron.

Vacuum is created by air pumps at the surface, and is equivalent
to 20 to 22 inches of mercury ; 3-inch pipes are carried down the pit
and connected to 3o feet of flexible hose, having a stop-cock and a
corresponding half of an instantaneous coupling. The barrel is filled
in thirty seconds. It was possible with this arrangement to sink in
Pennant sandstone, with 5000 gallons per hour, at the rate of 5 to 54
yards per week, or with 7000 gallons rather under 4 yards, the rock
being very bard and compact. The highest rate of progress in the
same ground with only 500 gallons per hour had previously been
6} yards.*

A self-filling and discharging barrel for use in sinking has been
described by Mr. George E. J. McMurtrie.t It consists of an ordinary
open topped cylindrical barrel suspended on two shackles, with a
piston working up and down it, this being connected to the large shackle
link. The piston is provided with a number of small valves to allow
the air to pass through as it descends, and a joint is kept between the
sides of the piston and the barrel by a leather and junk ring. Twelve
small holes are drilled through the shell just below the piston when
it is at its highest position, in order to allow of the ready admission of
air when the barrel is discharging.

There is a circular valve in the bottom provided with a projecting
spindle, and guides above and below it. This acts both as an inlet
and outlet valve, a8 is usual, the water being discharged into a chute
or launder, which is run over the top of the pit. 'When the barrel is
lowered the projecting spindle is the first point to touch the bottom of
the chute, and the valve is consequently lifted upwards. Valves of
this class are usually made solid, but this is grated, and is provided
with a cover of sheet india-rubber. It does not fall directly on to its
metallic seat, a8 an india-rubber ring of circular section is stretched
tightly round the valve in a small groove turned in the edge. A
shield of perforated plate is provided beneath the lower guide to
prevent large stones passing into the valve when the barrel fills,
while a hinged lid in the shield gives ready access to the valve for the
removal of any small débris which may have passed through.

When these types of improved barrels are employed in conjunction
with a storage tank suspended in the shaft, fairly considerable
quantities of water can be easily dealt with, and at a possibly cheaper
rate than if pumps were employed. These storage tanks are shaped

* So. Wales Inst., xvi., 119, + Biit. Soc. Min. Stud., xxi., 160.
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on one side to fit the shaft, and are suspended from two wire ropes
which pass from them to two steam winches on the surface. They can
thus be easily raised or lowered at any point where a spring is met
with. The ropes by which they are suspended act as guides for the
water barrel which is wound up and down by another small engine.
Even when the pit bottom makes water the storage tank, with a small
pump worked by compressed air slung a few yards below it, can be
let down near to the sinkers, and both can be lowered as the sinking
proceeds. The pump only delivers water into the storage tank, as the
water barrel afterwards conveys it to the surface.

KEEPING OUT WATER BY TUBBING.—Ordinary masonry
is of little use for stopping back water if the measures contain large
-quantities, and it is desired that this should not bhave to be con-
tinually dealt with. As a rule, it happens that water-bearing beds are
usually succeeded by others of an impervious nature, so that if there
-can be introduced at such point some water-tight material the water
is prevented from coming into the pit. Such lining is called tubbing.
The material employed may be either wood, cast-iron, or masonry ;
the former, however, is seldom employed at the present time. Its up-
keep is great, it is scarcely ever water-tight, and its only recom-
-mendation is cheapness in first cost, where wood is plentiful.

Coffering.—Where the pressure is not excessive, a special setting
-of masonry, technically called ¢ coffering,” is largely employed. It is
-cheaper than cast-iron, and where properly put in is very successful.
The following is a description of what is probably the largest applica-
tion of this method, the shaft being 20 feet diameter in the clear, the
-coffering extending about 55 yards (from a depth of 105 yards to 50
_yards below the surface).

After passing through the water-bearing beds the shaft was sunk
.20 yards below the point where the last feeder was met, and a cast-
iron curb put in and supported on iron plugs. Upon this about
26 yards of 14-inch brickwork was built, and then the walling was
-carried up solid for 12 feet, until the water-bearing strata were met
with. The object of doing this was to provide some substantial
support for the coffering, and to prevent any risk of the masonry
settling and cracking. It was decided to put in the coffering 2 feet
3 inches thick. Some means have to be adopted to carry off the
water running from the rocks, and to prevent it passing over the
brickwork and washing the mortar joints away. To do this what are
.called “plug boxes” were bedded on the solid work. Six of these
were placed at equal intervals around the circumference, and were
formed of wood, 12 inches square by 2 feet g inches long, having a hole
3 inches diameter bored along their longer axis to within 2 inches
-of the back (a, Fig. 125), and then a vertical hole, b, bored from the top
to meet the horizontal one. In this latter vertical wooden pipes
having horizontal openings were carried up behind the brickwork, and
.allowed the water to pass away through the openings in the plug-boxes.
The holes in the water troughs were bored at vertical intervals of
3 inches. As the brickwork and puddle reached each hole it was
plugged up and the water conveyed away through the next higher
-one. The solid walling was then brought up level with the top of the
_plug-boxes and the coffering commenced.

This consisted of five rings of brickwork, the special feature of this
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system being that the joints are broken both vertically and horizon-
tally. Header courses are not employed, stretchers only being used.
To commence with, the first ring, c, is of ordinary brick 3 inches thick,
the second ring, d, for the first course is laid with bricks 1} inches thick,
the third and fifth rings, e and g, are similar to the first one, while the
fourth ring, 7, for the first course, is also made with r}-inch bricks;
afterwards, ordinary bricks, 3 inches thick, are used in all the rings,
so that the horizontal joints of the second and fourth courses through-
out the work are the thickness of half a brick below the others. The
method of laying the bricks is the usual one for the first, third, and
tifth courses, and when these are in position, the spaces between are
filled with thin liquid cement, and the second and fourth rows are laid
by dropping the bricks into the mixture reposing in the gullet, these
being what are called ‘ floating courses.”
After getting up about 12 or 18 inches the space between the back
of the brickwork and the strata is filled in with good loamy soil,
which should be free from pebbles and should be well and carefully
rammed, no spaces being left. Instead of soil, well puddled clay is
sometimes used, but experience is
more in favour of the former. With
clay, no matter how carefully the
work is done, there is a tendency for
¢ faces” to be formed between succes-
sive layers and lumps, through which
water finds its way. The mortar used
for laying the first, third, and fifth
rings was a mixture of lime, cement,
and ashes well ground in a mortar
mill ; for the intermediate rings, pure
Portland cement was employed.
Iron Tubbing.—Where the pres-
sure of the water is great, and long
lengths have to be put in, masonry
tubbing is not applicable; indeed
every form has given way to that
in which cast iron is employed. At
one time rings going completely round the circumference of the shaft
were employed, but the difficulty of getting them into position, and
their liability to break, together with the impossibility of repairing
them, caused an early abandonment of this form, and the use of
segments has now become general.
At first the flanges were placed towards the centre of the pit, and.
the attachment of one to the other was made by means of bolts, but
in consequence of the lowering of the ground, and the effect of side
pressure, it was found that bolts were not to be trusted, and that
frequent ruptures took place. In England this method has given
Wusay to the system in which the flanges are placed away from the:
removal «f the pit, it being found that the pressure of the sides and

_ When ting which is adopted, is sufficient to retain the segments in
with a stornd to keep the joints water-tight. The author wassurprised
quantities of « visit (in 1891) to the Continent, that the old system of
rate than if pufanges towards the inside of the shaft was still in use

* So. Wales .gineers at the different collieries visited contended that.
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no reliance could be placed on wooden wedging, as it is always decay-
ing, and that although some little difficulty is encountered through
movements of the ground, these are counterbalanced by the more
perfect water-tightness of the tubbing. In this method the flanges,
both horizontal and vertical, are planed in a lathe, and two V grooves
cut in them. A layer of sheet-lead is then interposed, and the two
segments screwed tightly together by means of turned bolts, the
pressure forcing the lead into the V grooves already alluded to.

The method of putting in the work is the same whatever system
is adopted. After getting through the water-bearing strata, and
reaching some impervious beds, a bed is first formed on which the
wedging curb can be placed. This is dressed truly level with the aid
of hammer and chisels, blasting being strictly forbidden, so as to
obviate any possibility of fracturing the rock. This is the keystone
of the whole operation, and requires the greatest care. Formerly
wedging curbs were constructed of oak, but this hus been abandoned
in favour of cast iron. They are built up of segments which, in the
case of upcast shafts and furnace ventilation, are sometimes of smaller
diameter than the tubbing plates, the projecting portion being after-
wards used as a foundation on which a lining of brickwork can be
built. For an important undertaking they would he about 18 inches
wide by 6 inches deep, and are cast hollow to lessen the weight. The
segments of the cur{)) are set in position on the bed prepared, and
#-inch sheeting of soft deal placed in the joints in such a manner, in this
and other cases, that the end of the grain of the wood is presented to
the inner part of the shaft where wedging takes place. The important
operation of wedging the curb is then commenced. All around the
circumference, in the space between it and the sides of the shaft, is
placed well-dried timber, free from knots, with the grain upwards.
As many well-dried, finely-tapered, pitch-pine wedges as possible are
then driven in, care being taken that this operation proceeds all round
the shaft at the same time in order to distribute the pressure, and
prevent any chance of the segments being displaced ; props are also
set from the sides over each joint to keep the curb from lifting.
When no more timber wedges can be got in, steel chisels are em-
ployed, and, in the spaces they make, further wood is inserted. A
second wedging curb is usually placed above the first, and sometimes a
third one. The top one of these always has a rebate or ledge placed
on it, against which the segments of the curb abut.

Tubbing plates (Fig. 126) are cast in segments of such a length
that the circumference is divided into equal parts, their height vary-
ing from 18 to 36 inches, according to the pressure to be resisted.
Flanges, cross-ribs, and brackets are cast on the back to give strength,
and a hole is provided in the middle of each to allow water to pass
through while the operation of laying the plates is proceeding. The
top and one of the side flanges are provided on the outside with a
projecting ledge, which keeps the joint sheeting and adjoining seg-
ments in position.

When the wedging is finished, the first layer of tubbing plates will
be laid on the curb, sheeting being placed between both horizontal and
vertical joints, and a wedge tightly driven down between the back of
the plates and the sides of the strata as a preventive against any of
the segments moving. A second layer of segments is then laid on
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the first in a similar manner, and the process repeated until the top of
the water-bearing strata is reached, the vertical joints being broken
in each course, as in building masonry (Figs. 127 and 128). The
spaces between the plates and the sides of the excavation are filled in
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with soil or concrete packing. A wedging curb will be placed on the
top if it is found that the water rises above the level of the last line
of plates.  All the horizontal and vertical joints are then carefully
wedged, as long as the grain of
the wood between the joints can
be opened with a chisel, commenc- T
ing at the bottom and proceeding

upwards, attacking each ring in ak
order, and plugging up the hole .
through the centre of each segment T e o o 1o 1ol
at the same time. If this operation
is carefull rformed it will be

found that the length tubbed will A= ST esEessE—F
be quite dry.

In many instances much time
and money is saved by not waiting
until the bottom of the water-
bearing beds is reached, but putting
in wedging curbs at intermediate
places and building tubbing up
from one to the other, successive Figs. 127 and 128.
feeders of water met with being
thus kept out of the shaft. Of course, for the success of this operation,
it is necessary that the nature of the beds met with is such as affords
foundation for the curbs, but although each wedging curb may not be
water-tight during the time of sinking, yet when the pressure of the
lower length of tubbing is brought up against it such leakage may be
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altogether or nearly stopped, and, although each foundation may be
bad by itself, yet when they are brought to bear in support of each
other, the water may be stopped back. In the Seaham winning® ten
successive lengths of tubbing were thus put in, and, although the total
quantity of water which the engineers had to contend with at different
periods of the operation was 6240 gallons, yet never more than 540
gallons per minute was actually in the pit bottom, this being the
maximum amount, the average quantity being 136 gallons. The total
amount of water tubbed back was 4880 gallons per minute, which
v.ould have been the quantity required to have been raised or pumped
to the surface if intermediate wedging curbs had not been inserted.
After reaching an excellent foundation in the coal measures, three
main wedging curbs were put in as the base of the iron tubbing, and
the sinking through the coal measures commenced without a drop of
water in the bottom.

Messrs, J. J. Atkinson and W. Coulsont were the first to point out
the curious accidents which happen to tubbing fixed between an upper
and lower wedging curb through the confinement of water and air.
It has never been satisfactorily explained how air and gas confined
behind tubbing can have a greater pressure than that due to the
hydrostatic head, but it is a fact that such is so, and unless some
escape is provided, no matter how thick the tubbing is, the inevitable
result will be that it becomes cracked or displaced from its seating.
To prevent such occurrences, either the water behind each lift is con-
nected with the water behind the other lifts by means of small pipes,
and thus, in effect, rendering the whole of the tubbing open-topped
through the medium of the uppermost lift, or a pipe is carried up from
behind the tubbing to the height necessary to balance the pressure of
water. As this takes up a large quantity of pipes a
short length is sometimes inserted through the tubbing
near the top of the lift, and only extended a small
distance up the shaft, but a loaded valve is provided at
the top, where all the pressure of the water is. This
valve discharges the air and prevents the pressure
getting higher than is due to the water alone.

The more general practice is to place a valve (a,
Fig. 129) in the wedging curb, and to carry a length
of pipes, b, behind the tubbing to the next wedging
curb. After the tubbing has been wedged and plugged

Fig. 129. the water rises and drives out all the air. When

water has been running through the pipe for some
hours the valve a is closed.

Strength of Tubbing.—The thickness of cast-iron tubbing varies
directly with the pressure it has to support and the diameter of the
shaft. As the pressure also varies as the depth, if the diameter and
the depth are both doubled, the thickness of the tubbing will have to
be increased four times. Mr. J. J. Atkinson] gives a complete
reasoning for the following formula, from which the thickness at any
depth can be found :—

*N.E.L, v., 117. + Ibid., x1., 9. 1 Ibid., ix., 175.
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where ¢ equals thickness in inches, d equals the diameter in feet, p
equals the pressure in tons per square inch due to depth, » equals the
working load or resistance to crushing of the material employed.
Remembering that a cubic foot of water weighs 625 lbs., 12 cubic
inches will weigh 0434 1b., so that for every foot of depth a pressure
of 0°434 lb. per square inch is exerted. To obtain, therefore, the
pressure per square inch due to any head of water, the depth from the
surface in feet is multiplied by 0434. The resistance of cast iron to
crushing (average of various qualities) is about go,000 lbs. per square
inch, but to be on the safe side, one-sixth of this amount (15,000 lbs.)
is taken as the working load, and should be substituted as the value
of m in the formula given above. To the thickness so found,
3 inch should be added to allow for corrosion of metal, and wear and
tear.

In shafts of large diameters the thickness of the upper segments
should never be less than § inch, or they are liable to be fractured by
blows. In the above formula notice is not taken of the strength
imparted by flanges and ribs, which will give additional security.
Theoretically, each segment should be different in thickness to the
others, but as this would involve considerable expense in casting, the
thickness is varied about every 8 or 10 yards.

