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vi THE PRINCIPLES OF ROCK BLASTING.

It is a remarkable fact that the theories of rock

blasting which have been generally adopted, do not

take into account the influence of the form of the

chamber employed, seeing that the initial force of

the blast, and the resistance of the rock will largely

depend thereon for any direction of the line of

resistance.

The methods by which the rules and formulae

were deduced are fully explained, and examples of all

the more important calculations are given to assist

the engineer to deal with any question that may

arise in practice, especial attention being directed to

how the greatest economy may be attained in the

boring of holes and consumption of explosive.

The subject may be appropriately divided into

two parts, viz. (i) the principles and their general

application, and (2) appliances for drilling the shot-

holes, and methods of blasting in mines, quarries,

tunnels and subaqueous operations. We have there-

fore treated it under these headings, this volume

comprising the first part, whereas the second part

will be published in a second volume which is in

preparation.

Valuable practical information is given on the
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most useful and economical explosives, and on de-

tonators, electric fuses and electric exploders, for

which we have much pleasure in acknowledging

our obligations to Messrs. NOBEL'S EXPLOSIVES Co.,

LIMITED
;

Messrs. THE COTTON POWDER Co. ;

Messrs. CURTIS AND HARVEY
;
and Messrs. SIEMENS

BROS. AND Co., LIMITED. We are also greatly in-

debted to Messrs. BICKFORD, SMITH AND Co. for

information respecting their fuses.

The information on electric blasting agrees with

the results obtained in our experience, and will, we

believe, be found very useful.

A number of Tables are added to facilitate the

calculations.

The present volume, though only the first in-

stalment of the work, is complete in itself, and we

believe it will be found to give the essential infor-

mation for carrying out economical and systematic

blasting operations. To render it more useful an

Index is added which has been carefully prepared.

It will be a source of great pleasure and satis-

faction to us if we have accomplished the purposes

for which this work was undertaken, namely, to

give the Engineer, Miner and Quarryman a correct
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theory of rock blasting as well as a useful counsellor

in questions of application ;
to the teacher of the

science a serviceable text-book for instruction
;
and

to the student of mining and quarrying a welcome

aid in the study of blasting.

ALBERT W. DAW.

ZACHARIAS W. DAW.
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Errata.

Page 8, end of line 16, for "points" read "
point."

,, 22, line 14, for
"

\\ sin b" read "15, sin b"

58, last line, for "EFGH x 2m + 6d+^k" read "EFGH =
zm + 6</ + 4/&."

59, line 14, for "NS = N (2qd+2qk = 2gm 2 qk" read

"NS = N

64, line 6, for "V = W 3 + ^W read "V = W 3 + ^WV
85, line 20, for

" A = C, S W " omit comma and read "A =C S W."

loo, first line, for "axes" read "axis."

165, lines 15 and 16, omit "And fuses in position."

182, line 17, for "By filling the shotholes in (c) with water" read

"By filling the .shotholes in (b) with water."

202, line 17, omit comma between words "ammonia, class."

2I 5> I 9i for "whole" read "hole."
j^

223, ,, 20, omit the word "chamber."

223, 26, for "C" read "C."
224, 10, for "C" read "C,." . r
224, fourth line from bottom,/^ "moreover that the charging coef-

ficient will" read "moreover that the charging coefficient for Q
the volume of rock blasted will."

225, second line from bottom, for
" M = T - D " read "M= D - T." d

228, last line, for "6 feet apart" read "6 inches apart."

229, line 13, for "I'oo feet" read "I'oo foot."

229, ,, 14, for "6 feet apart" read "6 inches apart." Q
229, third line from bottom, for "or 2O'9 less boring" read "20*9%

less boring." I-

230, line 5, for "chamber" read "rock."

232 > M 9> omit the word "chamber"
233 lo

>
omit the word "chamber."

235> 7t for "or as this may be put" read "or as <?W may be

put." y

246, under coefficients C, for "24" read "
'024."
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PRINCIPLES OF ROCK BLASTING
AND

THEIR GENERAL APPLICATION.

CHAPTER I.

PRELIMINARY REMARKS.

1. Rock Blasting is the science of splitting or

loosening rock by means of explosives applied in

holes or chambers in the rock.

2. Failure of previous Rules for Rock Blasting.

Many books have been written on the science for the

guidance of the practical man, but it may be said

that they all fail to give the most essential informa-

tion for the determination of the size and position

of the chambers and weight of charge. With re-

gard thereto, Mr. George F. Harris, F.G.S., in his

work on * Granite and our Granite Industries/ says :

" In reading works on the subject one frequently

sees a great deal about rules for determining the

quantity of powder to be used in blasting, direction

of the holes, &c., which theoretically are all very
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well
;
but the most of them in practice will not work.

They nearly all assume that the rock to be blasted

is a firm solid body without any cracks, &c., whilst

the peculiar conditions in which holes would have

to be bored to follow out the rules would waste too

much time, and cost too much money to be of real

advantage. As a matter of fact, before a hole is

bored for the blast, a good quarrymaster looks at

the block to be removed, and endeavours to find all

cracks and joints. He then sees whether the mass

has to be blown up the bed or against it, and

observes the manner in which it may be wedged in

by other blocks. After mature consideration he

instructs the men under him to bore the hole, and

estimates the quantity of powder to be used, not by
the depth of the hole, but by judging the amount of

force required to move the block. Experience has

taught him how to do this."

Now, the quarryman's experience is the ascer-

tained result of series of trials and experiments ;
that

is to say, he knows approximately the best position

and size of hole, and the quantity of explosive

required for a given blast, from the results of simi-

lar shots, without, perhaps, much knowledge of

the fundamental principles governing the different

conditions which obtain in blasting, but which, if

understood by him, should enable him to attain still

greater economy in his work.

Such, then, being the result of experience, it
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becomes most important to study the principles

involved more carefully in order to ascertain wherein

the cause of the erroneous results consists. In the

present work, therefore, rules or formulae are worked

out on well-known mechanical principles so as to be

applicable to all the varied conditions of the rock

arid charge, and by means of which any question as

to the size and position of chamber and quantity of

charge to be employed may be answered
;
whilst the

causes of the failure of the rules given in works on

the subject are amply demonstrated. A great deal

of useful information is also given regarding explo-

sives and fuses, and the operations of rock blasting.

3. The Operations of Rock Blasting consist (i)

in boring, mining or excavating suitable holes or

chambers in the reck to be blasted
; (2) in insert-

ing a charge of some explosive compound therein
;

(3) in filling up the whole or part of the remaining

portion of the hole with suitable material
; (4) in

igniting or detonating the charge to cause its ex-

plosion. The second operation is called charging,

the third tamping, and the fourth firing.

4. Effect of a Blast. By the explosion of the

charge there is a sudden development of gas of

high tension, which exerts a great pressure or shock

upon the walls of the chamber, and if such pressure
or shock is greater than the resistance of the rock

to rupture, the rock is loosened or projected accord-

ing to the strength of the charge.

B 2
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5. Conditions that influence a Blast. From ex-

perience and theoretical considerations we learn that

the effect of a blast may be influenced by

(a) The shape in which the rock is presented, or

the size and number of free faces.

(b) The tenacity or cohesive strength of the rock.

(c) The structure of the rock as to whether it is

laminated, stratified orfissured, and the posi-

tion, direction and number of the joints.

(d) The strength and nature of the explosive

compound.

(e) The size and form of the chamber.

(f) The character of the fuse, and tamping*

(g) The thermal conductivity of the rock.

(k) Whether the blast is to act alone or simul-

taneously with or following others.

(t) The angle of the line of resistance with the

horizon.

(f) The specific gravity of the rock.

6. Form of Cavity produced in Homogeneous
Rock. In Fig. i, the crater a b c represents the

general form of cavity produced by the action of a

blast at a point b in homogeneous rock when there is

only one free face a c
y
the angle a b c varying gene-

rally between the limits 90- 120, according to the

structure of the rock and strength of charge em-

ployed. The form of the cavity, as will be explained

further on, depends on the form of the chamber, or
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the projection of its pressure surface at right angles to

the line of resistance. For instance, if this is circular

the crater formed by the blast will be the frustum

of a cone
;
and if a square, the frustum of a pyramid

that is, if not modified by any irregularities (joints

or fissures) in the structure of the rock, or there

being more than one free face. A free face is the

exposed surface of any one side of a mass of rock.

7. Qiiarrying of Rock. Experience shows that

rock is most economically and conveniently mined

4

FIG. i.

or quarried in steps or benches with straight and

vertical walls, and that the height of such steps de-

pends on the depth and diameter adopted for the

boreholes.

8. Formula for Determination of Charge. Ac-

cording to works on rock blasting, the calculation of

the charge required at b, Fig. i, for a line of resist-

ance W should be made according to the following

formula :

L = C W 3
,
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in which L represents the weight of charge, W the

shortest distance from the charge to the free face,

and C the charging coefficient. A necessary condi-

tion, however, for the application of this formula is

that the chamber be properly proportioned to the

resistance of the rock.

9. Previous Theories of Rock Blasting. As the

basis for the above formula, the following theories

are given by Andr6e and Guttmann :

(a)
" As homogeneous matter varies as the cube

of any similar line between them, charges

of explosive capable of producing the same

effects are to each other as the cubes of

the line of least resistance." Andre'e.

(b)
" When a charge is concentrated at a mathe-

matical point in the centre of an unlimited

and easily compressible mass its conversion

into gas by firing will enlarge the space

originally occupied by the explosive into a

spherical cavity, and hence it follows that

the quantity of a concentrated charge has

a direct ratio to the sphere affected by the

explosion ;
or as spheres vary as the third

power of their ratio, and the line of least

resistance in rock may be taken as pro-

portional to the radius of explosion, it

therefore follows that the charge, under

like conditions, will vary as the third power
of the line of least resistance.
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" Extended charges may be considered as an

interrupted series of concentrated charges

each of which will have its own sphere of

action, and as these spheres intersect and

reinforce one another the cavity produced

by their continued action will be ellip-

soidal, the mutual reinforcement being

greatest at the centre of the charge."

Oscar Guttmann.

10. Objections to the above Theories. With re-

gard to these theories, there appear at once the fol-

lowing three serious objections to them : First, they
do not take into account the cohesive strength or

principal resistance of most rocks
; secondly, they

entirely neglect the influence of the size and form

of the chamber on which the initial force of the

explosive and the resistance of the rock to rupture

depend ;
and thirdly, they ignore the fact that the

resistance due to the mass is affected by the direction

of rupture ;
for if from above downward the weight

of the mass will be a force assisting rupture, and

the reverse if from below upwards, or when directly

opposed to gravity. Excepting, therefore, as stating

a single relation of the charge to the resistance,

which is true under special conditions, these theories

may be said to be totally misleading.
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CHAPTER II.

ON THE RESISTANCES IN ROCK BLASTING.

1 1 . There are the following three distinct resist-

ances to a blast :

(a) A resistance due to the cohesion of the rock.

(b) A resistance due to the mass or weight of the

rock.

(c) A resistance due to the hanging of the rock

loosened by the blast along the lines of

fracture.

1 2. Influence of Mode of Application of Force.

The force required to produce rupture of a given

section of rock, as, for instance, the section a b c

(Fig. i),
will depend on the mode of application of

the force, as, according to the laws of mechanics,

rupture will take place by shearing when the points

of application of the force coincide with the surface

of separation, and, on the contrary, by flexure when

the arm of the force is of sufficient length to allow of

a bending of the mass, and the force is not very

suddenly applied.

13. Force ofan Explosion in a Chamber conducive

to Rupture by Shearing. If we suppose Figs. 2 and

3 to represent the section of a mass of rock with a
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free face A B, and to contain a short cylindrical

chamber C D, having a charge filling the chamber,

and such charge to be exploded, the gases thereby

FIG. 2.

A'v> -

\ f 'T :-- t ;'^W^^;^^-:irill

generated will develop a number of equal forces P

acting on each unit of the surface of the chamber,

and each on the side of the free face A B, tending to

rupture the rock in the direction of the free face



io THE PRINCIPLES OF ROCK BLASTING

A B, whereas the pressure of the gases on the other

sides are neutralised by the resistance of the rock.

The centre of pressure of these forces is the circular

line a b c (Fig. 3), whose radius is two-thirds of the

radius of the chamber C D, one-third of which may
be taken as the arm of the force

;
as experience shows

that the line of fracture produced by a blast in homo-

geneous and compact rock, when there is only one

free face, invariably commences at the limit of the

surface on which the gaseous pressure is exerted.

The arm of the total force acting on the centre of

pressure is, therefore, very short for rupture by

flexure, and as it is still shorter for any other form

of chamber offering the same pressure area to the

gases, the conditions are evidently more favourable

for rupture by shearing than by flexure, the shearing

action of the force being also promoted by its sudden

application and the inelastic nature of rock.

14. Force required to produce Rupture by Shear-

ing. According to the laws of mechanics, if rupture

takes place by shearing and S denotes the periphery

of the chamber, W the line of resistance, and K T

the modulus of shearing, we can put for the force P

required to produce rupture

15. Experiments on Resistance of Ice to Rup-
ture. The formula P = S W K x might be verified

by bursting specimens of homogeneous rock by
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mechanical means
;
but as we may assume that the

laws governing the resistance of one inelastic body
are the same as for another, it is advantageous to

substitute ice for this purpose, as it is homogene-
ous and easily worked into any desired form. In

accordance with this view, we have experimented
with ice with the mean results tabulated below.

Blocks varying from 4 to 8 inches thick were taken

for the experiments, which were carried out with the

apparatus illustrated in Fig. 4.

In Fig. 4, A B C is a steel lever of the second

kind, pivoted at C to the bracket K, and having a

scale G, a steel bar F working in the guide H for

transmitting pressure to the block of ice R, this

arrangement being adopted to ensure a perpendicu-

lar pressure being kept on the block at L
;
M N the

free face, and W the thickness of ice ruptured.
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The size of the bar at L, thickness of ice ruptured,

and size and form of the free face were varied as

given in the table. The weight due to the lever

was determined by weighing and calculation.

In the experiments very homogeneous ice with-

out any apparent flaws was used, and every care was

taken to insure the proper working of the testing

apparatus, and that the means of measuring the

force exerted in producing rupture was correct.

During the experiments the temperature varied

between 4- 2 and -
5 Celsius, which may have af-

fected the relative accuracy of the results slightly,

but we think to a much smaller extent than any
difference in the structure of the ice itself.

The very satisfactory agreement between the

results obtained for the modulus of rupture K 1}

found by dividing the pressure required to produce

rupture by the product of the thickness of ice rup-

tured and periphery of the pressure surface, estab-

lishes, we think, beyond question the theory that

rupture takes place by shearing, as the slight dis-

crepancies in the results may be taken as due to

irregularities in the structure and cohesive strength
of the ice used for the experiments, and inaccu-

racies due to faulty arrangement, friction, &c., of the

apparatus. Further experiments are necessary to

ascertain the influence of the angle of fracture,

which seems to affect the resistance to rupture

slightly. In rock, the angle of fracture is affected
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'S
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by the greater facility with which it cleaves in one

direction than in another. The weight of the

ice ruptured is evidently very small, and may be

neglected.

Calling the thicknesses of ice burst W, W 1}

W2 ,
W3 ,

. . . Wn ,
the bursting pressures P, P 1} P2 ,

P3 ,
... Pw ,

and the peripheries of the pressure

surfaces, S, S 1; S 2 ,
S 3 ,

. . . Sn ,
we have, according

to the above table, very nearly

P _Pi_ P2 _P3 Pn _~

which agrees with the formula for shearing.

1 6. Similarity between Cavities produced by

Sudden and Gradual Application of Force. An

important point to note in connection with these

experiments is that the form of cavity produced by
the application of gradual pressure is similar to that

obtained by blasting in rock under similar conditions

of free face and pressure surface, it being influenced

in both cases by the form of the pressure surface at

right angles to the direction of rupture ;
for instance,

in homogeneous rock with one free face, a concen-

trated charge will produce a conical cavity, and an

extended one an elongated trough.

17. Force required to overcome the Cohesive

Resistance of Rock when there is one or more Free

Faces. In Figs. 5 and 6, plan and section, let M,

Mj, N 1} N, represent the surface acted upon by a
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blast in homogeneous rock
; then, if A B is a free face

parallel thereto, M, M ly N, N
L , E, E ly F, FD will be

FIG. 5.

the limits of the rock loosened, if the area of the

surface M, M lt N, N,, and the line of resistance W
are properly proportioned to the strength of the
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explosive. (It should be remarked that the corners at

E, EX, F, F!, will form a more or less irregular curve

instead of right angles, as shown in the plan.) If

we denote the periphery of the chamber M, M^
N, N\, by S, the forces producing rupture by P, and.

distance between the chamber and the free face

A B by W, it is evident from the foregoing that

the relations of these quantities will be expressed by
the formula P = SxWxK!. If there are two

free faces, as in the case of a lateral free face along

F, F 1} Fig. 5, perpendicular to the free face A B, as

shown by the dotted line C D in Fig, 6, the formula

P = S x W x K! will also obtain if we so regulate

the distance of the chamber M, M D N, N
1} from the

free face C D, that the force required to produce

rupture on the side C D is approximately equal to

the force required to produce rupture on each of the

sides E, E 1} E, F, and ED F!.