Corrosion.—Certain substances contained in solution in water
have a very injurious effect on iron, saline matters and chlorides being
especially destructive. No satisfactory means have yet been devised
for stopping such action, the best preventive, probably, being a coating
of a hard varnish applied before the tubbing is seated. The front of
the segments in upcast pits, where furnace ventilation is employed, is
also attacked by the gases generated by the combustion of the coal
Sulphurous acid is produced, and mixing with water forms sulphuric
acid, which rapidly eats away the iron to such an extent that in a few
years its nature is completely destroyed, and it gets so soft that it can
be cut with a knife. The best and generally used preservative is a
lining of fire-brick, a seating for it heing made by fixing one of the
wedging curbs so that it projects from 3 to 6 inches into the shaft.
The great objection to this procedure is that by covering up the face
of the tubbing the detection of leaks is made difficult, but of the two
evils the lesser is chosen.

Cost of Tubbing.—Mr. G. C. Greenwell * gives the following
statement of the actual cost of putting in metal tubbing in a shaft 14
feet 9 inches diameter :—

Cost of wedging curb:—
Dressing and preparing bed for curb, and laying same ready

for wedging, . . £34 9 o
Wedging (stone very hard), . . . . . . . 10 4 11
Wedges (5435 used) and sheeting (material and manufacture), 5 3 2
‘Wedging curb (10 segments, each 7 cwts. I gr. 17 lbs. =74 cwts.

2 lbs., at 6s. od. per cwt.), . . . . 24 19 7

£74 16 8

* Mine Engineering, pp. 166-169.
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Cost per yurd of tubbing :—

10 segments to circle, each 18 inches high by {4} inch thick,
weighing 4 owts. 1 qr. 12 lbs. = 85 cwts. 2 qrs. 24 lbs., at

6s. od. per cwt., . . . . . . . . £2816 6
Painting, tubbing, sheeting wedges * (4428 used), and backing
with soil, marl, &c., . . . . . . . . 4 1 6
Putting in and wedging tubbing—
Putting in, . . . . . . . . . o010 9
Wedging (twice in going up and once in going down), . 1 19
£34 10 6

8hireoaks shafts have more tubbing in them than any others in
England—viz., 170 yards put in in eleven lengths, and weighing about -
600 tons in each shaft. The internal diameter is 12 feet, and the
pressure at the bottom is about 196 lbs. per square inch. Mr. John
Jones, the present underviewer, who put in the tubbing, states that
the cost per yard of the lower and stronger part, which has a thickness
of 1§ inch in the body, was as follows:—

126 cwts. cast iron, at 78., . . . . . . £44 2 0
Fixing and wedging, . . . . . . . 4 O O
Wedging curbs and laying (each about 10 yards apart), 10 0 0

£58 2 o

SINKING BY BORING.—Kind-Chaudron Method.—Look-
ing at the ease with which bore-holes are put down through water-
bearing rocks, the idea occurred to engineers that supposing the tools
and implements employed were made large enough, it might be
possible to bore shatts. Little difficulty was encountered with the
actual boring operations, but for a long time it was found impossible
to successfully dam back the feeders of water, a8 no means were at
hand to put in a water-tight lining. Cylinders of tubbing were
lowered into the pit, but it was found impossible to make a joint at
the bottom impervious to water. After many failures the difficulty
was surmounted by Mr. Chaudron, by the introduction at the base of
the tubbing of what is known as the moss-box, and he, in conjunction
with the celebrated hore-master Kind, devised a scheme by means of
which numerous pits have been successfully sunk through beds con-
taining a very large amount of water.

The boring tools are similar to those ordinarily employed, modified
to suit the changed conditions. First of all, a smaller shaft, 4 to 5
feet diameter, is bored, which is kept 50 or 6o feet ahead, and then
the main shaft is taken out to the size required. The cutter for the
smaller shaft consists of an iron framework (Fig. 130) in the base of
which are fixed, in sockets, a number of steel cutting teeth, a, which
can be easily replaced if anything goes wrong. This tool is fitted
with two guides, b and ¢, which are also furnished with cutting teeth.
‘When the shaft has been bored sufficiently deep with this tool, a
larger one (Fig. 131) is inserted, this differing from the first, not only
in its size, but in the fact that the teeth in it are set on an inclined
plane, and that the central part is furnished with a loop or guide, g,
which fits into the smaller hole already bored. Owing to the shape of
the teeth the strata is cut in the form of an inverted cone, and all the

* These wedges were 4} inches long by 1} inch on face by 4 inch thick.
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débris produced falls down the inclined slope into the smaller shaft, in
which, at the bottom, is placed an ordinary kibble, which collects the
material and renders the use of a sludger unnecessary.

These tools are moved up and down by an oscillating lever at the
surface, just the same as in an ordinary boring apparatus. A winding
engine, drums, and ropes are provided for the rapid removal (during
changing) and lowering of the tools. Sinking thus proceeds until the
solid foundation is reached, where the seating for the base of tubbing
is found.

While the shaft is still full of water a water-tight joint is made
by the moss-box. This consists of two rings of tubbing (a and b,
Fig. 132) which can slide over each other, and each of which has a
bottom flange turned outwards and aun upper flange turned inwards.
These two are strung together Ly iron tie-rods, ¢, and the space
between them completely filled with moss, so that when the upper

DN AN F27 4N

~i
3

@

tatataialisidisialals

&)

¢

Fig. 130. Fig. 131, Fig. 132.

one slides down this moss is compressed. Other segments are con-
nected above these two rings, all of which have the flanges pointing
inwards. The tubbing consists of cylindrical rings, about 4 feet
6 inches high, cast in an entire piece. There are no vertical joints.
A strengthening rib is cast inside each ring, and the top and bottom
flanges are turned in a lathe, and bolt-holes bored in them. Before
being used each ring is tested by hydraulic pressure in a specially
constructed box with from two to five tiines the pressure it has to
support. These rings are put together at the surface with 4 of an
inch of sheet lead between the joints, and the whole structure lowered
bit by bit by screws and strong iron rods.

The chief point upon which successful lowering depends’ is the
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means adopted to balance the enormous weight of the long lengtb of
tubbing. Near the bottom a diaphragm (d, Fig. 132) is fastened to
the flinge of one of the segments, and in the centre of this is a tube.
When lowering is being carried on the weight of the tubbing forces
the water up the central aperture; the amount displaced by the
diaphragm, and the resistance it meets with during its passage through
the water, are so great that a large portion of the weight of the
tubbing is supported; indeed, in some instances it is more than
counterbalanced, and where such happens water is introduced at the
top of the diaphragm, to be pumped out again, if necessary. This
regulation is operated so successfully that in one case, where the
entire weight of the tubbing was 8oo tons, it was so counterbalanced
that not more than 4o tons were ever on the lowering rods at one
time.

Several modifications of the process have been designed. At
No. 27 pit, Produits Colliery, Belgium, the moss-hox was dispensed
with, and an india-rubber ring about 2 inches thick, having forty-
eight oblique teeth 2 inches deep, was attached to the bottom flange
ot the lowest ring of tubbing. Before the tubbing was lowered on
to the bed cut to receive it, the whole was rotated about its axis in
order to sweep every particle of débris from the ledge. The counter-
balancing column of water inside the tubbing was also done away with.
The hole in the false bottom was covered over with a blank flange,
and water added little by little on the upper side, until, finally, the
whole of the inside was filled in order to press the tubbing firmly
down on to the rock ledge, the compression of the rubber ring forming
the water-tight joint. Concrete was then run into the space between
the outside of the tubbing and the sides of the excavation, and when
this had set the water was drawn out from the inside of the tubbing.
The base was wedged up afterwards in the ordinary way.

Lippmann’s Method.—To the foregoing method several objections
may be taken. It has been found that nearly as much time is taken
to enlarge the small shaft as to bore it, and attempts were therefore
made to carry out the whole operation at the same
time. With a straight chisel turned round a centre
blows are struck more closely near the centre of the
shaft than at the circumference, and considerable labour
is wasted. Messrs. Lippmann have got over this diffi-
culty by making a drilling tool in the shape of a
double Y (Fig. 133), in which two teeth are placed in
that portion cutting round the circumference of the
shaft, and only one towards the middle ; more blows
are thus given at the periphery than at the centre.
Another improvement is that the engine is not con-

Fig. 133. nected directly to the boring lever, but motion is com-

municated by means of an endless chain and eccentric,
which prevents all shock. The débris is extracted by an iron box
divided into three compartments, each of which has nine holes, closed
by valves opening outwards. This box is lowered to the pit bottom,
and alternately raised and dropped for about fifteen minutes, being at
the time gradually turned round. The sludger has usually to be filled
twice before recommencing to bore. For securing the sides similar
tubbing to that of the Kind-Chaudron method is adopted.
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Pattberg Method.—An important advance in such methods of
sinking counsists in providing the tubbing with a cutting edge and
forcing it down by means of accumulator hydraulic presses erected
at the surface. Such procedure is now common to several methods
which differ in the way in which the shaft is bored and in the means
employed for removing the débris. Unfortunately, further com-
plications have resulted from the irregular strains thrown on the
tubbing by the hydraulic presses and from the falls of loose ground.
In the Pattberg process the lining drum is strengthened by the
insertion of broad rigid annular ribs between the ordinary tubbing
rings at intervals varying from 10 feet in the lower part of the
shaft to 18 feet in the upper portion. These rings are laid against
the ordinary tubbing flanges, and are tied together by tension rods,
the intermediate spaces being filled with good masonry or concrete.

The actual boring is done by a V-shaped percussion drill, taking
out the shaft full size, the detritus being continuously removed by a
high-pressure water-flush and a compressed air-pump. The tool is
light, and works with a short, rapid stroke. It is suspended from
a hollow boring-rod, which is used for the introduction of water
under pressure to flush out the sludge, the mixture being pumped
up from the lowest point of the conical bottom of the shaft by two
compressed air pumps tixed at the side of the rods.

S8ack Borer.— In the improved process of Sassenberg and
Clermont percussive boring of the full shaft section at one operation
is employed, and the comminuted rock is cleared out by sacks which
are attached to the boring frame and sweep round the bottom of
the excavation. These travel to the surface on guide frames attached
to the main rod, and when filled can be hoisted to the surface by a
winch without interrupting the regular work. A shaft 23 feet
internal diameter has been sunk with this apparatus, and the sacks,
each containing 1 to 14 cubic yards of débris were drawn up about
every half-hour, which corresponds to a removal of about 50 cubic
yards, and a progress of 1 yard per diem.

SINKING THROUGH QUICKSANDS.—Triger’s Method.
—In this system, sheet-iron cylinders, divided into three air-tight
compartments, are sunk into the ground, and compressed air forced
into the lower one. The workmen are thus placed in a sort of diving-
bell, and if the pressure of air is greater than that of the water in
the sand, the latter is forced back, and prevented from entering the
lower compartment. The rubbish excavated is removed in a small
kibble. Trap-doors allow communication from one chamber to the
other, the joints of these being made carefully air-tight. The doors
of the second and third chambers are never allowed to be opened at
the same time, so that little loss of compressed air takes place. Sink-
ing proceeds until solid ground is reached. The depth which can be
attained by this method is limited, for as the pressure of water outside
the cylinder increases with the depth, a higher pressure of air has to
be used in the lower compartment to stop the influx of water, and a
point is soon reached above which the men cannot work. At Aix-la-
Chapelle, 121 feet of quicksand was passed through by this method,
the greatest pressure of the air employed being 2'8 atmospheres.

With the Aid ot Divers.—In the sinking of a shaft at the
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Bjuf Coal Mines, Sweden,* by means of an annular casing having a
cutting shoe of steel at its lower end, and the annular space filled in
with concrete to increase the weight of the cylinder, considerable
difficulty was found in keeping the shoe and its following sections
vertical, owing to the presence in the sand of many large boulders,
often weighing from 1 to 2 tons. After trying many methods, the
use of divers was proposed, and four expert men were obtained from
Stockholm. A platform large enough to carry the air pumps and the
men was suspended in the shaft immediately above water level, but
was hung from the surface in such a way that it did not follow the
descent of the caisson. Operations were commenced when the shaft was
95 feet deep with 16 feet of water in it. The smaller boulders were
carried through to the surface by grappling irons fixed on them by the
divers, but the larger ones had to have a hole drilled in them, in which
could be inserted an iron pin and key, called by masons a “lewis.”
The divers were employed nearly six months, and carried on their
difficult work with considerable accuracy. In the earlier stages of
the work they remained under water about two hours at a time, and
then came up to the platform for an interval of from fifteen to twenty
minutes rest. Later, when the work became more difficult, and the
shatt contained a maximum depth of 69 feet of water, the divers could
not work longer than an hour, sometimes only half an hour, at a time,
with intervals of repose varying from ten to thirty minutes.
Poetsch’s Method.—An improvement for sinking through water-
bearing strata was introduced by Mr. Poetsch in 1883. It consists in
freezing the running ground, and transforming it into a solid mass of
ice, through which sinking proceeds by ordinary methods, just as if’
the ground was of a tenacious and solid character. A well-known
principle is that, when any liquid is rapidly converted into vapour, it
absorbs a considerable quantity of heat, and that the absorption is
more rapid the more volatile the liquid. In the machine employed for
producing the freezing mixture, liquid ammonia is
placed in connection with the receiver of an air-pump,
and rapid exhaustion set up. The ammonia at once J L[_
commences to boil, and the vapour produced is ab- ™) 4
sorbed by suitable means, with the result that a still
more rapid evaporation is produced, which communi-
cates intense cold to the mixture employed for the
freezing operation. The liquid used for this purpose
is a solution of chloride of calcium, adopted because J
it does not freeze until the temperature reaches J

-34°C. . Y
The actual procedure is as follows:—A series of { H
bore-holes are sunk through the water-bearing strata
until the solid measures are reached, and are lined
e

with tubes (a, Fig. 134) as they go down. After
penetrating through the quicksand, the lower ends
of these tubes are made water-tight by means of lead
stoppers, b, and several layers of cement, ¢, are poured  Fig. 134.
into the interior. The greatest care is exercised in

getting the joints of the outside pipe water-tight, as if they are not,.
the solution of chloride of calcium escapes into the ground, and:

* Rev. Univ. (3¢ Série), xxv., I.
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renders freezing very difficult. Into the centre of each of these
larger pipes a smaller one, d, of about one-third the diameter is
introduced, having its lower end open. These latter pipes are pro-
vided with stop-cocks, and joined to a central distributing pipe,
suspended above the top of the shaft. The freezing mixture, pre-
pared as above, is then forced by a pump dowi the small tube, and
on reaching the bottom circulates in the annular space between the
two pipes, rises to the surface of the ground, and is collected in
another series of pipes, ¢, from whence it is again returned to the
freezing machine, and used over again. By this means the ground
between each pipe within the shaft itself, and also the ground
outside the limit of the shaft, is frozen hard enough to give solidity.
The most intense cold is at the bottom of the pipes, and as a result
small cones of frozen ground, with their bases downwards, are first
formed, the dimensions of which increase progressively.

The method of sinking after the ground is frozen, is to excavate
a space with the aid of picks and wedges, blasting being expressly
forbidden, and then to secure the sides by means of ordinary curbs,
and laggings. Second and further lengths will be sunk, and timbered,
in a simiiar manner, until the quicksand is passed through and solid
ground reached, when a wedging curb will be put in, and cast-iron
tubbing brought upwards. '

At Emilia Pit, Germany,* the apparatus was charged with gs0
quarts of solution of ammonia, the daily consumption of which was
about 53 quarts. Freezing occupied 3 days, when sinking was com-
menced and done without any difficulty, at the rate of about 2 feet
per day. Sinkers were paid 55s. per running yard. The circulating
tubes were removed very easily, the solution of chloride of calcium
being passed through them keated, instead of cooled. Total cost of
plant was £3000 ; expense of erection, £960. Total cost for shaft,
completed and walled, allowing 25 per cent. of first cost of plant, for
depreciation and expenses of erection and removal, was about £26
per running foot.

When the water-bearing ground or quicksand lies at a consider-
able depth below the surface, the strata hoth above and below offer
considerable resistance to the expansion of the ground while freezing
is going on, and there is great risk of the circulating pipes being
flattened. Mr. Saclier t therefore suggests that the refrigerating pipes
should be spread over a circle 3 feet larger in radius than that within
which sinking is to be effected, and that the ground at the centre
should not be frozen. He advises the putting down of a bore-hole in
the centre of the projected shaft to allow of the escape of the water
forced out of the strata by the abnormal pressure developed by the
freezing of the mass. Means must also be adopted to prevent the
freezing of the ground near the central bore-hole, by carrying down
within it, a pipe through which hot air or water may be circulated.
This circulation need not be commenced, until the issue of water from
the bore-hole proves, from the extra pressure generated, that the
freezing of the quicksand has become a certainty.

Gobert’s Method.—As the freezing solution of the Poetsch pro-
cess has to be forced down into the pipes from the compression

® For. Abs. N.E.I., xxxiv., 72.
+ Soc. Ind. Min. (3¢ Série), xi., 647.
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apparatus situated at a higher level, the pressure inside these tubes
must be greater than outside, and this pressure becomes higher the
greater the depth. If under such conditions, either a pipe should
crack or a joint leak, a by no means improbable accident owing to the
contraction caused in the tubes by the intense cold, the freezing
solution will pass into the surrounding strata, and communicate to it
its uncongealable properties. .

In order to avoid the serious consequences of a mishap of this kind,
Mr. A. Gobert, who had charge of the first and many subsequent
sinkings by the Poetsch process in France, dispenses with the freezing
solution entirely, and obtains the necessary cold by allowing anhydrous
liquid ammonia to vaporisein the tubes. A number of pipes are sunk
through the water-bearing strata, outside the circumference of the
ground to be excavated, and are closed at their lower end; inside each
one is introduced a serpentine or helicoidal tube reaching nearly to
the bott m, into which liquid ammonia is allowed to trickle, and to
escape into the larger outer tube through a number of small orifices
placed at intervals along its length.

The design of this serpentine injector is important, because it is
necessary for rapid cooling that vaporisation should take place quickly,
and that liquid ammonia should not be allowed to drop to, and
accumulate at, the bottom of the tube. The ammonia gas escapes
through a branch near the top of the outer pipe, is drawn back to
the freezing machine, compressed into a liquid, and again forced into
the small central pipe. As the necessary heat for vaporising the
liquid ammonia is abstracted from the surrounding strata, the ground
soon freezes, and as the pressure inside the pipe is lower than outside
if there should be a leaky joint or fracture in the tube, the water
from the surrounding strata will find its way into the pipe, become
frozen and effectually prevent further leakage.

In dispensing with the freezing solution of the Poetsch process,
-Mr. Gobert claims greater economy in the cost of sinking, the avoid-
ance of a possible cause of failure due to leakage of solution, of being
able to freeze any desired portion of the strata without freezing the
whole, and of being able to commence sinking at the surface before all
the ground is frozen. The freezing action commences at the surface,
and as each successive part of the injector tube becomes coated with
ice, the liquid ammonia will pass further down and escape by lower
orifices into the outer tube, until finally it reaches the bottom, when
freezing will be complete.

Deepening Pits already Sunk.—The common way of doing
this, without stopping the pits drawing coal, is with the aid of a tail-
rope fastened below the cages. If any depth is to be carried out, the
rope employed will be made in two lengths with a view of saving
time. The preparation is rather a simple one. First of all, means
are provided at the inset level, for receiving the débris out of the
sinking kibbles. Then an ordinary rope is provided with a capping at
each end, and the upper one passed through the bottom of the cage,
and made fast by driving an iron pin through the eye of the
capping, and usually further secured by glands to the bottom of the
cage. The kibble is attached to the other end of the tail-rope, and
when the cage is raised by the winding engine at the surface, the
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kibble is lifted also. The method of prucedure is to fill a kibble at the
bottom where sinking is going
on, lift it to the inset, empty the
contents into tubs standing there,
and then lower down again. Sufti-
cient tubs are provided to contain
all the dirt produced in the night-
time, and the tail-rope is then
taken off the cage (an operation
done in five minutes), the cage
lowered to the inset level, and
the débris wound to the surface.

The above system can only be
applied when the pit is not wind-
ing coal. In many cases this
difficulty is surmounted by com-
mencing at the inset level, a short
distance away from the shatt, and
sinking an inclined pit until its

Fig. 135. axis meets that of the drawing
shaft, when it is continued ver-
tically downwards. At Haine St. Pierre Colliery, Belgium,* with
such procedure, the shaft was deepened from 984 to 1246 feet
without stopping winding. The débris was drawn by an engine
at the surface, a rope from this passing down the side of the wind-
ing pit, and then deflected by pulleys along the line of the incline,
finally passing into the vertical position required for sinking, by being
conducted over a pulley supported on a carriage, the rope passing
through a hole in this (Fig. 135). When the kibble is at the bottom
of the sinking, the carriage is at its lowest point, and the rope hangs
vertically in the pit, but as the kibble is lifted the carriage is pushed
up the incline, the kibble hanging in a vertical direction until the
inset level is reached, when it is removed, and an empty one put on.
On the return journey the carriage follows the kibble as it is lowered,
until it comes to the end of the guide. The rope ther descends
vertically downwards. A spring is placed just above the capping
on the rope to prevent any shock when the kibble strikes the
carriage.

In another case the winding shaft was not interfered with. A
certain thickness of ground was left provisionally between the bottom
of the winding shaft and its continuation, and a drift driven at this
level from the upcast pit. A small cage carrying a single tub was
worked in the upcast pit, and after a certain number of tubs had been
lowered to the communication drift and placed on a siding there the
rope was disconnected from the cage, carried along the top of the level
on rollers, and attached to a similar small cage working in guides
fitted on one side of the shaft being sunk. The spare tubs were then
successively lowered to the bottom of the sinking, loaded with débris,
and raised again to the drift. After all had been filled, the rope was
disconnected from the cage in the sinking pit, re-attached to the one
in the upcast shaft, and the tubs raised to the surface. By using
cages and tubs, and dispensing with kibbles, the work was hastened,

* For. Abs. N.E.l., xxxvii., §8.
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as the débris was wound to the surface direct without the delay of

tippling and re-loading.

At Alexandra Pit, Wigan, a shaft of 19 feet
diameter was deepened from 260 to 772 yards
in two years by the following method, coal
being wound all the time. One cage was
taken out, and a balance weight, equal to a
cage and four empty tubs, put in its place,
this working down the side of the pit on
two guides, the winding rope being diverted
from its ordinary position by means of a pulley
on the head-gear (Figs. 136 and 137). Three
scaffolds were put in at the Pemberton 4 feet
inset, to prevent anything falling on the
sinkers, and a hole left through for the passage
of the kibble. A platform on wheels was
provided on a level 6 feet higher than that
employed for caging the coal, which could be
run over the hole left in the scaffolding.
A small winding engine at the surface drew
the sinking débris from the bottor of the shaft
up to the level of this platform, which was
pushed over the shaft, the kibble removed,
and the dirt tipped into ordinary tubs standing
at the level of the inset. These were then
placed on the cage and drawn to the surface.
A capstan rope, worked by a special engine at
the surface, passed down the centre of the
shaft and formed a guide for the sinking

kibble, during such times as bricking was not Figs. 136 and 137.

being proceeded with. When this rope was

not in use it was kept in position at the bottom of the pit by a heavy
circular elongated block of iron. Fig. 138 gives an enlarged view of

the guide employed ; a is the capping of the winding
rope, to which is attached the detaching hook b&.
Below this comes the guide ¢ and weight d, the latter
being of cast iron with a hole bored out to receive the
vertical bar e, which fits into d loosely, so as to be
readily withdrawn for examination. Above the
weight a horizontal bar, ¢, projects, clasping the bar
¢ above the weight, and projecting to the capstan rope
on which it runs freely with plenty of “ play.” Below -
the weight comes the kibble and bridle chains. The
capstan rope g is placed absolutely central in the pit.
When about to fire shots the men were signalled away
first, and directly they had gone the capstan rope and
weight attached was raised a few yards so as to be out
of the way of the débris.

The bricking scaffold was made of timber, and sus-
pended from bridle chains, and consisted of 3 parts,
a centre one and two side pieces working on hinges.

During bricking operations the winding rope was drawn up clear, the
weight on the capstan rope taken off, and the latter connected to the
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bridle chains of the scaffold, which, when not in use, was suspended
in the shaft from cross baulks placed there on purpose.

For short distances shafts are sometimes sunk upwards. A
dividing brattice is usually placed across the shatt, and the débris
allowed to accumulate over one-half of its area, this forming a sort
of natural platform on which the men stand to work. For the pur-
pose of ventilation wooden boxes or troughs are built in the débris.

Widening Shafts.—This is a very awkward and costly opera-
tion if winding is to be carried on at the same time. In such
cases it is usual to place a series of byatts or buntons below each
other in such a position that the cage misses them. At night-time
these buntons are covered over with planks, and scaffolds formed, on
which the men work, and take out the ground.

For widening air shafts an openwork platform like a gridiron is
employed, which may be raised and lowered by ropes attached to a
winch at the surface, and on it the men stand to perform the work.
- The holes through the platform are too small to allow the larger pieces
of débris to fall through, and these are loaded into a kibble and raised
directly to the surface. The small particles which fall through the
platform, on reaching the bottom ot the shaft, may be guided by
deflecting boards into a storage hopper, and can be loaded at any
convenient time into ordinary tubs and lifted to the surface. The
brickwork is best put in from a Galloway or similar scaffold.

If the shaft is not required for winding purposes the best pro-
cedure is to fill it up to the surface with some loose non-coherent
material, which is removed again as the old lining and sides are taken
out to the required size. This saves all the labour and time of
changing scaffolds. In a deep shaft portions only of its length would
be filled up at a time.

Cost of Sinking.—The cost depends on the hardness and
inclination of the strata, and especially on the quantity of water.
If the beds are highly inclined the cost is greater, as the rocks do
not blow well. The general rule is to obtain tenders for sinking and
walling the whole depth, and to deal with a certain quantity of water.
If this quantity is exceeded, either allowances are given or the
contract broken. Such contracts act very well, if the nature of the
ground is well known, and no difficulties are encountered, but
master-sinkers, as a rule, are persons of small capital. So long,
thevefore, as they are making money everything proceeds smoothly,
the manager is relieved of anxiety, his only care being to see that
the work is carried out properly and with safety. But if the work
is proceeding at a loss the contractor’s means are soon exhausted;
although sureties are generally bound by agreement, yet concessions
have to be made. In view of this, the system of carrying on by
men at day wages is gaining favour, superintendence being given
by competent chargemen, who, in addition to a stipulated wage,
receive a bonus for every yard done during the week in excess ot a
stated distance.

At Ramrod Hall Pit, Staffordshire, through the different varieties
of the rocks of the coal measures, the cost of sinking in 1889 was
11'12 shillings per cubic yard, which sum included the labour of
putting in the walling 9 inches thick and backing the same with
soil, all wages above and below ground (except winding engineman
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and stoker), blacksmithing, powder, &ec.; value of materials used for
lining not included. Colliers’ wages at this date were 10 per cent.
above minimum ot sliding scale. The amount of water was small,
and could be dealt with by baling. An allowance of 25s. was made
for each water ring put in.

At Sandwell Park Colliery, the contract price for sinking and
walling the No. 3 shaft, 15 feet diameter in the clear, was £8 12s. 6d.
per running yard, equal to 6:82 shillings per cubic yard of excavation.
The above price rose at the same percentage as collier’s wages, which
at that time were 3s. 4d. per day, the minimum of the sliding scale.
The contractors found all labour in pit, bahksmen, tools, blasting
agents, lights, &c., fixed all scaffolds, ventilating pipes, &c., and de-
posited the spoil at such places as required, up to 40 yards from pit
top. The company found engine power, enginemen, sinking kibbles,
lining material, and sharpened all tools. No allowance was to be made
for water until the quantity exceeded such as could be raised by
tipping barrels. The total sum paid under this head for the entire
sinking amounted to £6 16s. gd. For each water ring put in £2 was
paid, and for each square curb £3 15s. The average rate of sinking
and walling (working continually from Monday morning to Saturday
night) was 8'04 yards per week.

Messrs. Forster-Brown & Adams give detailed statements of the
cost of sinking and walling two shafts, each 17 feet diameter, at Harris
Navigation Colliery,* including all labour, coal at boilers, smith work,
explosives, stores, &c. From their paper the following figures are
extracted :—

Average cost per yard for sinking 50 yards in skale near bottom of shaft.

‘Without Pumps. With Pumps.
Labour, . . . . . . £9 8 2 £10 2 4
Materials (stores, explosives, &c.), . 2 11 48 3 0 49

£11 19 68 £13 2 89
Average cost per yird of sinking 50 yards in hard Pennant grit rock,

with pumps.

By Hand. Using Three Machine Drills.
Labour, . . . .. . £3217 1 £2219 8
Materials (stores, explosives, &c.), . 11 16 1°9 I 3 4

£44 13 29 £34 3 0

Average cost per yard, in depth of 50 yards, of 18-inch walling with two
iron curbs in such distance.

Labour (sinkers, masons, smiths, enginemen, &c.), . £4 71174
Stores (candles, oil and grease, sinkers’ suits, &c.), . 017107
Material (bricks, lime, and coal), . . . 6 2 o

. .

£11 7 1071
Equal to £1 38. 10d. per cubic yard of masonry.

¢ Inst. C.E., Ixiv., 23.
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Where 82} per cent. of the strata passed through was hard rock,
and 17} per cent. shale, the average depth sunk and walled per week,
exclusive of stoppages, was, in a length of 69 yards, 2'19 yards ; while
where 38§ per cent. was hard rock, and 61} shale the speed averaged
408 yards per week over a length of 421 yards. Towards the bottom
the ground only contained 6 per cent. of hard rock, and the speed of
sinking and walling reached 6-77 yards per week.