It may happen that such equilibrium of the

resistance of the rock on each side of the chamber

exists when the free face C D coincides with the

limit of fracture F, FD on the free face A B. The
influence of the free face C D in this case causes the

detachment of the section of rock N y D, with the

mass E M N F (Fig. 6). If there be free faces along

the other limiting lines of fracture E ED E F, or

E] F!, parallel to the line of least resistance, the rock

will be similarly fractured on each of these sides,

as explained for the case of a free side along the
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limiting line of fracture F F x . Therefore, for the

same chamber in a projecting mass of rock with five

free faces as represented in Figs. 7 and 8, if the line

of resistance W is proportioned as above described,

and the distances M y1}
N y2 ,

N ylt and N! y3 ,
are not

^?XrV
'JL' o>-^ rr_-

y,

f^&w^W^
^/^ v

/>i<4>.\ >?*<"/?>1 vCv //. Ti M
;

l

-1- , /-! -

p^S*^'A-Xfc^a?<P^p^ir^-
^c?v^;v^S

N f

*// ^ s
^T-v-P f^\\^ \ cY^x -

^ i^r*Afe^ ^/^ / v i
-

'."/A~ '^ V/^' ^- - / r J

^ii^ba^ <

^J? fi^ft-.^l (/

ttfl^M

FIG. 7.
FIG. 8.

greater than W, the mass will be ruptured along the

section yx y2 ,
instead of the lines E M N F.

Another case is that of a block of rock detached

on all sides as in the case of a freestone (Fig. 9), in

which the sides E E lf E x
FD F F! and E F cor-

respond to the limiting lines of fracture in the cases

before mentioned
;
hence the product of the line of

least resistance and the periphery of the chamber
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is also a measure of the resistance to rupture when

there are six free faces.

The formula Pr^SxWxKiis therefore appli-

cable to any number of free faces on the principle

that the position of the charging chamber should be

FIG. 9.

so adjusted that there is equilibrium of resistance on

all sides of the line of resistance to rupture.

1 8. The Resistances to Rupture and Shearing

may be equalised. It is important to note that,

owing to the inelastic nature of rock and the sudden

application of the force, equal tension is produced in

the rock, parallel to the line of resistance for any
section that may be blasted, and that the resistance

to rupture of the cross section y y2 (Fig. 7) may
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be equal to the resistance to shearing under certain

conditions which will be explained in the context.

Assuming the rock to be absolutely inelastic, it is

evident that we may put

R= FK
for the resistance of such cross section if F represent

the area of the same and K the modulus of rupture

of the rock
;
and that we shall have F K = S W K t

when R is equal to the resistance to shearing.

19. The Section of Rock which may be ruptured
is proportional to Periphery of Chamber for a given

Line of Resistance. For a given line of resistance

W, if the periphery of the chamber M N be S, the

force required to produce rupture by shearing is

P = SW K! ;

and if the periphery of projection of the chamber be

Su the force P! required to produce rupture is

consequently,
P S

_i _ *Ji

P
==
JT

But as the force P is capable of breaking a cross

section F = C S W, and therefore a force P x a cross

section F x
= C S t W, C being a coefficient,

P: F, S,

-p-- pr:= g-
C 2
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20. Economy of Low Explosives. Hence it is

clear that in homogeneous rock for any given line of

resistance, the section of rock which a blast of any

given strength will break is directly proportional to

the periphery of projection of the charging chamber

at right angles to the line of resistance. It is owing

to this condition that the low explosives are some-

times employed in rock having comparatively small

cohesive strength, or in the case of a mass of rock

bounded laterally by free faces or joints, with greater

economy than the high explosives. For instance, if

the projecting mass of rock (Figs. 7 and 8) has a

short line of resistance for the section
jj/i jj/2 ,

then

the proper charge of very strong explosive corre-

sponding to such line of resistance applied at the

centre of the mass would only break a conical cavity

in the centre of the same
;
whilst an equally powerful

charge of a weaker explosive, requiring a larger

chamber and having consequently a longer peri-

phery, would break down the whole mass.

2 1 . Resistance of the Mass after Ruptiire. After

the rock is ruptured by the explosion of a charge

applied in a suitable chamber therein, the gases

produced will expand and enter the cracks and

fissures formed in the rock, and the force of the

blast will depend on the new surfaces resisting the

free vent of the gases to the atmosphere, and

the quantity of gases developed, or the weight of

the charge. The resistance, on the contrary, will

depend on the volume and specific gravity of the
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rock to be moved, as also on the direction of move-

ment
; for, accordingly as the mass is moved from

above downwards or from below upwards, the

weight of the mass will be a force assisting or

resisting the action of the blast, as in the one case

the weight tends to assist, and in the other to resist

the blast, such resistance varying as the sine of the

angle of direction of movement with the horizon.

22. Resistance of the Mass or Weight of Rock

blasted at any Angle to the Horizon. In case the

direction of the blast is upwards, we have to con-

sider not only the resistance of cohesion but also

that of the mass or weight of rock to be blasted,

which is proportional to the product of its weight
and the sine of the angle of movement to the

horizon. The weight of the rock being G, and

the angle of movement above the horizon a, we

have
R = G sin a.

If the direction of the angle a is below the

horizon, the resistance R is turned into a force P,

tending to produce rupture, and P = G sin a.

Therefore, for a weight of rock G, and angles

a and b of direction of blast above the horizon, the

relation of the corresponding resistances R and Rj

(neglecting the resistance of cohesion) is

R : R! : : G sin a : G sin b.

R L sin b

R
"

sin a
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23. Resistance of the Friction and Hanging of
the Rock along the Line of Riipture. If there be

friction and hanging of the mass of rock after

rupture along the lines of fracture, and these resist-

ances be taken as proportional to the mass of rock

to be moved, and represented by a coefficient B, we
have

R : R! : : G (B + sin a) : G (B + sin 6),

whence

_RI G (B + sin 6) B + sin b

"R"
=

G (B + sin a)

"
B + sin a

'

For instance, if 50 per cent, more explosive were

required for a vertical than for a horizontal blast (the

quantity will depend on the effect to be produced),
TD

we shall have w = ij sin b i and sin a = o, and

consequently

^
= i J, whence B = 2.

Substituting this value of B in the above formula

we get

R! 2 4- sin b

R "
2 + sin a

If, then, we make R = the resistance for a hori-

zontal blast sin a = o, and

R! 2 + sin b sin b

"R
-~ ~

2
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Calling the charges which will overcome the

resistances R and R 1? L and L 1? we have

L! sin b

T7
:

~T~
or

sin b

If only 25 per cent, more explosive were required

to give the desired effect we should have

sin b\
j

~4~ /

And in general, when -th more explosive is

required for a vertical than a horizontal blast,

or, as L = CvW3

(Chapter III.), we have in general

Ll = ( i + **\ C. W.
\ n J

24. Combined Resistance of the Weight and

Cohesion of Rock. When the resistance of the

weight of the rock as well as the cohesive resistance

of the same has to be considered in calculating the

size and form of the chamber which, when filled

with explosive, will overcome the total resistance to

rupture, this is expressed by

R = (S x W x KO + G sin a,
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S being the periphery of the chamber, W the line of

resistance, K x the modulus of shearing of the rock,

G the weight of the mass fractured, and a the angle

of direction of the blast to the horizon.

Consequently, for any other values of these

quantities we can put

R x
=

(Si x \V\ x K x) + d sin a,.

But the resistances R and R! are proportional to

the areas of projections of the chambers at right

angles to the line of resistance, and therefore

/e \K7 \

R, A, (
S * x WJ +

(S x W)

25. 7)fo Resistance of Cohesion ofRock to Rupture

for any one Explosive varies as the Square of the Line

of Resistance. For a line of resistance W and peri-

phery S of blasting chamber, the resistance R to a

blast is

R = S x W x Kj,

and for any other line of resistance WD

R, = S x x W x x K D

K! being the modulus of shearing of the rock.

Since, for boreholes whose diameter is d, the

length of charge should be m = n d (n being a

coefficient of the diameter), S =
(2 n + 2) d\ and for
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boreholes whose diameter is dly Si = (2 n + 2) di,

we have

Si __ (zn + 2)^
S

"

2# + 2^'

Therefore, as = (see Chapter V.),

R^ W, x W x x K t /W,\
2

R
= = W x W x K!

==
\W )

'

that is, for the same explosive, the resistance of

cohesion of rock to rupture in blasting varies as the

square of the line of resistance.
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CHAPTER III.

FORCE DEVELOPED BY A BLAST.

26. Conditions affecting the Force of an Explo-
sion. In rock blasting, the forces P, P x ,

P2 ,
P3 , &c.,

p p p
in the formula 7 = ^^ = *==r ,

&c.
S x W Si x W, S2 x W2

= KU are obtained by the ignition or detonation of

explosive compounds in closed chambers formed in

the rock, whereby the explosive compound is con-

verted from its solid or liquid state into gases in an

inappreciably short space of time, this chemical con-

version liberating heat and the gases in consequence

highly expanding, and through such expansion

exerting a great pressure on the rock. The force

which is developed by blasting, therefore, depends
on the following conditions :

(a) The absolute quantity of the gases produced.

(6) The temperature of the gases.

(c) The expansion of the gases due to the tem-

perature resulting from the explosion.

(d) The time occupied in obtaining the maximum

expansion or pressure.

(e) The size and form of the chamber.



AND THEIR GENERAL APPLICATION. 27

(/) The thermal conductivity of the surround-

ing medium.