The following table shows the comparative cost of various modes
of sinking through water-bearing strata :—*

45 .
Cost per g g 23
Bystem. Colliery. footof | ©g Strata passed through. g -]
Sinkiug. | @@ (::%

%

1>

£ s | Ft
Triger,. . | La Louviérie, . | 98 3| 42 Qﬁxicksg.nd, dendw: ] 2
vy . .| Haved, . . |888 19| 124 ’ e m‘.’gg’zgal‘l“"‘ water-} 48
Chaudron, | LI’ lle, . | 20 17 | 331 | Sand and chalk, . 1
» . | Saint-Waast, . | 37 8| 321 | Chalk, marl, and sand, . | 29
» . | Saint-Barbe, .| 33 3| 180 | Clays, marls, and sand, . | 18
ss  « | Saint-Marie, 12 9| 344 » 1 » 113
. . | Rothhausen, . | 38 11| 338 | White marls, . . . |25
Poetach, . | Archibald, .| 17 16 | 131 | Quicksand, . i
» + - | Emilis, . .| 25 16 | 140 | Sands, &c., . . .| 8
by { Koonige eon }30 o| 98 | Sands with large boulders, | 6

Detailed statements of the cost of sinking several shafts by the
Kind-Chaudron process will be found in the Colliery Guardian of
January 23, 1880, p. 120.

In sinking two shafts at Vieqt for the Anzin Company by the
Poetsch process, each 385:88 feet deep, and respectively 12 feet and
16°4 feet diameter, costs were carefully taken from the beginning to
the time when ordinary sinking commenced. The total cost of the
sinking was as follows :—

Per cent. Total. Per foot.
Patentee's roI\;aIty, . . . . 46 £1,310°40 £1°697
Temporary plant and buildings, . 2°7 783°30 1'o1
Borings for freezing tubes, . . 10°4 2,946°95 381
Freezing plant, . . . . 350 9,930°65 12°89
Measuring apparatus, . . . 03 7600 oogg
Cost of freezing, . . . 4'7 1,321°2§ 1'712
Sinking and tu bi"ﬁ’ . . 40°§ 11,498'20 14'898
Carriage on material, . . 0'6 182°50 0°237
Tools, . . . . . o7 210°30 027
Sundries, . . . . . 0’4 114°60 o'14
999 £28,394'15 | £36789

® For. Abs. N.E.I., xxxv., 33. +Soc. Ind. Min., 3°* Série, ix., 140.
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The Thiers pit, sunk in the ordinary way through similar ground,
cost £75 per foot. As the entire cost of the plant was charged to
this single sinking, its employment in subsequent work will relieve
the cost to the extent of nearly £13 per foot. The items directly
chargeable to the freezing plant were as follows :—

Patent rights, . . . . . . . . £1310°40
Boring, . . . . . . . . . 2946°95
Erecting, . . . . . . . . 56339
Measuring instruments, . . . . . . 7600
Freezing cost, . . o . . . . . 1321°2%

£6217°'99

This sum, equal to £8'06 per foot, represents the money available
for pumping, temporary lining, and the other numerous expenses
incidental to sinking through heavily watered strata. The total
expenses of sinking may be summarised as follows :—

Cost per foot.

Material, . . . . £9,387°27 £12°162
Freezing, . . . . 6,217°99 8057
Sinking, . . . . 12,788-88 16°570
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CHAPTER V.
PRELIMINARY OPERATIONS.

Underground Roads.—Having reached the seam from which min-
eral is to be extracted, the first opeiation consists in driving a series
of passages called levels or roads. Their direction is governed by the
relative position of the shafts and the area to be won, by the system
of working adopted, and by the inclination of the seam. Their size
is governed by the dimensions of the tubs employed and by the pro-
pused system of haulage, as, if a double line of rails has to be used
the dimensions of the roads will necessarily be larger than where only
a single line is in operation. The direction is also influenced by the
question of haulage, for if mechanical means are not employed, the
gradients of the roads will have to be such that a horse can readily
draw material along them, and as the dip of the mine and the position
of the shafts are fixed points, the roads in this case will have to be
driven in such direction that the necessary gradient is given.

Another point is the question of dealing with water. Wherever
possible, the gradients should be such that all water gravitates towards
the shaft. Perhaps, in all seams of moderate and regular inclinations,
the best plan is to drive the main road practically along the strike of
the seam, only deviating from that line to such an extent as will
give a slight fall towards the shaft. Where seams have undulating
gradients, roads carried along the strike necessarily vary in direction
with each change in the dip. For any system of mechanical haulage,
the best results are obtained where the roads are driven straight, so
that when the dip varies we usually find that the straightness of roads
is more looked to than any actual question as to whether they are
following the strike of the seam or not, as it only requires a little
more engine power to haul along the material.

Means of Keeping Direction.—Having decided upon the posi-
tion of the roads, they are kept in the proper direction Ly very simple
means. At the commencement two or three points are determined,
and marked on the roof, with the aid of a compass or theodolite, and
plumb-bobs are suspended from them in such a position that the straight
line made by these three shall be in the direction in which the level
is to be driven. Three points are much to be preferred to two, as in
case any movement takes place in any of them, it is usually found out,
such not being the case where only two are adopted ; as an additional
precaution, it is better that these lines should not be attached to tim-
ber frames or settings, or the pressure of the ground is liable to move
them out of position. To determine whether the road is proceeding
in the proper direction, an observer stations himself behind the plumb-
bob farthest from the face, and lights are held against the other two
lines. Another workman is stationed at the face with a light, which
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is moved about until its position coincides with the line given by the
three fixed suspended plumb-bobs.

In some instances the points are fixed in the axis or centre line
of the excavation, while in others they are placed nearer to one side
of the road, of course preserving the same line of direction. In the
latter case, the point obtained on the working face will not be the
middle of the road, but some-
where about a foot from the
side. This latter arrangement
is preferable, because if the road
does get slightly out of line
when the determining points
are fixed in the middle, the

Figs. 139 and 140. straight line given by these

points will pass down the road

(Fig. 139), but if such points are only 1 foot from the side it would
be impossible to get the line through (Fig. 140).

Means of Keeping Gradient.—For haulage planes uniform
gradients are preferable, as the cost of cutting through small irregu-
larities of the floor or roof, and indeed, dislocations caused by faults,
is soon repaid by the ease and smoothness with which the plane is
afterwards worked. In the case of large faults, modifications of the
gradients have to be introduced, but even in such cases it is usual to
make the inclination approach as near to the regular one as possible.
The instruments employed for keeping the gradient uniform are also
of a simple character. Often an ordinary T-bobh (a wooden frame
shaped like an inverted T) and plumb-line are used, the vertical piece
being placed on such an inclination that it corresponds with that to

be given to the floor. This is rather

a clumsy instrument. A more con-

venient form is that of a straight

edge (a, Fig. 141) about 6 feet long,

in the upper side of which a level,

b, is bedded in a small secondary

Fig. 141 triangular block of wood, ¢, the angle

that this latter piece makes with the

former being such that, when the bottom side of the straight edge is

puarallel with the line of inclination of the road, the level is truly
horizontal.

Operation of Driving.—Having determined the direction and
gradient, the work is, as a rule, carried out in the following manner : —
The first operation consists in holing or undercutting the seam ; that
is to say, either the lower part of the coal is cut away with a pick, or,
if a soft layer exists beneath the seam, undercutting is performed in
it with the object of reducing waste, because holing the coal makes
nothing but “small,” which is comparatively worthless. The width of
the undercutting is equal to the width of the road, but its depth
depends entirely on the nature of the seam. Strong coals require
deeper holing than tender ones. In performing undercutting, the
miner lies on his side, and naturally removes more height at the face
than at the back, because at the former place his arms and the helve
of the pick have to be inserted, while at the immediate back only a
space equal to the width of the tool is necessary. If the undercutting




PRELIMINARY OPERATIONS, 153

is deep, part of the man’s body is also introduced, and consequently
more of the coal has to be cut away. For this reason, except where
the nature of the coal absolutely requires it, holing should not proceed
any further under than a man can conveniently reach without insert-
ing his body. The coal undergone is got down by cutting a vertical
groove along one side, and then breaking down the remainder either
by blasting or by wedging.

In some collieries gas exists in the coal under such pressures that
it assists the workman in hewing the coal, and roads can best be
driven by attacking the whole height of the seam at one time. Ifholing
were resorted to, it would drain the gus, and render the operation of
getting down the coal above, a more difficult and expensive one.

Ventilation.—Except under exceptional circumstances, one road
is never driven alone, two parallel ones (& and b, Fiz. 142) being
carried forward at the same time, these being connected at intervals
by other roads, called ‘“thurlings,” or cross-cuts (c ¢’), the object of
which is to provide a way for air to pass to the face and ventilate it.
When the second thurling is driven, the first one is blocked up by
building a wall in it. Such obstruction is called a “stopping,” its
object being to force the air
further inbye, and prevent it

going back to the shaft until it O— e T 4
has ventilated the workings. (| corind

It is obvious, however, that the @ — A e a
current of air will naturally pass Fig. 142.

through the last thurling, and

when the road goes on further, the face will remain unventilated,
unless some means are adopted for carrying air to it. This is done
by one of two methods; either by carrying bratticing or by iron,
canvas or wooden pipes called air troughs or ‘“ trows.”

Bratticing is generally fixed by putting props along the line of
roading, but instead of using ordinary short lids to such props, a long
strip of wood about 3 inches broad is employed, and firmly secured
against the roof by driving the prop beneath it. The brattice cloth is
attached to these laths by nails, and temporarily divides -the roadway
into two, as shown by dotted lines in Fig. 142. The pure air passes
up one side and down the other, as indicated by the arrows.

This system is largely employed, and is unsurpassed where the
roof is regular, as the laths rest evenly against it, and form an air-
tight joint. With irre ular roofs bratticing is impracticable, and air
troughs have to be used. These consist of sheet-iron pipes, from 10 to
15 inches diameter and 6 feet long, with a socket and spigot end. A
temporary stopping is built across the road, immediately before the
last thurling, and one of these pipes put through it. As the heading
proceeds, other pipes are added. The air passes through them, and
back again along the road. In seams with a tender roof, or in deep
mines subject to heavy weights, it is advisable that as few cross-cuts
as possible should be made between the winning headways. As the
ordinary ventilating pressure is insufficient to force an adequate
amount of air through long lengths of pipes, small subsidiary fans
driven by electric motors are often employed The air current must
then be conveyed to the working places through pipes, because
brattice cloth is not rigid enough to resist the increased pressure.
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Supporting Roof.—In every mine the roof has to be supported,
this usually being done by timber, owing to the facility with which it.
can be introduced into the workings, and replaced fromn time to time
when necessary. The roof is tested by knocking on it with a pick, or
other instrument, when, if insecure, a hollow sound is given out. It
is not always possible to be sure by this test, as the occurrence of a
number of small faults, or slips, makes the roof disjointed, and less
tenacious than if none were present. Slips are unaccompanied by
dislocation, and are very difficult to detect, even by careful observation.
Where a seam is known to contain them, minute examination must be
resorted to, as & place might look safe on inspection, and immediately
afterwards come in. :

" It does not appear that the depth of the mine has any effect on the
strength of the roof. The order of working successive seams has an
influence on the roof of the contiguous beds, owing to the release of
gas ; but from observations made by Mr. A. R, Sawyer* in North
Statfordshire, no definite results can be fore-shadowed.

Two systems are in use for the operation of setting timber ; in one
it is performed by the workmen themselves, while in the other a
special set of men are employed for the purpose. Both systems have
advantages. In the former, the miner immediately detects any
change in the ground, and can at once set the required support, without
running any risk while waiting for a deputy to come; in the latter,
deputies are continually going round (oftener than in the other
system), and as they have been brought up to this kind of work are
very skilful. In Yorkshire certain special men go round to set timber,
and prepare the working places for the men, leaving a sufficient quantity
of timber cut into proper lengths, the workmen having instructions,
in case the roof becomes dangerous, to set any extra timber necessary,
or to leave the place and send for the deputy. In Lancashire most of’
the colliers set their own timber in the face (not in the roads), and the
props are drawn by officials. The colliers are subjected to the orders
of the officials, who, if sufficient timber is not set, order more to be

ut up.

P Tlll)e general experience seems to be that if a workman has to look
after his own safety, and set his timber, he generally does it better
than if it was cntrusted to a deputy ; while, on the other hand, an
opinion is held that the miner, not being paid for setting timber, is.
apt to be negligent, to consider it time lost, and only put up props
where absolutely necessary.

Timbering.—Of all the varieties of wood, fir and pine furnish the
greatest proportion of that used in mining; larch may be considered
the miner’s timber par excellence. It can be obtained in good straight
lengths, makes little waste in cutting, resists great pressure, and bends
to a considerable amount before breaking, and its life is a long one,
whether the place be wet or dry. For props, Norway fir is largely
employed, and for such purposes is perhaps as good as larch, as it.
resists great pressure if such is applied along its length in the direc-
tion of the fibres, and is very straight, easily cut and fashioned ; but
t breaks rather easily when the pressure is applied transversely ; and
is therefore not trustworthy for bars. Oak for positions of reliability.

* Accidents in Mines (Fulls of Roof and Sides), p. 34.
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is universally employed, but is not used so much in roadways and
workings on account of its cost, and the tact that, excepting in large
pieces, it grows very crooked, and is not easily shaped.

The simplest form of support employed is that known as the prop,
or tree, which consists of a piece of timber tixed in a vertical position
between the roof and the floor (b, Fig. 143). These are employed

Fig. 143. Fig. 144. Fig. 145.

mainly in the working places, and almost invariably at the top of themr
is placed a small headpiece for spresding the surface over which
resistance takes place. This is called a ‘“ lid,” and i8 generally a piece
of wood 12 to 18 inches long and 3 to 4 inches thick, often made by
splitting a piece of round timber through the middle. In the working
place two or three rows of these props are employed, those of two
consecutive rows alternating with each other.

In inclined seams props must not be set vertically, but at an angle
a few degrees less than at right angles to the dip of the mine, because
the tendency of the roof is to slip downhill. Consequently, if the
props were set at right angles any movement of the roof would cause
them to reel over and take positions where they would be least
effective in supporting the weight. On the other hand, when they are
fixed with what is called a small amount of “sprag,” the slipping of
the roof tends to drive them into a line at right angles to the dip, and
as this distance is shorter than the one they previously occupied, the
props are tightened and offer more support to the roof. The method
of setting props is illustrated in Plate II. They are cut a little
longer than the distance between the floor and the roof, and are
driven into position with a sledge hammer, while the lid is pushed
lightly in the opposite direction, to prevent it travelling with the
prop. In seams with a heavy roof and a hard floor, breakages are
reduced by setting the props on a small heap of loose material, while
to facilitate subsequent withdrawal the bases of the props are often
slightly champfered off, which localises the spreading or fuzzing out
of the timber.

Mr. W. H. Hepplewhite suggests tapering or thinning one or
both ends of the props, so that the ends will yield instead of the
props breaking.* The amount of taper is to be determined by the
length of prop used, but should not'be less than g inches nor more
than 18 inches. The thinnest point of the tapering should not be
less than half the thickness of prop used. He states that when props
are so treated, instead of breaking, the tapered portions simply
become fuzzy and turn up at the ends by reason of the superincum-
bent weight of the strata, as the ends being reduced in area become
relatively weaker than the other portions of the prop.

* 1899. British Patent, No. 9925, and Fed. Inst., xix. 8



156 TEXT-BOOK OF COAL-MINING.

Swmall single props, called *sprags,” are used for securingthe coal
during the process of holing (a, Fig. 143). An elaboration of this,
employed where the coal is liable to break away from the face, is the
special timbering to which the name of “cocker sprags” is applied
which consists of a longitudinal piece (a, Fig. 144) strutted against
the face, and kept in position by the small sprag, b, going to the
floor, and a second one, ¢, binding it from the roof. In other
instances, a similar result is obtained by driving in a horizontal strut
between the nearest row of props and the face (Fig. 145).

Where the roof is filled with faces which cross and re-cross each
other, dividing it into a series of blocks, vertical props are not
sufficient support, as they only keep up that part over or near the
lid. In such cases transverse pieces of timber, called ‘bars” or
“struts,” are employed. If the sides are firm, these bars may Le
supported on them by cutting a recess (a, Fig. 146) on one side of

Fig. 146. Fig. 147. Fig. 148.

the road, and a groove, b, on the other, then inserting one end of
the bar into a, and driving it tightly into the position shown. If
one side of the road and the roof require support, otten one bar
and one prop are employed (Fig. 147). For the purpose of dis-
tributing the pressure, and increasiug the surface of resistance, the
timber is lined with boards, or laggings, placed longitudinally. If
the roof only requires support laygings will be laid across from one
transverse bar to the other; but if the sides are also bad, laggings
will be placed all round the setting.

For main roads and other positions, where the nature of the
ground requires it, entire sets of timber are employed, these con-
sisting of two upright props, and one bar on the top of them (Fig.
148), with laggings around. The chief point to be observed here

Fig. 149. Fig. 150, Fig. 151,

is that no hollow spaces should be left beiween the lagyings and the
roof. If any exist they must be filled up; if not, should the roof
break away, it descends on the timber with a blow like that of a
hamumer, and often displaces it from position.



PRELIMINARY OPERATIONS. 187

Joints.—The several pieces constituting a set are held together by
different forms of ** notching,” each of which resists pressure coming
from a certain direction. Where it is entirely from the roof, the
common practice is to simply flatten the bar slightly at the point
where it rests on the tree, and the weight soon tightens the pieces
together. With a view of obtaining a larger bearing on the props,
they are sometimes hollowed out at the top end (Fig. 149), the bar
resting in the space so formed. It is, however, very difficult to shape
this groove so that an equable bearing is obtained, and if this is not
done the prop soon splits. To resist side pressure us well as pressure
from above, the joint shown in Fig. 150 is largely employed. It is of
the greatest importance that this should be nicely made, and that the
end of the prop should fit evenly against the shaped portion of the bar.
The great mistake is to shape the piece as shown in Fig. 151. If this
be done the bar soon splits along the dotted line a.

Where the side pressure is great, the power of resistance is much

Fig. 152. Fig. 153.

increased by placing a second horizontal piece (a, Fig. 152) between
the two vertical props.

¢ Chocks,” or ‘“ Cogs.””—For resisting heavy pressure, either
in the working places or along the main roads, chocks, or cogs, are
largely employed. These consist of pieces of timber laid horizontally,
the alternate layers of which cross each other at right angles (Fig.
153). They may be composed either of broken timber from the
workings, or refuse material, such as old railway sleepers, waggons, or
wreckages. 1f applied in the face, these chocks are built on a small
heap of loose material, which allows them to be easily removed. If
required to stand for any length of time, the space in the interior is
filled in with loose dirt. Their size is an exceedingly variable one;
perhaps the largest are employed in South Staffordshire, where they
run from g to 12 feet square and 1o feet high. The construction of
one of these cogs is shown in Plate II. They are capable of resisting
enormous weights, as the more pressure applied the more they
resist.

Double Timbering.—In some parts of Great Britain and on the
Continent a system of double timbering is used to resist heavy pres-
sure. The weakest part of a bar being its centre, it is strengthened
there by a longitudinal piece (a, Fig. 154) kept in position by two
struts, &b, which rest on two other horizontal pieces of timber, ce,
these latter being finally fixed by two short sprags, d d, resting on the
floor. In such manner not only is the top bar strengthened, but the
two side props as well.

80 much of the useful space is taken out by the two angle struts
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(bb, Fig. 154) that this style of timbering could not be employed if
the road were a wide one containing a double way. The various parts
are therefore arranged in a somewhat different manner. Two longi-
tudinal timbers are placed beneath the bar in such position that the
distance between the props is divided into equal spaces. A transverse
strut (b, Fig. 155) is put between the two pieces a a, and the latter are
kept in position by a series of cross-struts, &c., ¢, d, as before, as will
.be readily seen from the sketch.

Fig. 154. Fig. 155.

In fixing this interior frame all the longitudinal pieces are first
placed in position, and held there by a wire lashing until the uprights
and cross-struts are firmly wedged in their proper positions.

A modification of this method has been employed where the
ground was exceedingly heavy and the timber subjected to severe

Fig. 1550 Fig. 155b.
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strains, both from the top and sides, to such an extent that an ordinary
frame of two props and a crown piece entirely failed to withstand it.
After several renewals had been made, double timbering was decided
upon, part of the inner frame being of steel. o )

Fig. 1550 is a cross section, Fig. 155b a longitudinal section along



PRELIMINARY OPERATIONS. 150

the axis of the roadway, and Fig. 155¢ a plan, in part of which the
crown bars of the outer setting have been removed to show the girders
and stretchers of the inner framing.

The outside sets of timber were put in side by side, touching each
other, and after 12 feet or so had been done in this manner, two steel
H-girders, aa, 6 inches x 4} inches x 4 inch were placed parallel
with the axis of the roadway beneath the bars in the right and left-
hand corners, and supported at each end by props, 5. Other props
were placed beneath the girders at distances of 4 feet. Finally
stretchers, ce, were driven from girder to girder—one at each end
and two in between at intervals of 4 feet. The girders thus support
the crown-pieces of the outside setting, as well as the ‘“push” from
the side. Under ordinary circumstances the crown-pieces of the
outside setting would be nipped or shaped at the ends and the props
cut to fit into them in order to take up some side pressure, but as
the steel girders keep the outside settings in their place, the bars
were not cut, but simply flattened to a small extent in order to obtain
more bearing surface. After a further length of 12 feet had been
timbered with the outer settings, a second lot of girders and supports
was put in as before, the result being that where the two girders
touch each other there are two vertical props, and two stretchers of
the inner framing touching each other—at all other points the inner
props and stretchers are 4 feet apart. The size of the timber through-
out was g inches diameter.

Courriéres Method. — The measures adopted at Courriéres

Fig. 155d.

Fig. 155¢.

Colliery, France,* for preventing falls of roof consist in systematic

189. C. Le Neve Foster, British Government Report on Mines and Quarries for
9.
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timbering, and in supplying each worker at the face with three iron
bars about 1} inches square and 4} feet long, and compelling him to
make use of these hars to form a sort of temporary shield in advance
of the last row of timber props. The iron bars are placed about
20 inches apart, and are driven in over the last crown-piece and
firmly secured by wedges. As the work proceeds the temporary
protecting shield is pushed on when another row of props has been
put in, the iron bars are withdrawn and then driven on in advauce
beyond the new set of supports. The men are so practised that it
takes them very few minutes to knock out the wedges, drive the bars
forward, and wedge them up again.

Figs. 155d and 155¢ explain the method, which is simple and
effective; aa is the last timber crown-piece, b the iron bars, and
cc the wedges keeping them in position.

Driving through Loose Ground.—In driving through watery
and loose ground, special timbering has to be adopted, and put in with
a view of removing as little material as possible. The general name
of “spilling ” is applied to such operations. First of all the frames (a
and b, Fig. 156) will be fixed in position, and probably a sole piece, e,
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Fig. 156.

will be added, as well as the two uprights and the cap ; then laggings
or planks, cc, are driven forward behind b, these being inclined
slightly outwards at an angle of about 15°, the pressure of the sides
gradually bringing them close up against the sets. Other laggings
are driven forward, inclined as shown at d, and a small quantity of
ground excavated in front of b, until room is obtained for another
set, shown in position at f. When this has been inserted laggings
will be driven, inclined outwards as before, for a similar length, and
the process repeated until the ground is passed through.

If the material is very loose, these laggings will have to be driven
near together and the joints between them made as close as possible,
and occasionally, in some cases, the ground at the back of the road
will have to be supported by planks strutted against the first set.

The objection to this system is that, in spite of every care, a
quantity of material oozes through the joints in very loose ground,
leaving large empty spaces behind. To prevent this, the system on
t'e Continent is to fill the face and the floor with a series of conical
wedges, driving these forward and so making progress. The sides and
the roof are sujported by laggings and sets, the former driven in in
the same manner as in spilling.
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Preservation of Timber.—The pickliug of timber with preser-
vative compounds in order to lengthen its life underground under
conditions where dry rot is prevalent, has scarcely received the
attention its importance demands. In the damp, hot airways of
some mines, a fungoid growth forms very rapidly and timber sets
soon become rotten. The loss of the timber itself i8 by no means the
only damage, as the labour charges for renewing the worthless sets
forms a large itemn of expense.

Compounds applied to the skin of the timber are all more or less
failures. Creosoting has met with considerable success for surface
work. The timber is first put in a boiler, a vacuum produced and
creosote forced in by a pump until the pressure equals about 100 lbs.
on the square inch, the timber absorbing from 6 to 12 Ibs. of creosote
per cubic foot. Creosote is a liquid obtained from the distillation
of tar and contains much naphthalene, hence timber so treated is
far more inflammable than ordinary wood. For such reason its use
underground cannot be regarded with favour.

At Saint Eloy in Auvergne * experiments were carried on for ten
years on seven varieties of wood, each sample being sawn into fifty-
two discs, the first and last of which were preserved in their natural
condition above ground, while the remainder were placed underground
in a damp level having a temperature of about 70°F. Two discs in
each ten were unprotected, while the remainder were subjected to
treatment by (1) sulphate of iron, (2) sulphate of copper, (3) chloride
of zinc, (4) creosote, (5) three coats of oil paint, and (6) tar. The
unprotected specimens were almost all destroyed in a comparatively
short time, from 2} years to 3} years. The preservative effects of
the different substances are given in a table, but, although all the
processes increased the life of the timber, yet no rule can apparently
be drawn, as the action of each substance seems to vary with the
character of the timber upon which it is tried. In the extreme case,
the durability of the treated timber was 150 times greater than that
of the untreated materinl. Creosote seemed to be the least effective
of all the substances experimented with.

At several Scotch collieries timber is treated by the Aitken pro-
cess, which consists in soaking it in a strong boMing solution of
common salt and chloride of magnesium, the proportion of salt to
chloride of magnesium being about 7 to 1, while there should always
be unmelted salt in the boiler bottom. The timber should be dry,
free from bark, and well seasoned. Timber 6 inches diameter requires
boiling for about two days, while one day’s boiling is quite sufficient
for 4-inch prop wood. Pitch pine and larch require longer treat-
ment than softer woods. When the timber is removed from the
tank in which it has been boiled, it is soft and unfit for use, and must
be dried by a few days’ exposure to the open air, the props being
preferably placed on end. The total cost of the treatment, exclusive
of royalty, is about 1} pence per cubic foot. At Niddrie Oolliery,t
in a temperature of from 68°F. to 80°F., and where the air varied
from dry to moist, ordinary timber decayed in ten months, while
timber treated by the Aitken process remained sound after 2} years.
At one of the Fife Coal Company’s pits two pieces of timber, each
weighing 10 lbs., were selected for experiment; only one piece was

* Inst. C. E., civ., 394. 1 Fed, Inst., x. 533. -
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treated, and after soaking and drying weighed 12 lbs. Both were placed
underground in a return aircourse, and after eleven months were
examined and reweighed. The untreated timber only weighed § lbs.,
while the treated piece weighed 12 lbs., exactly the same as when put
in, They were again replaced in the mine, and after a total exposure
of three years the treated piece was found to be sound, while the
untreated one was decayed and worthless. The strength of the
timber is apparently unaffected by the process.

Mr. F. Haselmann, in introducing his process into some German
mines, directs attention to the fact that in the ordinary methods for
‘preserving timber a physical impregnation only is produced by simply
soaking the timber in a chemical solution, and that the preservative
compounds so easily introduced into the cells may equally easily be
dissolved out again by the action of water. In his opinion complete
impregnation can only be effected when the solution containing the
preservative compound, together with the timbers floated in it, is raised
to a temperature of 123°C. under a pressure of about 2} atmospheres.
Boiling is continued for several hours, preferably in a solution of
sulphate of iron or copper, in order to induce a chemical combination
of the impregnating materials with the cellulose, and microscopical
examination afterwards seems to prove that the walls of the wood
fibres are impregnated through and through, while the hollow spaces
of the cells are absolutely free. The results obtained by the process
confirm those of the Aitken patent.

Strength of Pit Mining Timber.—As numerous experiments
have been conducted and recorded on the strength of timber, it is
a comparatively easy matter to find out the breaking strain of beams
loaded in various ways. Such experiments and rules, mostly relate
to sawn timber selected so as to be of uniform quality, and conse-
quently cannot be applied for determining the strength of bars and
props used for mining purposes. Indeed, most of the hitherto pub-
lished strengths relate entirely to strains applied transversely, and
give no guide to the amount of longitudinal stress which the miner's
prop will bear with safety.

Prof. H. Louis® has conducted 190 experiments extending over
eighteen months upon the behaviour of ordinary pit props supplied to
collieries when subjected to end pressure, care being taken to see that
the pieces selected for experiment were neither better nor worse than
the usual pit props of commerce. He points out that, as the material
is essentially non-homogeneous and very variable in character, the
subject is one of great complexity, and the results obtained can only
be looked upon as approximations to the real facts. The main conclu-
sions deduced from the experiments are summarised as follows : —

Of the ordinary soft woods, sound Baltic whitewood and redwood
and larch make the strongest pit props; their strengsh may be taken
as equal to 1} tons per square inch of area of the small end.

The strength of a pit prop is practically independent of its length,
within ordinary limits; but as the strength of a prop is that of its
weakest part, a long prop evidently presents a greater possibility of
including some spot of especial weakness than does a short one, this
probability of failure being dependent upon absolute length, and not
upon ratio of length to diameter.

* Fed. Inat., xv., 343, and xvii., 14.
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Slow grown timber is somewbat, but not greatly, superior to fast
rown.
¢ No timber should be used for pit props while it still contains any
eap, and attention should be given to thorough seasoning.

Only seasoned and sound props should be submitteg to antiseptic
treatment, and the props should be given time to season after treat-
ment before being used.

Crooked props, props with large knots, and, above all, gouge-
marked props should be avoided ; wind shakes are of less importance.

A prop that has been drawn after having been set is decidedly
weaker than when originally set.

Withdrawing Timber.—The economical gain resulting from the
careful and systematic drawing of props after the coal has been got in
the working faces is not the only advantage effected. The roofs of
most seams of coal generally settle down much more steadily and
regularly on the “gob” or packing when all props are removed than if
any are left behind, and, consequently, careful withdrawing of timber
may prevent the occurrence, and undoubtedly minimises the frequency
of those sudden pressures or “weights” which often have such a
disastrous effect on the working places, and which are productive of so
many accidents to workmen.