2 7. Of Different A ction of Explosives. Accord-

ing to their properties explosives may be divided

into two classes :

(a) Low, or slow and rending.

(b) High, or quick and shattering.

The former are those in which the transforma-

tion into gas is comparatively slow, the explosive

force being exerted by degrees as the gases are

developed. The gases from such explosives being

slowly evolved, the pressure upon the containing

body cannot be much greater in any part than that

which is exerted upon the part which yields. Gun-

powder is the best type of such explosives.

The latter, on the contrary, are those in which

the transformation of the explosive substance into

gas occurs practically instantaneously. The full

force of the enlarged volume is at once exerted in

all directions, and upon every part of the containing

body, because motion requires time
;
and as no time

is allowed for the less resistant part to yield by

moving away before the full pressure of the fluid is

developed, it follows that the whole force of the

explosion is exerted upon its surroundings. Nitro-

glycerine and guncotton are the most prominent

types of this class of explosives.

Between gunpowder and nitroglycerine as ex-



28 THE PRINCIPLES OF ROCK BLASTING

tremes the other explosives range according to their

strength, and their applicability to rock blasting will

depend on the nature of the rock, and also on

whether the rock is to be shattered or broken in

large blocks, and whether time is of very great im-

portance in carrying out the work, as for instance

in most railway tunnels.

28. Maximum Pressures Developed by Explo-

sives. The experiments of Sarrau, Vielle, Noble

and Abel give the following as the approximate

maximum pressures developed by mercury fulmi-

nate, nitroglycerine, guncotton and blasting-powder

at their maximum densities :

Mercury fulminate, 27,000 kg. per square centimetre.

Nitroglycerine, 12,000

Guncotton, 10,000

Blasting-powder, 6,000

29. The Useful Work of Explosives, which con-

sists partly in shattering the rock and partly in

displacing the shattered masses, does not approach

their theoretical on account of incomplete combus-

tion, the escape of gas through the holes and

fissures caused by the explosion at high pressure,

and the thermal conductivity of the surrounding

medium
; moreover, energy is absorbed by the

heating and cracking of the rock which is not

displaced. According to von Rziha's experiments

the useful effect is only 13*71 per cent., as given

in the following table :
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Explosive.
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(a) That the pressure exerted by a fluid upon
the different parts of the walls of the con-

taining chamber are proportional to the

areas of those parts.

(b) That the pressures exerted by a fluid in any
direction upon a surface is proportional to

the projection of the surface at right angles

to the given direction.

Since rock is invariably a very inelastic body,

whose limit of elasticity is reached when it has

undergone a very slight extension or change of

form, it is evident that by the explosion of a charge

in a chamber in the rock there will be no appreci-

able enlargement of the chamber before rupture

takes place. Therefore, if M denotes the maximum

pressure or shock per unit of surface in a chamber

due to the explosion, and A and A x projections of

two chambers at right angles to the direction of

rupture, we can put for the absolute forces or pres-

sures P and P! acting in the direction of rupture,

P = MA, and P x
= MA 1}

whence
P, A,
P
"
A '

that is, the forces are directly proportional to the

area of the projections ; hence, for the use of the

same explosive compound, the projection of chambers

at right angles to their lines of resistance may be
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taken to represent the relative forces which will be

developed by the explosion of charges filling the

chambers.

32. Condition necessary for the Development of
the Maximum Pressure of an Explosive. By ex-

periments it has been proved that the maximum

pressure or effect which any explosive substance

can develop is that when detonating in a space

entirely filled, viz. in a space equal to its own

volume. Hence, to obtain the greatest disruptive

effect the charge should entirely fill the chamber.

33. Influence of the Form of Chamber and the

Thermal Conductivity of the Rock on the Charge.

When the blast has only the resistance of cohesion

to overcome, as when the direction of rupture is

downwards and there is no friction or hanging of

the ruptured rock along the lines of fracture, the

quantity of charge required will depend largely on

the form of the chamber in which it is applied.

For instance, a chamber whose cubical contents are

12 x 12 x i will give as great pressure area to a

charge, and overcome as great resistance in one

direction, as another whose cubical contents are

12 x 12 x 2, but the latter will take double the

charge of the former to give the same rupturing

effect. In the case given, it would therefore appear
to be conducive to economy in the use of explosives

to use a flattened form of chamber, or to attenuate

the charge as much as possible. There is, however,



32 THE PRINCIPLES OF ROCK BLASTING

a limit to this, irrespective of the difficulty of boring
such chambers, as a disproportionately large area of

walls of the chamber to the quantity of explosive in

the charge would cause a great loss of the force of

the blast, owing to the thermal conductivity of the

rock, which is proportional to the area of the walls

of the chamber. Therefore the minimum width of

the chamber should not be less than three-quarters

of an inch if it be desired to obtain nearly the full

effective pressure of the blast.
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CHAPTER IV.

WEIGHT OF CHARGE REQUIRED TO EJECT ROCK

AFTER RUPTURE.

34. Ratio ofCharge to Mass ofRock to be Moved.

For any explosive compound of uniform strength,

theory (see next article) and experience show that

when a charge L will remove a mass M, under

like conditions a charge 2 L will move a mass

2 M, and a charge n L a mass n M, the masses

being of the same specific gravity. If, therefore,

for a given direction of movement the charges

required for the volumes V and V\ of a given kind

of rock are L and Lx we have the following rela-

tion of these quantities :

L : L, : : V : V lf

and consequently,

Li_y,
L

"

V'

35. Ratio of Charge to Line of Resistance for
similar Masses of Rock. The volumes V and Vl5 as

they are similar in form, are proportional to the

cube of any similar line within them, and, there-

D
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fore, if W and W x are the lines of resistance cor-

responding to the volumes V and V l we have

V,
V

and substituting this value of ~ in the formula

T 1= T7 we get

The above formula agrees with that usually

given in most works on rock blasting for estimating

charges if we put the coefficient Cv for ^p as we

then obtain , ~ W3

36. Theory of the Action and Force of a Blast

after Rupture has taken place. The pressures, or

tensions, and volumes of gas produced by the ex-

plosion of a charge in a chamber on the fractured

mass abc (Figs. 10 and n) by the force due to

such pressures may be expressed by the law of

Mariotte (or Boyle).

According to this law the density of one and the

same quantity of gas is proportional to its tension,

or pressure ; or, since the space occupied by one

and the same mass is inversely proportional to the

density of the gas, the volumes of one and the

same quantity of gas are inversely proportional to

their tensions, or pressures.
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Assuming, then, that the explosion of one unit

of weight of any explosive having a constant che-

mical composition (when exploded under like con-

ditions and neglecting the thermal conductivity of

the chamber) to give a constant volume of gas at

FIG. 10.

FIG. ii.

a certain tension, two such units to give two such

volumes, three such units three such volumes, &c.,

it is evident, according to the above-mentioned law,

that the quantity or volume of gas, or gases, pro-

duced by the explosion of a charge is directly

proportional to the space occupied by the gas,

D 2
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whereas the pressure on each unit of the walls of

the containing chamber is in the inverse ratio of the

volume of gas filling the chamber.

The space V = a b c c b ar (Fig. 1 1),
formed

by the movement of the fractured mass of rock

a b c in the direction of the line of resistance, is

equal to the product of the surface a c = F of the

mass of rock a b c and the distance d = a a^ = c cl

of such movement, and is as follows :

For a line of resistance W, 6 being a coefficient,

V = ^F = 0W X 0W X d = O
2

. d . W2
.

For a line of resistance W1
= 2 W,

For a line of resistance W
tt
= n W,

Vn = </Fn
= nOW X new X </= n*02

. d . W2
.

Consequently,

V, = F. _ n* X 0* X d X W2

_ 2

V F
=

<9
2 X d X W2

Or the space V and the surface F increase as the

square of the line of resistance W, for the same

movement d of the fractured mass a b c.

According to the statics of fluids the pressure

exerted by a fluid in any direction is proportional

to the projection of the surface at right angles to

the given direction
;
hence the pressure exerted by

the gas in the chamber in the direction of the line

of resistance W is proportional to the surface

a c = F, or the square of the line of resistance.
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Since the volume of gas produced by a blast

under the given conditions is proportional to the

square of the line of resistance, its pressure is in-

versely as the square thereof, and for one and the

same quantity of charge, supposing the pressure to

be unity for a line of resistance = i, we shall have

the following relative pressures per unit of surface

for any other lines of resistance.

Line of resistance. Pressure of gas.

i .. .. .. i

But the total pressure of the blast in the direc-

tion of the line of resistance is the product of the

surface F and the pressure per unit of surface in

the chamber, which may be expressed relatively as

under :

Line of resistance.

1 . . .. .. = I

2 .. 2 X 2 X = I

3 3X3X^=1
4 . . 4 X 4 X TV = i

i

n .. n X n X 5-
= i

Consequently, the total pressure produced by the

explosion of one and the same quantity of charge

upon the mass of rock a b c at any distance from its
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bed may be taken as a constant quantity until the

gases escape to the atmosphere, when the force of

the blast is lost and the further projection of the

mass is due to the velocity it has attained. The

direction of movement of the ruptured mass of rock

under the direct pressure of the blast corresponds

with the line of resistance, and is indicated by the

arrow in Fig. 1 1.