The apparatus commonly used for withdrawing timber is variously
known as “ringer,” “gablock,” or “dog,” and chain, and consists of a
length of chain and an
ordinary lever of the
second class where the
weight to be moved is
between the fulcrum
and the point where
power is applied. The
lever consists of a bar of
iron, generally about 4
to 6 feet long, having
a curved point, and pro-
vided with a hook some
7 to 9 inches from the
fulerum end. When a
prop has to be pulled
out of a waste or the Fig. 157.
gob, the first thing done
is to select the nearest firm prop to it, because some comparatively
immovable point must necessarily be obtained for the fulcrum of
the lever to rest upon. One end of the chain is then hitched
round the prop in the gob, the other end pulled taut, and the nearest
link attached to the hook of the lever whose fulerum end rests
against the firm prop. In Fig. 157, a is the prop to be withdrawn,
b the firm prop, ¢ the lever, and d the chain. If the end of the
lever be moved in the direction shown by the arrow, the prop a
must necessarily travel towards b. As soon as the limit of travel
is reached the lever is moved back to its original position, the chain
again drawn tight and dropped over the hook, and another pull
made, this operation being repeated until the prop a is comparatively
loose, Owing to the small amount of space in the working places
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relatively short levers have to be employed, the maximum leverage
obtainable being about 10 to 1. If a prop is firmly embedded
in the débris this leverage is insufficient to move it, and the work-
men often endeavour to assist the action of the dog and chain by
striking blows on the prop with a sledge hammer. As they have
to go beneath the broken roof to do this, the practice is attended
with considerable danger. In addition, the necessity of taking hold
of a fresh portion of the chain at each stroke of the lever results in
a considerable loss of
labour, as the prop
springs back some dis-
tance as soon as the
pressure is taken off the
chain.

To avoid these dis-
advantages, Mr. W.
Sylvester has designed
the pulling jack, illus-
trated in Fig. 158, which

Fig. 158. consists of a notched
bar, a, 3 feet long, with
machine-cut teeth about 1 inch apart and % inch deep along one
edge. One end of the bar is provided with a swivel joint, b, to
which is connected some 3 feet of chain and a hook for attaching
it to a firm prop, ¢. A sliding block, d, is passed over the other
end of the bar a, and connected to it by a bLolt, e, lever, f, and
link, g. This sliding block has a jaw-shaped recess, %, in one side,
enabling it to be easily and securely fastened to any link of the chain
+ attached to the prop being withdrawn. When the lever fis slightly
raised, and the bolt ¢ reached forward into the next tooth, the block d
can be pulled towards ¢. A spring catch bolt, £, falls at right angles
into the notches of the bar and holds the block in position, while the
lever reaches forward into the
next tooth. Figs. 159 and 160
show an enlarged sectional view
of the block d and catch bolt &
in the position when the latter
is raised and turned sideways
on shoulders, provided for the
purpose of allowing the block d
to be easily slid into any desired
position on the notched bar a.
The method of using the
Figs. 159 and 160. pulling jack is as follows:—It
is first attached to the prop c,
the sliding block & run back to its furthest limit, and the catch
bolt % turned round and allowed to drop into the first notch. A
long chain is lashed round the prop to be withdrawn, the other end
pulled tight, and the nearest link placed sideways in the jaw A
Whilst the machine is being worked the click of the catch bolt
as it falls into the notches indicates how far the lever has to be
moved each stroke. When the sliding block has been drawn to the
limit of its travel along the notched bar, it can be released by pressing
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the lever forward as if about to make another stroke. This relieves
the catch bolt of the weight, and enables it to be raised and lifted on
to the shoulders, as shown in the illustration, when the block can be
moved along the notched bar and placed in position for a further
movement of from 2 to 2} feet, if necessary.

The leverage obtained is 30 to 1, and a man of average strength
can lift a dead weight of 2} tons. By employing chains of
varying lengths several props can be removed at each fixing of the
machine, while, owing to the comparatively long travel of the sliding
block and the large leverage, the work is carried on more quickly and
easily than with the dog and chain. The machine is very useful
underground, as it can be employed for many different purposes, such
as tightening ropes or chains, releasing tubs that have become jammed
together, and, indeed, for moving heavy weights generally. The
application of the machine is shown in Fig. 161, where a prop sur-

Fig. 161.

rounded by a quantity of loose material is being removed. In this
. case the chain is hooked round the prop as low down as possible, and
passed over the top of a short sprag or sleeper reared against the prop.

As the sprag reels backwards the prop is lifted upwards. The
illustration shows the sliding block at the end of its travel ; the catch
bolt inust now be withdrawn, the block pushed along the notched bar
and relocked, and the chain pulled taut and its nearest link placed
edgeways in the jaw of the sliding block, when the apparatus is ready
for further use.

At Konigsborn II. Colliery, in the South Dortmund district, small
screw jacks are used for changing broken props beneath steel girders,
with very satisfactory results. The bars can be pushed close up
against the roof, and the operation performed much quicker and safer
than if the caps were temporarily supported by a spare prop, as is
generally done when changing broken timber. The work done by the
timberers is increased at least one-third.



166 TEXT-BOOK OF COAL-MINING.

Iron and Steel S8upports.—So far as props are concerned, no great
success has as yet been obtained, although in some instances they are
largely used. The first cost of either iron or steel is always so much
larger than that of wood, that if metal props are employed it is abso-
lutely essential that none should be lost. If they are, the economy
resulting from the decreased breakage is more than counterbalanced.

Oast-iron props have been tried, but have not met with much
favour. They are somewhat easily broken, very heavy, and conse-
quently dear. ‘

Ordinary steel girders of the H form, if used as props, present a
sharp and uneven surface to the roof, or floor, or to timber lids.
Firth’s arrangement removes this difficulty. A piece is cut out of the
web at each end (Fig. 162), and a flat top and bottom formed by turn-

/

Section on cd
Figs. 162 and 163. Figs. 164, 165, and 166.

ing over the top and bottom flanges until they meet (Fig. 163). In
addition, holes, @ a, are punched in the web about a foot from each
end, into which a hook may be inserted for the withdrawal of the
rop.
P ‘{Nith a 6-inch section girder, half this length has to be cut out of
the web at each end to allow the flanges to be bent back. To prevent
this waste, Mr. W, E. Kenway has patented * a separate, or detach-
able, foot having an area greater than that of the end of the girder,
which constitutes so broad a bearing that the lower or upper ends of
the prop are prevented in a great measure from either sinking into
the floor or pressing into the roof. These feet may be made of cast
iron in the form of a rectangular plate having projections on its upper
surface of such size and shape as to be suitable for engaging with the
middle web and flanges of the prop, or preferably they can be con-
structed out of sheet-iron or steel. Tongues or semi-detached pieces.
are then cut out on each side of the middle line, and ure bent out of
the plane of the plate. The middle web of the prop is engaged be-

*® 1894, British Patent, No. 23,356.
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tween these tongues, which by their elasticity secure the foot to the
end of the prop.

These tongues can be slit out in many varied shapes and positions,
but instead of doing this the plates are commonly made with the parts
for holding the prop stamped out as represented in plan in Fig. 164,
and in cross-section in Figs. 165 and 166. Four symmetrically
arranged projections, p p, are made by the stamping process from the
foot-plate A, and these projections are highest at those parts which
engage the middle web of the prop, the other parts inclining downwards
towards the edge of the plate (see cross-sections). Each plate is con-
structed to take two sizes of girder asshown in Fig. 164, where a small
prop is represented in section, and a large one in dotted lines. These
detachable feet are comparatively cheap, if the fact is borne in mind
that they avoid any waste in cutting the girders, and they can be
varied in size to suit the nature of the floor or roof. They can be
immediately attached to, or detached from, props of various lengths,
and do not interfere with the drawing of the props. The girder comes
away easily leaving the shoe behind, the latter being picked out
afterwards.

The greatest application of steel girders in Eunglish mines is to
replace the timber bars used on ordinary sets, retaining, however, the
two vertical wooden props. It is obvious that, as the lower flange of
the girder is smooth, and cannot be notched like a timber bar, if there
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Fig. 167. Fig. 168. Fig. 169.

is any side pressure, means have to be adopted to keep the props in
their correct position, and prevent them from being pushed inwards.
This is done in a very simple manner. About 4 to 6 inches
from each end an ordinary chair is fixed on by the blacksmith,
this consisting of a short piece of bar iron about 1 inch b
{ inch, crossing the bottom flange, and, turned round at each end,
gripping the upper side. The enlarged sketch (Fig. 167) is a trans-
verse section on line a b (Fig. 168). Any common scrap iron can be
used for this purpose. The chairs are placed in position before
the bar goes down the pit, and the labour cost for each girder
for such addition is 3d.

Mr. E. Thompson has designed the shoe shown in Fig. 169, into
which the steel girder slides, for use with wooden props. The girder
cannot cant over, nor the props be pushed down by side pressure.
This saves the wood props, which are liable to split when the girder
is forced over on to the edge of the flange.

The author has had considerable experience of the utility of these
steel supports. For bars up to 7 feet long a section measuring 5 inches
by 4 inches by ’12 inch, weighing 66 lbs. per yard, is employed, these
costing 9-28s. They replaced oak bars, measuring 6} inches quarter-
girth, costing 2:66s. The price ot steel was, therefore, 3'49 times that
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of wood. As an experiment, lengths of roading were timbered
alternately -with wood and steel (bars only, timber being used as
props), but before any definite results could be observed the district
tired, was dammed off and abandoned. After a lapse of nine months
the roads were re-opened, and it was then found that the steel bars
had scarcely suffered at all, only a few being displaced through the.r
timber supports breaking. Owing to the fallen roo! at places where
timber bars had been set, over £100 in wages was spent in repairs,
which would have been unnecessary had steel bars been employed
throughout, and, in addition, the first cost of the timber was entirely
lost. On a main haulage road, 12-feet girders, of a section 6 inches by 4}
inches by 4 inch, weighing 78 lbs. to the yard, and costing 20°'95s. each,
have been employed, replacing timber bars g inches quarter-girth, cost-
ing gs. each. The first cost of steel wus hiere 2:33 times that of wood.
The date of fixing each girder was noted, and numerous instances
could be given of their lasting out from three to four sets of timber
before removal. Two especially may be instanced; they were fixed
at a junction, where the pressure was very heavy, and actually stood
for 13 weeks before removal, while the longest time an oak bar lasted
in the same place was a fortnight; many
failed in a week, and it was quite useless
putting in Norway timber, as it broke in
two days.

If the steel bars were worthless on
removal, the actual cost in the above in-
stance would be less than timber, but all
that has to be done is to take them out
and straighten them, and then they are
practically new. Their advantages are
not so apparent where timber lasts a long
while, but with heavy pressures, and in

Fige. 170 and 171. return air-ways, they are far superior.

They must be set very carefully, with an

equal level bearing, both on props and to roof; if not, they turn over

and present their weakest side to the pressure. When they take a

permanent bending set, the best thing to do is to either turn them

over, or, if the bending is large, remove and straighten. With
these precautions. the author has rarely found them break.

On the Continent complete frames of steel are largely used. In
some cases they are composed of two pieces, the top portion bent into
the shape of an arch a, and connected at the summit by fish-plates
and bolts, the lower end resting on an iron shoe fitted to a wooden
baulk, timber lags being driven behind the frames against the sides of
the excavation. Elliptical shaped sets are also employed, but the
common form is composrd of two pieces of circular shape . Instead,
however, of making the joints with fish-plates, the frames are con-
nected together by a sliding iron collar, which is secured in its place
by driving between it and the frame two pieces of wood like rail keys.
Figs. 170 and 171 show the application of such & joint at Firminy,
where old pit rails are used.

At Lens timber lags have been done away with, and small strips
of channel steel, about 2 inches by § inch, used in their place.
A great advantage of steel is that it does not occupy so much space
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either as timber or masonry, and thus a greater effective area of
roadway for the same amount of excavation is secured, or the cost of
driving the road is reduced, because less excavation is required to get
the same effective area.

For use where complete girder frames are adopted, Mr. E. Thomp-
son suggests the use of a steel clip (Fig. 172), which is made in two
halves and grooved so as to fit the flanges on both sides of the bar and
prop at the joint (Fig. 173). The prop can be driven up under the
bar, and the latter forced close up to the roof, while the clip can be
fixed after the setting is erected. Both bar and prop are practically
interlocked and prevented from canting over or shifting in any direc-
tion. Only one bolt is required for securing the two halves of the
clip. The rigidness of such u setting is to some extent a disadvantage.

Fig. 172. Pig. 173.

There is nothing to give way, and such a state of tension may be
induced that either the girders break or the whcle may suddenly
spring apart and collapse, without giving any preliminary warning as
ordinary timber does.

Corrugated sheeting has been adopted by Mr. E. F. Melly on a
somewhat novel plan in the so-called 7-feet seam of the Warwickshire
coalfield.* When driving a
road with the Stanley heading
machine, it was decided to leave
18 inches ot coal underfoot,
owing to the floor consisting of
soft fireclay, and to take down
a portion of the roof. The roof
was then supported by curved,
black, corrugated iron sheets,
5} feet wide by 2§ feet long,
with a spring in the arch of 15
inches, of No. 15 gauge, this
being the thickest that the
manufacturers would undertake
to corrugate. There were seven
corrugations, the weight was 58 lbs., and the cost was 4°33s. per
lineal yard (£8 3s. 6d. per ton). The cost of erection, including
fixing a few bricks to make the sides solid where necessary, and
packing securely overhead, was 1}s. per yard in wages. The roads
stood well and gave less trouble than where tle same road was
supported with timber bars, as the soft wet roof rotted both bars

* Fed. Inst., xiii., 279.
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and lagging. The only drawback appears to be that, after once
being used, the sheets are of little use except as old iron, unless
other similar places have to be supported.

For permanent situations, where girders are placed on masonry
side walls, considerable economy results. The worst feature about an
arch is the large amount of space which is lost through the semicircular
form at the top. Taking an ordinary roadway (Fig. 174) occupied by
two tubs, an arch has to be 8o made that the curve of its upper portion
allows the tubs to pass through without catching, and as a result a
high space exists in the centre, which not only costs a lot of money to
excavate but serves no useful purpose. If a girder, a b, be placed on
the top of the walls, the excavation of the area abe, which contains
428 cubic yards, becomes unnecessary, and, in addition, the cost of
the brickwork will be saved. In the illustration under notice this
will amount to 2°'08 cubic yards per lineal yard, which will cost for
labour, material, and mortar quite 29:328. Against this has to be put
the price of the girder, amounting to 20'958. One of these will be
required for each lineal yard. The girder and side walls, therefore,
effect a saving in first cost of 8:378. per yard run in material, to which
has to be added the reduced cost of the excavation, in this case at
least, 14°98s.

Side walls and girders are not so capable of resisting side pressure
as an arch, but this difficulty can be overcome by turning small brick-
work arches in between each girder (Fig.
175) in the same way as is done with
fireproof floors of buildings. There is &
certain amount of spring in steel girders,
and when weight comes on to these small

Fig. 17s. arches there is a risk that the girders

will bulge in the middle and allow the

arch to flutten. To prevent this happening, tie-rods, a, are placed
across from girder to girder.

Masonry.—For all permanent situations, securing the sides with
masonry still finds greatest favour. It is, perhaps, more expensive to
put in for reasons already stated—viz., the greater excavation required
both for the masonry itself and to obtain the same effective area, but
when required to stand for many years it cannot be surpassed. It is,
however, necessary to make the lining continuous all round the road.
The practice of building arches without an invert is not to be recom-
mended ; if an arch is worth putting in at all it should be put in well,
and, in addition, some soft packing material, such as sand, must be
introduced between the lining and the strata. No vacant places
should be left hehind the brickwork, and all timber used for the
temporary support of the excavation while the work is being put in
should be removed. The introduction of a soft material between the
brickwork and the strata not only distributes the pressure over a
considerable area of brickwork and prevents local weight, but, as it
gradually gets compressed, acts as a resisting medium itself. This
packing should neither be too much nor too little; from 12 to 18
inches gives the best results. To show how important it is, the
result of an experiment made by the author in 1888 may be cited.
Two successive lengths of 7 feet diameter arch were lLuilt, one with
masonry 18 inches thick, packed behind with a foot of sand, and the
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other not less than 18 inches thick, but built solid. The latter was
crushed to pieces and had to be taken out in a year; the former is
still in and does not show a crack. .

The shapes of arches are many. The circular form is the strongest,
but requires so much excavation that it is seldom employed. An
ellipse is perhaps the next strongest, but this again requires a large
space. The form generally adopted is a combination of the two. The
side walls and top usually form part of one curve, struck with a radius
equal to half the width of the road, while the invert, or bottom, is a
portion of another circle having a larger radius. This ties the whole
structure together, and prevents either the bottom lifting up or the
sides heaving in. Two forms adopted by the author for a single and
double way are shown in Figs. 176 and 177. They do not contain any

Fig. 176. Fig. 177.

straight lines. In the 12-feet arch all the portion above the invert is
part of a circle to radius 6 feet, while the 7-feet arch contains portions
of four circles—i.e., the two side walls and invert to radius 7 feet, and
the semi-circular upper part to radius 3 feet 6 inches.

These arches are put in in lengths, which vary with the nature of
ground; 6 to 9 feet, with a bad roof, and up to 5 to 7 yards, with a
strong one.

The first procedure in putting in arches is to remove the ground ;
to do s0o two methods are in vogue. In one—the general English
custom—a small road is driven right at the top of the arch. and the
ground excavated on each side and downwards, while in the other, the
tirst road is driven at the base of the arch and the ground removed
upwards.

In timbering the ground, the peculiar point is that all the main
pieces are set parallel! with the axis of the road, and not transversely,
the reason for such departure from the usual practice being, that as the
masonry is brought upwards all the timber has to be removed, and
this could not be done, especially in the upper portion, where the two
walls are approaching each other, unless it lay in the same line as the
brickwork.  Another point is, that if trees have to be set, as they
frequently have, in the middle of the excavation, the smaller end should
be placed downwards, the reason of this being that when the masonry
in the invert is built round them, other props are set on the brick work
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to the point they are holding up, and then those going through the
masonry are drawn out, and if the larger end were downwards it
would be impossible to do so. The method of timbering will be under-
stood by examining Figs. 178 to 181, which illustrate the position of
affairs at two stages of the operations. Supposing in Figs. 178 and 179
the top head has been driven, and an amount of ground, shown by the
dotted lines, has to be excavated, the first procedure is to set two long
bars, a a, one end of which rests on the arch already put in, g,and the
other on a timber set, f; placed in the head. These two will probably
be connected by a strut, 5. The ground will then be excavated, first
on the sides, and other longitudinal bars, ¢ ¢, put in, connected to the
other two by struts, 4 d, and behind these lags will be placed if the

Fig. 178. Fig. 179.

Fig. 180, Fig. 181,

ground requires it. At this stage Figs. 178 and 179 represent the
position of affairs, the two longitudinal pieces, ¢ ¢, being supported by
small temporary props, e e, set on the floor.

As the excavation proceeds downwards the props e e are removed,
as soon as space is obtained for other longitudinal pieces. This
process will be repeated until a complete lining, consisting of longi-
tudinal bars and cross-struts between them, exists all round the
excavation. In heavy ground the longitudinal pieces are often con-
nected by transverse bars (a a, Fig. 180) and in addition vertical props,
b b, are set between, until at the completion the work presents the
appearance shown in Figs. 180 and 181.

The masonry is now commenced. First of all a lining of sand is
spread in the bottom, and shaped to the curve of brickwork, of course
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at the proper gradient. A wooden frame or *template,” made of the
exact shape of the finished inside dimensions of the invert and side
walls, is fixed at such a height above this sand as will allow the thick-
ness of the brickwork which is going to be used to be placed between
it and the sand. The first ring of masonry is generally laid dry.
Operations commence at the centre line, placing the longer length
of the brick parallel with it, and adding successive rows on each
side until a point (b, Fig. 182) is reached. This distance is such
that the ends of each ring when joined form a straight line, puinting
towards the centre of the circle, of which the invert is part (b a, Fig.
182). The succeeding rings are put on by spreading a good bed of
mortar over the one first laid, dropping the bricks down a few inches
away from the position they will eventually occupy, and then slipping
them along until they get into their proper places. By doing this,
not only is the excess of mortar in the bottom pushed away, but a
quantity is gathered up into the end and side joints, and, in addition,
close contact Letween the mortar and brick is made. This procedure
is repeated with each layer until all the invert is put in,

The building of the side wall now commences. The point a b (Fig.
183) is the weakest in the arch, 8o, as a compensation, the brickwork
is increased in strength there (see also Figs. 176 and 177). With the
exception of the small portion of masonry cross-shaded on the left-
hand side of Fig. 183, all the brickwork in arches is laid in stretcher
courses, but for this small piece English bond is used, and the bricks
in each course are alternately at right angles to those of the invert,
and, as they are laid horizontally, have to be cut into the shape shown
enlarged at A. When the point a ¢ (Fig. 183) is reached, the bricks
are laid longitudinally again, but to obtain the proper curve, culvert
or arch bricks are employed for the first course. Each ring is kept
perfectly separate from the others—that is to say, they are not bonded
together.

" When the side walls have reached their proper height the centres
will be set, laggings put on, one by one, and the brickwork gradually
brought round until the two sides nearly meet. To close up the top:
properly, the mason should be outside the arch, but as this is impossible
in mines, the difficulty is got over as illustrated in Figs. 184 and 18s.
When the space between the two sides diminishes to about 2 feet, or
such width as a man can conveniently work in, two grooved laggings,
aa,are put on, Up to this time the masons have laid the courses
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parallel with the direction of the arch, they now put the remainder in
transversely, but still keep the longer axis of the bricks in the same
direction. Commencing near the length already in, the man lays a
strip of iron (b, Fig. 184, and No. 1, Fig. 185), which is curved to
the same radius as the arch, in the groove of the laggings. He then
makes up the small portion, supporting it on No. 1 iron, retires back-
wards, puts on another iron, No. 2, and keys in the part between No. 1
and No. 2, goes back again, puts on No. 3, and repeats the process,
until the length under consideration is secured.

Instead of using timber centres, which block up the upper portion
of the road, the author has invariably employed iron ones, which
possess the great advantage not only of being light and easily fixed,
but also of leaving the centre of the road free. In some instances,
they have been made from old railway rails, dropped into a wrought-
iron shoe, or in others of angle or T iron, at the base of which a return
plate about 6 inches square is placed (¢, Fig. 184) and secured to the
angle iron by a small gusset stay, d.
The laggings employed are usually
about 3 inches thick, and it must be
remembered that twice the thickness
of these has to be deducted from the
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Figs. 184 and 185.

diameter of the arch to find the size of centres required, therefore,
with a 12-feet arch, the centre should measure 11 feet 6 inches.
‘With iron centres the author has put in over 100 yards of 12 feet
arching in the main road of a colliery, and never stopped drawing
through it a single day.

Arrangement of Inset.—In the great majority of cases the
empty tubs, after being removed from the cage, have to be brought
back by the side of the pit shaft, and for such reason the hanging-on
place is made wider than the diameter of the shaft, indeed, it is usual
to provide a passage on both sides. The shaft brickwork and the
arching are best connected by ¢ belling” out the former, as shown
in Fig. 186, this being by far the strongest construction, and, in
addition, room is provided for bearers, to which either guide pulleys
for haulage ropes or main supports for water or steam pipes can be
attached. A sump frame, a b, will be provided to receive and keep
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the cage steady while changing is going on, and if two or more decks
are used, another frame of cross-bearers, ¢ d, will be put in. On the
latter the cage rests during changing, and as it drops there with
considerable force, Mr. Emerson Bainbridge has employed spiral
springs at Nunuery Oolliery, Sheffield, which are simply let into the
bearers and receive the cage (Fig. 187). There are six springs to each
cage, each g inches long by 5% inches diameter, made with 9} coils of
g-inch steel. All jar and shock is avoided.

The arrangement of the tramways at the pit bottom should always
be such that from the point where the full tubs are removed from the
haulage ropes, to that where the empty ones
are again attached, the motion should be due
to gravity alone. To a certain extent, where
engine power is available, it is, comparatively
speaking, an easy task to haul the tubs to
such a height above the hanging-on place that Fig. 187.

a regular fall is obtained towards the shaft for

the full tubs, and a fall in an opposite direction for the empty ones.
The landings are technically called “kips,” and it is advisable that
they should be as long as possible, so as to get standing room for
a large quantity of tubs; winding may then go on, up to a certain
limit, even while the haulage machinery is standing. To still further
facilitate rapid changing, it is best to arrange matters in such a
manner that the tubs always pass into the cage on the same side at the
pit bottom as they do at the surface.

The subject of caging the several decks simultaneously is dealt with
in chapter viii,, and all that will be done here is to describe the
operation of getting the tubs (waggons) to the apparatus used for this
purpose. A favourable plan is to arrange the shaft at one extremity
of the main haulage road, and haul the tubs by mechanical means to
the point a (Figs. 188 and 189); the full road is then laid at a slight
inclination (about 4 inch to the yard) towards the shaft, the tubs
gravitate there, and are placed on the cage by an onsetter. The empty
ones gravitate away from the shaft down the slope b ¢, having a grade
of 3} inch to the yard to give the required speed, along a slight flat,
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Figs. 188 and 189.

¢ d, and then up the inclinede. The tubs will not proceed far up
d e, but do so for some distance, owing to the momentum they have
gained coming down b ¢, and travel just far enough to clear the points
at d. As the slope is against the tubs, their direction of motion is
changed, and on their return down e d they are switched off auto-
matically by spring points into a road to the left having a down-hill
grade, pass by the side of the shaft to the point g, where they are
again attached to the haulage rope, and proceed into the workings.
From the time the tubs leave the rope at a to the time they are again
attached at g, no labour is necessary, the movement being quite
automatic.
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Mr. M. H. Douglas * has described, in an excellent paper, several
systems of laying out shaft landings, all of which are worthy of study.
One, however, needs special mention, where, owing to the inclination
of the seam, caging takes place at two decks simultaneously, without
the use of any balance arrangement (Fig. 190). There are two shafts,
about 4o feet apart, each sunk to the same seam, and two engine
planes, each fitted up with a double line of rails. The coals hauled
out of the No. 1 engine plane are drawn above the switches s, and
lowered down into the road x z, as required, and are hung on exclu-
sively at the high level, the road x being used for No. 1, and 2’ for
No. 2 pit. In arranging the roads for the removal of the empties,
advantage was taken of the natural dip of the seam, the road y being

A

Fig. 190.

used exclusively for No. 1, and y’ for No. 2 pit. The same method is
pursued with the coals hauled out of the No. 2 engine plane, with the
exception that these tubs are used entirely at the low levels, the
gradient being formed by driving stone drifts for the full and empty
roads. The high and low levels differ in height exactlv 8 feet. The
sketch explains itself, if it is remembered that the tubs from No. 1
engine plane feed the top decks of both pits, while those from No. 2
engine plane feed the bottom decks. The only objection to such a
system is that equal quantities of material must be drawn by each
engine plane.

The inset at No. 5 pit, Bascoup, Belgium, affords a fine example of
the automatic and continuous movements of the tubs in one direction.
The landing is laid with a double line of rails, and passes through the
centre of the shaft, parallel with the longer axis of the cage (Figs. 191
and 192). From each end of it branch off two side roads, each laid
with a single line of rails; one set proceeds towards the north, and the
other towards the south. The two roads to the north, and the two
roads to the south, rise from the shaft, and each pair unite at a point
about 100 yards above the level of the pit bottom, where the motive
pulleys of the haulage are fixed. Roads branch off level to the east,
and further junctions are arranged, as shown in plan (Fig. 192), each
having separate wheels on vertical shafts. T'wo endless chains exist
in the roads driven to the rise, one on each, and these pass round the
motive pulleys. The full tubs descend towards the shaft in one road,
and the empty tubs return from it in the other. The same chain
passes upon pulleys on the upright shafts a a', and also round the
return pulleys b ¥, ¢ ¢/, situated at the two extremities of the inset,

* Brit. Soc. Min. Stud., i., 443.



PRELIMINARY OPERATIONS. 177

and passes through the shafts without interfering with the cages, or
even with the movement of the tubs in the hanging-on place, as the
tubs gravitate from b to . The application is remarkably simple and
efficient, a noteworthy point being that the direction of motion of the
tubs is never changed, except at the working face. The plan and
section explain this; the pit bottom is at the lowest point, the dotted
lines represent chains, and the arrows the direction of motion.

Shastt

Figs. 191 and 192.
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CHAPTER VI
METHODS OF WORKING

The Two Main Systems.— Broadly speaking, there are two
systems of mining coal, called “bord and pillar,” and “longwall.”
Outside the North of England and Scotland the former is but little
practised in Great Britain, while the latter, which originally took its
rise in the Midlands, is very extensively applied. Endless moditi-
cations of each system are employed, and the two gradually merge
into each other, until it becomes impossible to say to which system
some methods belong. The tendency of the present day is to employ
longwall more and more, and this method is slowly but surely super-
seding every other one. There are, however, some seams which
it would be impossible to work longwall—that is to say, at any
reasonable cost.

Shaft Pillar and Subsidence.—It is necessary that a certain
area of coal around the shafts should not be worked, but should
remain to afford support, and to prevent any risk of what is known us
“creep.” It is impossible to give any general rule by which the size
of shaft pillars for given depths may be determined. Everything
depends on the nature of the beds overlying the seam, the inclination
of the strata, the nature of the floor and roof, and the stowing of
the excavation.

It is hard to prevent creep in seams having a soft floor, especially
if water is present. The pressure on the pillars of coal forces up the
soft underclay in the roads between the pillars. When once this
action commences it is most difficult to stop, or to keep the roads
open ; everything seems to be on the move. Perhaps the only method
of prevention in longwall work, is efficient and close packing ; leaving
large pillars is not sufficient, as Mr. J. A. Longden* mentions an
instance of a Derbyshire colliery, 520 yards deep, where the shaft
pillar was 260 yards broad by 8oo yards long, the mine being flat, and
yet creep came on so scriously that great fears were entertained that
the shaft would be lost. The pit bottom arching had to be put in
three times, finally with layers of oak and brickwork alternately.