Since the total pressure developed by a blast

upon a mass of rock at any point in its ejection

from its bed is a constant quantity for one and the

same quantity of charge, for a double quantity of

charge at any given distance of the rock from its

bed before the gases escape to the atmosphere the

total pressure will also be constant, but double that

for the single charge ;
and in like manner for a

treble charge it will be trebled, and generally the

force of the blast will be proportional to the quan-

tity of charge.

On the contrary, the resistance of a ruptured

mass of rock to a blast, when there is no friction

or hanging of the same on the sides, is directly

proportional to the product of its weight and the

sine of the angle of the direction of the blast to

the horizon. Therefore, calling the resistance R,

the weight of the rock G, and the angle of the

blast to the horizon a, we have

R = G sin a.
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But since we can put G = C W 3

R = C W3
sin a.

Therefore, for any other line of resistance Rx we
have

R! = C W^ sin a,

and consequently

R
for any given direction of blast.

For R and R 1} substituting the forces P and Plt

required to overcome these resistances, we have

But it has been demonstrated that the charges
must be directly proportional to these forces, and

denoting the charges which will develop the forces

P and P! by L and Lj

I* Li
P

: :

L
and

LI ..I .. A
L
"
VW/'

When, therefore, for a given direction of blast

L has been found to be the proper charge for a

line of resistance W, L x will be the proper charge
for a line of resistance W x , conditionally that these

charges are inserted in properly proportioned cham-

bers to enable the gaseous pressure developed by
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their explosion to overcome the cohesive resistance

and weight, or inertia, of the rock, and that the

masses of rock are similar in form.

37. Sectional Area of Chamber required at Right

Angles to the Line of Resistance. The ratio of the

resistances R and Ra to charges in chambers is

R S.xW. + ^p.
S x W +

G sin a

K,

It is evident that the force of a blast must be

made equal to the resistance of the rock, and that

we must make

"E
= :

P
1
'

P A
Therefore, as -^ = -, A and A! being the sec-

/\

tional areas of charging chambers, we have

S v W j, Gl s *n a*

A O x X VVj -f-

\l IS.!

A
S xW +^

The value of-^ ;
- may be found

Sx W + G
5?
ng

Kj

by trial blasts, and, therefore, if we put the coeffi-

cient Ca for this quantity we have, in general,

x
**!
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/"** /*"*
*

But as -
^r

- = o when the direction of blast
*M

is horizontal, and it is always a comparatively small

quantity, the sectional area of chamber may be cal-

culated from the formula

A = C. (S x W)
in most cases.

The dimensions of the chamber depend also

on the volume of charge required and the form

of chamber.

38. Chamber Coefficient. From the formula

A = C SW we have

= 0.

The value 9 may be called the chamber coeffi-

cient, as it depends solely on the form of chamber.

For any chamber whose section at right angles

to the line of resistance is circular, if the diameter

of the section is d, we have

A = 7854 d* and 8 = 3- 1416 d,

whence,

ff= '7854 d* ^d'

3-14160?
""

4
and

^=40.

For any square section of chamber whose side

is /,

A = /
2 and S = 4 /,
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hence

and

- = -
4/ 4

/= 40.

The coefficient for any other form of chamber

may be found in a similar manner.

r ) 111 i ? . /'\

FIG. 12.

By the explosion of a charge in rock the sides

of the chamber are corroded by the heat developed,

but such corrosion does not affect the chamber co-

efficient appreciably. Hence, if the diameter of a

borehole is too small to enable it to take sufficient
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explosive to overcome the resistance of the rock to

rupture the only effect of the blast will be to corrode

the walls of the hole in immediate contact with the

charge, so that the diameter of the hole will be

enlarged, as illustrated in Fig. 12. A chamber ab

is therefore produced, which may be further enlarged

by repeating the process, until it will take sufficient

explosive to rupture the rock. The best results are

obtained with the strongest explosive and the use

of only a little paper as tamping. If the hole is

inclined below the horizon the size of the chamber

may be ascertained by measuring the quantity of

water required to fill the same. This operation is

termed chambering, and if conducted by an expe-

rienced man will in some cases give good results.



44 THE PRINCIPLES OF ROCK BLASTING

CHAPTER V.

RELATIONS OF THE DIAMETERS OF BOREHOLES AND

SPHERICAL CHAMBERS TO LINES OF RESISTANCE.

39. Boreholes and Chambers parallel to Free

Face. For cylindrical and spherical chambers in

rock, with the aid of the above enunciated prin-

ciples, we can deduce very simple relations of the

diameters to the lines of resistance, when the direc-

tion of rupture is horizontal.

Let / and /x be the lengths, and d and d^ the

diameters of two cylindrical chambers or boreholes

in rock, which are placed at right angles to the

line of resistance or parallel to the free face
; then,

if A and A x are the areas of projection of the

chambers parallel to their axes,

A = Id and A! = /x d^

Therefore, - =

But, as before explained, ^=^, P and P x
J\ A

being the forces developed by the charges filling the

chambers before rupture takes place; and since

A. _ S t W.
A
"

S W
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^
Substituting for -~ the value given above, we get

J\

A 4 SiW,

, however, the lengths of the chambers are a

given multiple of the diameters,

A S x , di W T

7 =-q-
and consequently -^-

= ^.

Therefore, in blasting in the same kind of rock

when the cohesive resistance is not affected by

joints and fissures, the diameters of the boreholes

should be directly proportioned to the lines of

resistance.

In the case of spherical chambers, whose pro-

jections are A and A x ,
and diameters d and dlt we

have

A, f>
A

"
77 ,

5*
and

S.W.
" SW '

\ u/ / kj v v

o r r O
But -7T- = -v and substituting ~ for -pr

1

in the
b S

above equation, we get

W,
d
" W
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Consequently the same relations of the diameters

to the lines of resistance subsist for spherical as for

cylindrical chambers, viz. the diameters should be

proportional to the lines of resistance.

By experiments in rock with a number of bore-

holes, varying in diameter from to 2 J inches, we

have obtained results quite in accordance with the

above formula, thus proving its correctness and

establishing the principles on which it is based.

With gelatine dynamite in a very homogeneous
and strong granite our experiments gave the follow-

ing results :

No.
of

Expt.
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lines of resistance resulting for boreholes of ij, i^

and if inches diameter, supposing No. 3 dynamite
to be employed.
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diameter of borehole, a for the angle of the bore-

hole with the line of resistance r n, W and W1 for

the lines of resistance along r n and q n respectively,

Kj for the modulus of shearing, and Q for the maxi-

r~
, B

FIG. 13.

mum pressure or shock per unit of surface developed

by the explosion of the charge, viz.

P = m d Q sin a, and P l
= m d Q.

For the resistances R and R x to the forces P

and P! we may put

R = SW K x
= 2 (m sin a + d) W K : ,

and

R! = S xW l K, = 2 (m + d) W, K x .

The line of least resistance is determined by
whether the ratio of the force to the resistance is

greater along r n than q n.

From the above equations,

P md sin a Q
"R

""
2 W x (m sin a -f- d) \ K l
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and
P! _ md
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P P2

Then, if we make =- = ~
K. K2

m1 d^ sin b m d sin a

2 W] (mi sin b 4- d^
"

2 W (w sin a + d)

and

W! (w Wj. d^ sin # sin
) + (m^ d d sin K)W ~

(m m-td sin # sin
<5) + (w f d sin a)

or

W x (m m^ d^) + (mi d di cosec a)W (m ml d ) + (m d d cosec )

*

This formula gives the relation of the lengths of

charges, and diameters and angles of holes, for dif-

ferent lines of resistance W and W L in rock of the

same cohesive strength.

If m = n d and m = n d^

Wi n </! + di cosec a
_ m^ + d^ cosec a

W ~
n d + d cosec b

~
m + d cosec b

'

IfW = Wx and the hole equal to the resistance

W, whose diameter is d, is parallel to the free face,

then cosec a = i, and we have

nd1 + d1
= nd+d cosec b

(n + i) d = (n + cosec b) d
and

+ cosec= /

\ + I

\{ n 12

2 + cosec
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When cosec a i and n = 12

W, 13 4
W (12 + cosec

And if flf = d^

W. 13

W 1 2 -t- cosec

,, r , 4 12 + cosec b . ,

The formula ~ = - -
gives the ratio

of the diameters d and d of holes, parallel and

angled to a free face respectively, for the same line

of resistance, whereas for parallel and angled holes

of the same diameter ^n
1 =---

; rives theW 12 4- cosec b

ratio of the lines of resistance.

From the above it is evident that a borehole

will give the greatest efficiency when it is perpen-

dicular to the line of resistance, and the least effici-

ency when the line of resistance coincides with the

axis of borehole.

E 2
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CHAPTER VI.