The working of beds of coal always lowers the overlying strata,
giving rise to what is known as ‘“subsidence.” A certain height is
taken out, and, although the excavation may be filled with material,
such packing, even at the best, is loose compared with the solid coal
originally existing. The gob is compressed, and the overlying strata
and the surface sink down. If the area of subsidence was limited
to the strata immediately above the area worked, the problem of
determining its direction, if not its amount, would be easy ; but even
in level measures the disturbance extends beyond the limit of the
excavation.

* Brit. Soc. Min. Stud., xii., 127.
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With inclined seaws the fracture of the beds never takes place in a
wvertical direction, but always in a plane approaching the perpendicular
to the inclination of the strata. Mr. Callon * advocated the theory,
known as that of the “ normal,” that subsidence takes place at right
angles to the planes of stratification, and extends, without sensible dim-
inution in amount, right up to the surface, whatever may be the depth of
the beds. He points out that in seams worked by longwall with com-
plete stowing, the maximum subsidence commences at the centre of the
excavation, and gradually extends to the boundaries, when the fracture
of the bed immediately above the seam takes place at the points whers
it is supported on the solid strata. The loosened mass then leaves the
bed above it and sinks down on to the stowing below, and a similar
process takes place with each successive bed right up to the surface.
When unconformable strata overlie the lower measures the direction
of the lines of fracture will be considerably altered, as each bed will
break at right angles to its bedding plane (Fig. 193). In pillar
workings without gobbing the .
root fulls and fills up the exca- *
vation, and the amount of sub-
sidence depends on the com-
pressibility of the débris. With
very hard rocks, and a moderate
depth, pillar working might cause
less subsidence than longwall
with complete packing. In the
case of hard rocks a bell-shaped
-cavity, narrowing upwards, will
be formed by the breaking down
of the roof, while, with soft and
non-coherent strata, the cavity
will be funnel-shaped.

Owing to serious subsidences Fig. 193.

‘taking place in the neighbour-

hood of Liége, Mr. G. Dumont was commissioned to inquire into the
matter, and, after an exhaustive examination of the district, drew up
& report covering over 300 pages of a quarto volumet giving un-
qualified support to the theory of the ‘normal,” except for seams
lying at a greater angle than 68°, because, in the latter, the intensity
of the pressure is diminished by the friction due to the obliquity of
direction which the broken fragments must take. Thus, if a b (Fig.
194) represents the weight of the broken block A B, this force may
be resolved into a ¢ and a d. The greater the inclination the less
becomes the force a d acting at right angles to the bedding planes,
and totally disappears when they are vertical. Experience seemed
to demonstrate that when the angle of inclination was 68°, a ¢ was
-equal to a d. . .

Unfortunately, the correctness of Mr. Dumont's deductions is
questionable, because the difficulties of observation were increased by
the presence of old workings and of the workings of several collieries
within a very small area. The Colliery Owners’ Association drew up

* Lectures on Mining (English translation), ii., 306. .
+ Des affaisements du sol produsts par Vexploitation houillére, Libge, 1871,
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a reply * admitting that the “law of the normal” may hold good
where the seams are of small inclination, but arguing that the propa-
gation of a fracture following the normal of the stratification of highly-
inclined beds is a mechanical impossibility. They considered that
the fracture at the lower extremity of the working will take place
in inverted steps, and the fracture at the upper extremity will resemble
a flight of steps viewed from below, while the average inclination of
these steps will faull between the normal and the vertical (Fig. 193),
approaching the one or the other according to local circumstances.
They also remark that in steep seams t account must be taken of the
fracture by crushing, which, according to Coulomb, occurs at an angle
of 45°. The combination of this force with that tending to break the
bed by bending, induces fracture along a line intermediate between the:

v
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Fig. 194. Fig. 195.

two directions, and such line goes further from the normal as the
inclination of the strata increases.

The diversity of opinion among engineers led Mr. H. Fayol to
review the whole subject,} and to conduct a series of observations
both on ingenious models and on actual subsidences due to working
seams of coal in cases where such observations could be made free
from all complications. He commenced by summarising the contra-
dictory opinions that have been expressed, for example :—

(x) Upon the extension of the movements upwards—

(a) The movement is transmitted to the surface whatever may be the:
depth of the workings.
(b) Th?i suxl'face is not affected when the workings exceed a certain
epth.

(2) Upon the amplitude of the movements—

(a) Subsidence extends to the surface wathout sensible diminution.
(b) Movements become more and more feeble as they extend upwards.

(3) Upon the relative positions of the surface subsidence and the
mining excavation—

(@) Subsidence always takes place vertically above the workings.

(b) Subsidence is limited to an area bounded by lines drawn from the
perimeter of the workings, and perpendicular to the beds.

(c) Subsidence cannot be referred to the excavation either by vertical
lines, or to the normal of the beds, but only to lines drawn at
an angle of 45° to the horizon, the angle of repose of the ground,
or some other similar angle.

® Des affaisements du sol aitribués @ Pexploitation houillére, Liége, 1875.

+ Op. cit., 108,

1 Note sur les mouvements de terrain provoqués par lexploitation des
mines,” Soc. Ind. Min. (2° Série), xiv., 80s.
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{4) Upon the influence of gobbing—

(a) The use of packing protects the surface effectually.
(b) Packing simply diminishes the effect of subsidence.
(c) Subsidence is greater with stowing than without it.

Mr. Fayol points out that the theory of the normal is based on the

erroneous supposition that beds break at right angles to the planes of
stratification and at the perimeter
of the excavation, but from actual
experiment he found that in 8o
per cent. of the observed cases the
plune of fracture was an inclined
one, and adds that although opinions
are greatly divided these differences
-are more apparent than real. They
are the result of generalising from
single facts which are only parti-
-cular cases of the following rule :*—
In stratified deposits the zome of
subsidence is limited by a sort of
dome which has for its base the area
of excavation; the extent of the move-
ment diminishes the further one goes
away from the centre of that area.

Not only were careful observa-
tions made of the extent and amount
-of subsidence produced in working
the mines at Commentry, but, in
addition, the following experiments
were made on models to reproduce
on a small scale movemeuts in the
overlying strata caused by working
seams of coal, in such a manner as
to be able to observe the progress
of events. On the bottom of a
wooden box having a glass front
were placed, side by side, small
pieces of wood of equal thickness,
about an inch wide, and as long as
the width of the box; several rows
of these small pieces of wood were
sometimes placed one above the
other. Upon them were laid suc- Wet Sana
cessive beds of artificial strata, vary-

ing from ;% inch to an inch or more in oy &
thickness, consisting of earth, sand, Plaster
clay, plaster, or other materials. To Figs. 196, 197, and 198.

enable the least movement to be

* This paper is the most important one which has been published on the effect
-of coal-working on the surface, and throws considerable light on what is perhaps
the most intricate Froblem in mining, and about which few facts are known. A
.careful summary of it, and also of Mr. Dumont’s memoir, by Mr. H. F. Bulman,
is given in Journ. Brit. Soc. Min. Stud., vol. xii., 1890, and by Mr. W, Galloway
in So. Wales Inst., vol. xx., 1897.
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followed, small pieces of paper sabout{ inch long) were laid in the
planes of stratification, and ink lines were drawn on the glass front
o' the box exactly covering the lines formed by the paper strips.
When the small pieces of wood were withdrawn one by one, excava-
tions were formed and movements produced in the artificial strata.
Pig. 196 represents the effect produced in the overlying beds by
taking away in the order indicated by the numbers the upper row

Figs. 199 and 200,

of wooden pieces, which were each about o4 inch thick. The
original level of the beds is shown in full lines, and the amount of
subsidence in dotted ones. After the seventeenth pitlar is removed
the beds have become bent, as illustrated, the limit of the movement
being indicated by the curves Z'3 and Z15; the zone of sinking is an
expanding dome, which increases as the area of excavation extends.

Fig. 201.

(The index figure on each curve is the number of the last pillar taken
away.) The sinking of each bed takes the form of a basin, but
diminishes regularly in proportion as it is higher above the excavation.
The greatest deflection of the sunken beds are indicated by the lines
A7, A9 &c., which nearly coincide with the axis of the domes, The:
shaded portions denote cracks and fissures.
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The depth of the excavation was doubled by
the removal of the second row of pillars in the
order indicated by the numbers on Fig. 197,
the subsidence produced being shown by lines
80 —0-0-0, The line of maximum deflection
did not remain vertical, and some of the domes
were inclined. The amount of subsidence was
greater in the lower beds, but not at the surface,
while the limit of the movement did not extend
go far as when the first row of pillars were with-
drawn, the boundary of the latter being indicated
by a plain dotted line.

The removal of the third row of pillars (Fig.
198) did not produce either so much movement
vertically or laterally as was occasioned by the
first or second set, but the number and extent of
the cracks and fissures were considerably in-
creased. In this figure, the subsidence caused
by the removal of the pillars is shown thus:—
the third row, — x - x - x; the second row,
0—-0-0-0; the first row, — — - — - . In
similar experiments, however, the settlements
produced by removing the second and third rows
of pillars were greater than those occasioned by
the removal of the first.

Similar experiments conducted on inclined
beds are illustrated in Figs. 199 and 200, showing
the amount and extent of the subsidence caused
by removing two rows of pillars in the order
indicated by the numerals. The line of greatest
deflection was always between the vertical and
the normal to the strata, and it departed further
from the normal in proportion as the beds became
more inclined. This conclusion agrees with the
one expressed by the Liége Colliery Owners pre-
viously referred to.

As the domes extend outwards over the area
excavated, a pillar of coal left for surface support
must be made large enough to prevent any chance
of the two overlapping domes touching each other
or subsidence will take place at the surface
above the pillar.

If the beds are horizontal, the dome is ar-
ranged symmetrically round its axis, which is
vertical. Each of the beds included in the dome
sinks in the form of a basin, and the extent of
the movement diminishes in proportion as it is
further from the centre of the excavation. If the
beds are inclined the dome is no longer sym-
metrical, and its axis is inclined.

The theory of the dome reconciles many of
the contradictory opinions which have been ex-
pressed on subsidence, and explains how obser-
vations which seem to be diverse from each other
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are not really so. The position of the subsidence varies according to
the depth of the excavation below the surface. For instance, in Fig.
201, the working of the area a b will produce a movement in the over-
lying strata limited by the dome abedg. When the surface level is
at s there is no appearance of subsidence, but if s! represented the
level of the surface, there would be a small subsidence, limited on the
right-hand side by the normal b ¢ drawn from the highest part of the
excavation. On the other hand, if the surface level be at s2, not only
will subsidence take place along a certain area over the workings, but
the limit of the movement on the left-hand side will be at d, a point
vertically above the edge of the excavation at a. At surface level, &3,
the boundary of the subsidence will be at e vertically above b on the
one side, and somewhere between the vertical and the normal on the
other side. If the surface level existed at s*, subsidence will be
found on the left-hand side above the line a f, which is normal to the
inclination of the seam, and at -an angle larger than go° on the right-
hand side of the workings. Finally, if the depth from the surface to the
workings be represented by the line 85, subsidence takes place on the
left-hand side along the line a g, which makes an angle of 45° outside
the normal. Figs. 202 to 207 have been prepared, in order to enable the
student to clearly understand this reasoning. They are reductions
from Fig. zo1, with each successive layer of strata removed. The
position and effect of the movements at the surface are thus clearly
dependent on the depth of the workings, provided the strata are
conformable, and not interfered with by faults.

The amount of subsidence is dependent on the nature of the over-
lying rocks, the depth of the excavation below the surface, the
thickness of the seam, and the nature of the material used for packing
or stowing. The compressibility of different materials varies, and
subsidence will naturally be less in extent and more gradual over
portions carefully packed with hard compact sandstone than where
the stowing consists of soft shales. In order to determine the amount
of compression, which rocks previously broken will undergo under
various pressures, Mr. Fayol made a number of experiments which are
summarised in the following table *:—

Rocks previously crushed or broken, volume

Volume
before remaining under pressures of
being
broken. 1423 lbs. 2844 1bs. 7100 1bs. 14,220 1bs.
per 8q. inch. | per aq. inch. | per sq. inch. | per sq. inch.
Clay, . . . 100 100 90 75 70
Shale, . . . 100 128 116 110 97
Sandstone, . . 100 136 125 120 105
y e . . 100 130 125 118 109

These pressures correspond approximately to depths of 546, 1092,
2730, snd 5460 yards. It is difficult, however, to give any rule as to
the amount of shrinkage which will take place in the ordinary stowing
of a mine, because of the irregularity of the excavations, and of the

* Loc. cit., 816,
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fact that a large proportion of empty spaces remain unfilled in spite of
the greatest care. At Commentry, above goaves without stowing at
depths less than 328 feet, and in seams from 3} feet to 8} feet in
thickness, subsidences varying from o to 80 per cent. of the height of
the excavation have been observed; above goaves with stowing at
depths included between 165 and 8zo feet, subsidences have varied
from o to 50 per cent. of the height of the excavation ; at some points
above the main seam, where from 65 to 82 feet of coal was removed,
the ground sank 33 feet. Mr. 8. R. Kay * mentions a subsidence of
70 per cent. over a 5-feet seam at a depth of 360 feet, and of 64 per
cent. over a 3}-feet geam at a depth of ggo feet, which are larger than
expected, although experiments at Bent Colliery 1 on a 5-feet seam
worked on the bord and pillar system without stowing, proved a
maximum subsidence of 73 per cent.

At Montrambert and La Béraudiére a shrinkage of only 3o per
cent. took place, but this low result is possibly due to the peculiar
method of working. At Bully Grenay, after six seams of a total
average thickness of 29°36 feet had been worked with stowing, the
total subsidence was 1361 feet, equal to 46 per cent. In South
Staffordshire, thick seams at comparatively shallow depths are worked
beneath canals and railways, without any especial precaution, except
in so far that the embankments of the canals are raised and repuddled,
and the bottom filled in as subsidence takes place. In such a manner
30 feet of coal has been taken out at a depth of only 432 feet, the
subsidence produced being 13} feet, equal to 44'4 per cent. All the
time workings were taking place water remained in the canal, and
traffic was not interfered with except on two occasions, when sub-
sidence took place so rapidly that the staff of workmen employed
could not raise the puddle quickly enough to keep pace with the
movement, and the water had to be temporarily run off to enable
them to do so.

The varying results above-mentioned may possibly be due to the
fact that observations have been made at ditferent points over the °
excavation. In every observed result, subsidence has always been
greater at the centre than at the sides of the workings. When
the seams are inclined, shaft pillars require to be larger on the rise
side than on the dip. Mr. Longden} recommends for level seams,
the leaving of 1 yard in breadth for each yard in depth—that is, a
shaft 200 yards deep should have a pillar 100 yards radius or 200
yards diameter. This is an excessive amount, but the error is on the
safe side.

Mr. Joseph Dickinson § considers that the direction of subsidence
may be judged of from the slopes taken by faults and mineral veins
and by analogy. The slope of a fault in horizontal strata averages
about 1 in 3'07 from the perpendicular, varying according to the hard-
ness and cohesion of the strata from about 1 in 5 in hard rock to 1
in 375 in medium, and 1 in 2'5 in soft. He considers that for hori-
zonta