ON THE MAXIMUM DISTANCE APART THAT SIMILAR

SHOTHOLES, WHEN IN LINE PARALLEL TO A FREE

FACE, WILL DISLODGE THE WHOLE OF THE ROCK

BETWEEN THEM WHEN FIRED SIMULTANEOUSLY, THE

LINE OF RESISTANCE FOR EACH HOLE BEING THE

SAME AS IF IT WERE TO BE FIRED INDEPENDENTLY,

AND THE LINE OF RESISTANCE FOR TWO OR MORE

SHOTHOLES SUPPORTING EACH OTHER.

41. Maximum Distance which Shotholes should

be PlacedApart in Strong and Homogeneous Rock.

If equal charges be placed in two boreholes h h

(Fig. 14) drilled parallel to the free face A B, so that

the lines of resistance are equal, and fired simul-

taneously, the effect under certain conditions is much

greater than if each were fired separately. For

strong and homogeneous rock, when the charges

have a length = 1 2 d, we get the following results.

(a) When the distance between the charges

h ^ is greater than twice the line of

resistance W, two independent craters of

rock, m h n and n k l o, will be dislodged.
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(b) When the distance h k between the charges

is equal to, or less than twice the line of

resistance W, the masses of rock mhn
and nh^o will be dislodged together with

the intervening mass n h h.

FIG. 14.

42. Influence of the Cohesive Strength of Rock.

The maximum distance that the holes can be placed

apart varies according to the cohesive strength of

the rock.

FIG. 15.

Suppose, for instance, the actual section of rock

which the shotholes hh^h^hz (Fig. 15) would rup-

ture if there were four lateral free faces, viz. A C
BD (Fig. 15), and the free faces BD and EF
shown in cross section (Fig. 16), when the line of

resistance is of such length that the resistance to
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shearing is exactly equal to the resistance to frac-

ture of the cross section h F by tension, assuming
the rock to be perfectly inelastic,

then, for the resistance to shear-

ing for N shotholes we may put

N (S x W x KO = N S W K lf

K! being the modulus of shear-

ing ;
and if the height of section

is equal to the distance between

FIG I6
the shotholes for the resistance of

the cross section to fracture by

tension, we shall have

N (*W x eW x K) = N*2W2 K

(K being the modulus of rupture by tension and eW
the distance between the shotholes) and therefore

N e*W 2 K = N S W K lt

, /S K,
whence, e = V ?r? x T7 >w j\.

K, W
and _ = _ f.

We have also (see Art. 37, p. 41)

A = SW Ca and A = S W. Cal ,

W, C.
w Q;

TT

Further, as the ratio of ^ = C is a constant for
K.

different rocks,

S S
"
2 = x c and ^ = x c>
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and consequently

W* = (~) andW V/ H,r ^al

In blasting rock we have obtained the following

results, viz. with charges in i inch diameter bore-

holes having a length of twelve times the diameter

of borehole :

For very strong rock,
, S 26

e = 2*38 and ^ = =2.

For strong rock,
S ? 6

e = 2
* oo and ^ = = i 44.

For moderately strong rock,

=i'50 and ^j=--=o"j6^.
Therefore

=2-77

Average value of -^
= 2 84.

TT

Assuming then -^ to have a constant value
IX

of 2-84, we can find the value of e from any
W

values of
-^-'

or vice versa. For instance, putting

e = i and S = 26 inches for weak rock, we have



56 THE PRINCIPLES OF ROCK BLASTING

W
r = 2 '84 and W = 73*84 inches for a i inch

20

diameter borehole.

It is, however, important to note that, in con-

sequence of the low cohesive strength of the rock,

the chief factor in determining the charge in this

case will be the force required to eject the rock

after rupture.

From the above we have the following rule :

For very strong rock, boreholes, having a length

of charge = 1 2 d, should be placed a distance 2 W
to 2'38W; for strong rock, a distance i^ W to

2W
;
for moderately strong rock, W to i ^ W ;

and

for weak rock, a distance W apart.

On the other hand, for the same rock it must be

noted, that the value of e depends on the length of

charge, as we have

e = V 2 84 ^ and el
= V 2 84 ^

Therefore

and *

Consequently,

A i -inch shothole gives e = i^ and S = 26 for

moderately strong rock when the length of charge

= 12 d.
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Hence, to obtain e 2 we must have

/ 2 \ 2

S =
( ) x 26 = 46*22 inches.

For S = 46*22 inches, the length of charge will

. 46*22 inches 2 ,

be = 22*ii inches.
2

Simultaneous firing may, therefore, for hard rock

A\

FIG. 17.

be productive of a greatly increased useful effect

compared with the firing of the same charges con-

secutively, there being a saving of about 20 per

cent, in the cost of blasting under certain conditions.

It is, moreover, a valuable means of concentrating

the forces of several charges to overcome a greater
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line of resistance than each is capable of when fired

simultaneously.

43. Line of Resistancefor the combined Shearing
Force ofany Number ofSimilar Shotholes, equidistant

from each other, in Line Parallel to a Free Face. In

the case of a long line of free face (Figs. 17 and 18),

a number of similar shotholes in line parallel thereto

and equidistant from each other, when placed a certain

distance k apart will overcome a

line of resistance Wn = q W, W
being the line of resistance corre-

sponding to a single charge, if the

charges be fired simultaneously.

The value of q may be found in

the following manner.

For one shothole,

A Aw = CS

FIG. 18.

m being length of charge and d
diameter of borehole, therefore

we have the following values for

S when all the shotholes are of the same diameter

and placed near each other in line parallel to the

free face,

For two shotholes h h (Fig. 1 8),

For three shotholes hh^h* (Fig. 18),

S = EFGH x 2m + 6d +
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And for N shotholes

S = 2 m + 2 N d + (2 N -
2) k.

Hence, for two shotholes,

W- 2A
'

Ca (2m + 4d + 2k)
1

For three shotholes,

W 3A
"

Ca (2m +

For four shotholes,

-
j~~\ /

Ca (2 m
For N shotholes,

w.= ,

NA
Ca (2 m + 2 N </ + (2 N 2) /)

A S
IfWw = ^W we have ^ ,,. = .

Consequently

N
=_

2m + 2 N flf + (2 N 2) k
~

S

NS = N(2^^+2^/^) = 2^^-

N = 7

N =

and

S (2qd -\- 2q

2 ~ k

NS_
) + ^(N -

i))'
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When q is less than unity, the combined shear-

ing force is not so great as the shearing force of

each shothole acting independently, in which case

the line of resistance will be limited by the latter.

44. Economy of Firing several similar Charges

close together in Line Parallel to a Free Face.

Great economy may be obtained in blasting very

hard rock which is without well defined joints, when

there is a sufficient length of free face, by the use of

a number N of similar shotholes placed close to

each other in line parallel to the free face, and firing

them simultaneously. Such economy is due to the

greater line of resistance that may be blasted by
their combined action than if each were fired singly,

as the quantity of rock blasted increases as the cube

of the line of resistance.

TU i r NS
1 he value of q . ^-^ 7^ T.

2 ((m + Nrf) + (N -
i) k)

(see Art. 43), for similar charges applied in bore-

holes of i inch diameter which are placed 3 inches

apart, in line parallel to a free face, length of charge

being 1 2 inches, is as follows :

[(a) For N = i q = i

(6) N = 2 q = iTV
(,)

N = 3 q = ^
(<t)

N = 4 q = 2^

That is, the line of resistance increases as q with

the number of charges.
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On the contrary, the coefficient Cv in the formula

L = QW3

decreases with the number of charges as the quan-

tity of rock blasted increases in a greater ratio.

And as we can put
L x

= Crl W,3

for the quantity of the charge in N shotholes, we
have

NQW3 = C^W,3

and consequently,

By substituting the value of N and q, given

above in this formula, we get

(6) C- =

W C"3 = = '46C

C& ,
as found for a single shothole i inch in dia-

meter, namely, for a quantity of rock W 3
, is, con-

sequently, reduced to '29 C,, for a quantity of rock

(2^ W)
3 = Wi3

,
blasted by the combined action of

four shotholes of the same diameter and containing

similar charges. The limiting value of C^ is that

required for the ejection of the rock.
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CHAPTER VII.

QUANTITY OF ROCK WHICH WILL BE LOOSENED

UNDER THE USUAL CONDITIONS OF BLASTING

OPERATIONS, WHEN THERE ARE NO WELL DE-

FINED JOINTS OR FISSURES.

45. The usual Method of Exavating Rock by

Blasting, when there are no well defined joints,

is in steps or benches with straight free faces at

right angles to each other, as represented in Figs.

19, 20, 21, and, except when the rock is cut up
into very large blocks by joints, in which case the

line of resistance is so regulated as to enable the

blasts to break right up to the joints, it invariably

gives the best results.

46. Form of Craters. Fig. 19 shows the crater

efgg^A e^ which will e formed by the blast of a

single shothole in a step of rock when there are

only two free faces A B x and A C
; Fig. 20, the

crater efC Q/i e
lt
which will be formed when there

are three free faces A B 15 A C and B Q ; Fig. 21,

the mass of rock bounded by the sides A B 15 A C,

A DD B d, D Q, and A! Q, which will be blasted

when there are four free faces A BD AC, AD!
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and BQ; and Fig. 22, the crater

which will be formed when there are only two free

faces as in Fig. 19, and several similar shotholes

are fired in line parallel to the free face A B!

simultaneously,

47. Angle of Lines of Rupture. If the rock is

a homogeneous mass, and there are only two free

FIG. 19.

faces as in Fig. 19, the angle of the main lines of

rupture efg or e^f^g^ may be considered, for all

practical purposes, to form a right angle or 90
with each other, or each to have an angle of 45
with the free face A x B x ,

and in the case of there

being other free faces as A D! and B Q (Fig. 21),

the main lines of rupture for each may also make
as great an angle as 90 if the face is of sufficient

extent.
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48. Volume V of Rock Dislodged when there are

Two Free Faces at Right Angles to each other.

In accordance with the above, a shothole having

two free faces will dislodge the volume of rock

V = -
2

FIG. 20.

49. Volume V of Rock Dislodged when there are

Three or Four Free Faces at Right Angles to each

other. If there are three free faces, the mass of

rock dislodged will have a volume efC C^ el B L B

(Fig. 20), and in case of four free faces the volume

ADCQD^B! (Fig. 22).

For three free faeces V = fW 3 + f mW 2
.

,
four V= 2 W 3 + ^W 2

.
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50. Volume V ofRock Dislodged by any Number

of Similar Shotholes in a Step ofRock. In the case

of several similar shotholes in line parallel to the

face of rock A Bj (Fig. 22), and the charges fired

simultaneously, the mass of rock loosened will have

a volume efghhigif^ el (Fig. 22).

j-pi-rr- S^s^ir^rjrr^c:
-*~rtUrjsiL-.-r zifcssL-r

V.-L-I-//J\^V>N-/.^"'/ -' -Vf

. 2f.

((
-

i)
- + -
2

Hence

V = {(*- i) + i} ^W 3 +

Therefore, if e = 2,

For two shotholes (fired simultaneously),

V = 3 W 3 + | m W 2
.

For three shotholes (fired simultaneously),

V = 5 W 3 + | w W 2
.

For four shotholes (fired simultaneously),

V = 7 W 3 + w W 2
.

F

W 2
.
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Consequently, in blasting with similar shotholes,

when there are no joints or fissures to be considered,

Sg2tf>^OTI M 1
; j

i,i

'

lio.l!

two holes fired simultaneously with two free faces

will dislodge the same volume of rock as two such
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holes fired singly each with three free faces
;
three

shotholes fired simultaneously with two free faces,

the same volume of rock as two such holes fired

singly each with three faces, and one other with

four free faces
;

and four shotholes fired simul-

taneously with two free fa'ces, the same volume of

rock as two such holes fired singly each with three

free faces, and two others fired singly each with

four free faces.

51. Volume of Rock blasted by a Concentrated

Charge. According to our observations, the ap-

proximate volumes of rock which will be blasted

in the case of a concentrated charge, and when the

free faces are of sufficient extent to allow of full

scope of action to the blast, are as follows :

For one free face . . . i^W3
.

two free faces at right angles] W3
to each other . . J

,, three ditto ditto 21W3
.

,, four ditto ditto 3 W3
.

five ditto ditto 4\V
3

.

six ditto ditto
) g w ,

or a cubical block of stone J

The relative economy under the different con-

ditions of free face and firing of the charges is

evidently proportional to the volumes of rock

blasted.

F 2
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52. Simultaneous and Consecutive Firing. It is

evident from the above that the simultaneous firing

of a number of shots will offer important advan-

tages. This is especially the case, as before ex-

plained, when a number of shotholes are properly

combined for the blasting of a long and straight

wall of rock as indicated in Fig. 22, or for "un-

keying
"
a single exposed surface of rock as by the

four central shots Nos. i to 4 (Fig. 34). Cases,

however, occur in which it is necessary to determine

the order of the explosions to obtain the best effect,

as for instance, for the enlarging shots numbered

5 to 24 (Fig. 34).
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CHAPTER VIII.

THE LENGTH OF CHARGES IN BOREHOLES FOR

RUPTURE BY SHEARING.

53. Charges for Shearing. The best or most

economical length for charges in boreholes may be

f^
deduced from the formula W = in the follow-

Ca b

ing manner :

As A = m d, and 8 = 2 (m 4- d),

- -"

2 Ca (m

Therefore, when

W= I
2 2 Ca

, ,jr 2 dm 2 d W = ~r
3 2 Ca

// \A7-3

= 4rf W =
-^~

5 2 ^a
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m =
5 d W = |

*

6 2 C

m= 6d W= - ~

= 8 rf W = -
9 2C

= gd W = 2- -
10 2C

= 10 rf W = 1
II 2 C.

= ud W = r

12 2C

13 2C a

On the contrary, for the coefficient Q, = -t_, L

being the weight of the charge, and W the line of

resistance, we have, if E m represents the weight of

charge L,

/ E ^

Therefore, when

m = d (U-J"L
/_!

^ \

va 2 eJ
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,n= id

m - , d C -
3

2

.= 8

., r E 6 d
, , (8 E C/)m = 6rf C.=

,6 ^ v .
= 9M V ^" ;

2

, n E 7 </ (8 E Ca
3

)= 7 Q = = I0|f ~
8

8
= II2 5(8EC/)

, ~m =iod C, ==

\TO 2 V

, (8 EC/)

Vll 2C
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m-ud C - Ellaf
. ,,4 (8 EC/)"*-"* C

"-/II </ X
3
~ ^TST'-vi-

, ^ E 12 </ , 7 (8 EC/)w =
1 2 rf C8

=
-^

j
= i s-j^

v

^
(13 2~Ca)

From the values ofW given above, it is evident

that if the length of the charge m be infinitely

increased beyond 12 d, W will only be increased

y
1

^, or beyond 8 d no more than J, and as Cv in-

creases as shown with the length of charge, as a

general rule, owing to the influence of the periphery

of the charging chamber on the blast as, explained

below, the limits of the length of charge should

vary between 8 d and 1 2 d according to the degree
of economy required in the consumption of ex-

plosive,

54. Influence of Form of Chamber on Shearing
Force of Charge. According to the formula

W = TT-Q
it appears that an elongated charge, as

in a borehole, is not a favourable form for obtain-

ing the least resistance to a blast for a given line

of resistance, for, as
-^- represents the influence of

the form of chamber on the shearing force of the

charge, the resistance will decrease as the sectional

area, or projection of the chamber at right angles
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to the direction of the blast, approaches a square,

and is a minimum when such projection is a circle.

This, however, only obtains in case there is only

one free face, for if there are lateral free faces it

is advantageous to have an elongated charge to

insure the whole mass of rock being carried away
to such free faces, as with a relatively high value

A
of -~- the blast would produce a conical cavity in

o

the centre of the mass and not carry away the

rock to the lateral free faces.

55. The Length of Charge in Boreholes should

be a Constant Multiple of the Diameter for Shear-

ing. When the lengths of charges used in boreholes

are made a constant multiple of their diameters, as,

for instance, n d, we can put for the weight of

charge L for a diameter of borehole d,

L = 7854 d* n d E = 7854 E n d\

E representing the weight of a cubic inch of explo-

sive, and for a diameter of borehole dl

L! = -7854 E*^8
.

Therefore,

n .
rf> W >

But as =

L, /WA
L
~
VW/'
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which evidently agrees with the formula

Hence, if we have found that a length of

charge nd in a borehole whose diameter is d, will

give the proper charge for the line of resistance

corresponding to this diameter of borehole and the

weight of rock to be ejected, then a length of

charge n dl will give the proper charge for the line

of resistance corresponding to any diameter of

borehole dl in the same rock.
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CHAPTER IX.

THE BEST POSITION FOR A CHAMBER OR CHARGE WHEN

THERE ARE TWO OR MORE FREE FACES AT RIGHT

ANGLES TO EACH OTHER.

56. Principle on which the Best Position for a

Chamber may be determined. To obtain the best

effect with a blast in rock there must be equilibrium

of resistance on all sides of the line of resistance to

the action of the charge ;
hence the position of the

chamber should be determined on this principle.

57. Rule for determining Distance of Chamber

from Free Faces. As before explained (Art. 42),

when two or more similar charges are situated a

distance ^W apart (e
= 2 for strong rock, i^ for

moderately strong rock, and i for weak rock) in

homogeneous rock, parallel to a straight free face,

and fired simultaneously, the whole of the inter-

vening rock is dislodged ;
but when the distance

between the holes exceeds ^W each charge will

blast a distinct crater. We rnay therefore conclude

that the limiting distance of action for each charge

is midway between the holes, or a distance -
.
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Therefore, as the force of a blast in a borehole

chamber is equally great on any side of the same

except the ends, and such force will overcome the

same resistance of rock on any side having a free

face, the distance of any lateral free face from the

side of borehole should be equal to the line of

resistance
; and, on the contrary, for a free face at

right angles to the axis of borehole the distance

of same from the centre of the charge should be

eW
,
as the pressure of the blast on the end of the

borehole is comparatively small, and could not pro-

duce rupture acting independently of the lateral

pressure in the hole.

From the above considerations we have deduced

the following rule for determining the proper posi-

tion for a borehole chamber, viz. :

The distance from the centre of a charge to any
lateral free face, measured perpendicularly to the

axis of the borehole, should be the same as the line

of resistance, and to any end free face, measured in

eW
line with the axis of borehole, a length .

When e = 2 the distance from the centre of

charge to any free face should be the same as the

line of resistance, which may be adopted in practice

as sufficiently accurate under most conditions.

Therefore, for two free faces at right angles to

each other the proper position for a borehole charge
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is that illustrated in Fig. 23, in plan, and Fig. 24, in

section, in which A B and C E represent the free

faces, h the borehole, D the depth 'of borehole, m

i ' - '

A;'/r>:\v *!_,;,

FIG. 23.

the length of charge, and T the tamping, or length

of borehole above the charge.

Accordingly,

D = m + T.

And as T = W - -
2

D = - + W.
2

For three free faces the

position of the charge should

be that indicated in Fig. 25

in plan, and Fig. 26, in

section.

58. Main Lines ofRupture. For rock of homo-

geneous composition and uniform texture the main

lines of rupture, ha, he and 7* B (Fig. 25), would

FIG. 24.
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reach the surface as indicated by the dotted lines,

that is, they make an angle of 180 between the

FIG. 25.

two lateral free faces, or an angle of 90 for each

free face.

A h
'

B

FIG. 25.

Owing to the want of homogeneity in rock, and

to the existence of joints and fissures, the outer line
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of rupture will not, in practice, run so regularly as

indicated by the dotted lines. In case of rupture

by shearing the line of rupture is a slightly convex

curve, as shown in Fig. i.

59. Irregular Faces of Rock. A circumstance

which will influence the position of the chamber,

sometimes in a very important degree, and which

must be taken into account in estimating the line

of resistance, is the irregularity of the faces of the

rock, which, instead of forming unbroken planes

parallel to the borehole, are broken up more or

less by projecting bosses and deep depressions.

Experience and good judgment, combined with a

knowledge of the principles of blasting, must guide

the blaster in this case.
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CHAPTER X.

BOREHOLE CHARGES.

60. Formula for Weight of Borehole Charges*

Calling d the diameter of borehole, n d the length of

charge, g the specific gravity of the explosive, U the

cubical contents of charge, and L the weight of

charge in Ibs., we have

U = "7854 d\ x nd

U = -7854^.

The weight of one cubic inch of any explosive

in Ibs. is '036^, and consequently, when d is

expressed in inches,

L = -7854 nd* x '036

L = '0283 ngd*.

When n = 12, and^ = i *6 as for dynamite,

L = -0283 x i *6 x 12 d*

L =

The weight of charge is also given by the for-

mula
L = C W\
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But as the charge must be applied in a chamber

giving sufficient pressure area to the blast, at right

angles to the line of resistance, to overcome the

cohesive strength of the rock, it is often more useful

to have it expressed in terms of Ca and W, by sub-

stituting the value of Ca in terms of Q, in' the above

formula. The value of Ca in terms of Cv may be

found in the following manner :

Since L = Q, W3 =

Q
'

-3396^'

d^ V C
W

But for a borehole chamber whose projection is

A = Ca SW,wehaveA = ;*a?
2
,andS = (n + i) 2 d.

Therefore Ca = , ? r-.
,

2 (n + i) W
and

d (in 4- 2

W :=
I

From the above values of .-^ we haveW
+ 2\ c , . .v -

-3396^-

and

c = /__ __ \

\2 n - 2/2 n 4- 2/ '3396 g
G
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When n = 12

~~C 6
C =" _"

26 -3396^
"

13 '3396^
and

Q = 3*454^C
3

.

When W is expressed in feet

Q = 5969 gCa*.

Substituting these values of Cv in the formula

L = CVW3
,
we have, when W is expressed in

inches,

when W is expressed in feet

Suppose, for example, for a borehole in very

strong rock, that Ca = '02, then Cv must be

3-454
" X -02

3 = -00002763^

to enable the blast to produce rupture.

IfW in the formula L = CvW3 be taken in feet,

and in the formula A = Ca SW in inches,

Cv = -00002763 x 1728 = '048 -.
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CHAPTER XI.

THE INFLUENCE OF FISSURES, JOINT AND BEDDING

PLANES IN DETERMINING THE CHARGE.

61. Favourable Conditions for Quarrying Opera-
tions. A consideration of great importance is the

existence of fissures, joint planes and bedding planes,

also lines of statification. It often happens that a

bed of rock is cut up by such planes into detached

blocks of greater or less dimensions, which must be

considered as more or less unsupported faces to

determine the proper position for a charge, and the

length of the line of resistance. In some quarries

joints traverse rocks in straight and well determined

lines, and are slightly open, thus affording to the

quarryman the greatest aid in the extraction of

blocks of stone. When a sufficient number of joints

cross each other the whole mass of rock is split into

symmetrical blocks, and offers the best possible con-

ditions for quarrying operations.

62. Rupture without Shearing. The Resistance

to Ruptiire of any Section ofRock limited by Joints

or Free Faces. In the case of joints and free faces,

as in blasting a mass of rock eflkfglm, Fig. 27,

G 2
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which is bounded by the free faces A B l and A D,
the vertical joints efgh and&tmn, and the bedding

joint eigmki, if the joints have little or no cohesion

along their surfaces, and they are parallel or diverge
towards the front face A Bj, the cohesive resistance

^ ?-r---I . ^- ^M!-\g^: it-rl! !!-HRr^=.VLrJP\ nj ,

FIG. 27.

of the rock to be overcome by the shotholes

will be proportional to the smallest section of the

mass through the shotholes, which should be bored

between the joints and parallel to the front face.

Suppose F and Fj to be any two such sections of

similar rock, varying according to the distance
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between the joints, and that the same could be

ruptured by shotholes having charges of the same

kind of explosive, and whose respective charging

chambers have projections A and A x parallel to the

front face A B
;
then for any given line of resistance

W it is evident that we should have the following

relations of the quantities F and F x ,
A and A lt and

S and Su viz.

FI Ai 1

F
= A =

S
'

On the contrary, for rocks of different cohesive

strength, and shotholes of the same diameter, the

lines of resistance should be proportional to the

cohesive strength of the rocks, as we should have

F = *
2W2

,
and F^^W,2

and
i /

F V eW '

But we can put F = the section that would

require the same force to rupture it as the section

F! in a different rock, under which conditions

A = Ca , SW equals A = Cal S Vf lt and therefore

C01

" W
Consequently,

F! /A 2 /Ca

F
==
t) fe

C
and as p )

= p (see Art. 42, page 54)
\es U,
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F "C
and

F, = %- F.
^al

For very strong rock (see Table I.), when Ca =

032, we find e = 2*27, and for a i-inch diameter

shothole charged with dynamite, A = 12 square

inches, and W = 14*37 inches.

Therefore,

F = <?
2W2 = (2'27)

2 x (14- 37)
2 = 1064 sq. inches

= 7-38 sq. feet.

Hence, for a i inch diameter shothole in weak

rock whose coefficient is Ca = *ooS,

Fl =

The sectional area of rock 29*52 sq. feet will

offer the same resistance to rupture as the line of

resistance for the shothole, which agrees with the

j^
formula W = ^ ^

= 4 feet 9i inches, will offer to
^ai *^

shearing.

On the other hand, it is evident that F varies as

the square of the line of resistance, and as the line

of resistance is proportional to the diameter d of

borehole for any diameter of shothole, we can put
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This formula is very useful in practice for de-

termining the proper number of similar holes to

rupture any given section of rock.

For example, it is required to blast a section of

rock 26 feet long and 10 feet high, 8 feet back

from the main face, the coefficient of the rock being
008 for dynamite, when the section is bounded by

free faces, or joints offering no resistance.

The line of resistance being 8 feet, we can adopt
holes of any diameter which will not shear a greater

thickness of rock than 8 feet.

A
According to the formula W =

, \\ inchW ^

diameter shotholes are equal to a line of resistance

of 7 feet 2 inches, and we may, therefore, adopt
holes of this or any smaller diameter according to

the ballistic and shattering effect required.

For a i J-inch diameter shothole, we have

F = x 7-38 x (ii)
2 = 66-42 sq. feet,

that is to say, each i^-inch shothole is equal to the

rupture of a section of rock whose area is 66*42

sq. feet.

But the whole section to be ruptured is

26 x 10 = 260 sq. feet.

Consequently, the number of holes required is

*?- = 4 nearly.
66*42
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The holes should be placed, as shown in

Fig. 27, in the lower bench to give the best effect,

viz. perpendicular to the top face A B, and so that

the distance of the end holes from the sides is

equal to the line of resistance of the charges, viz.

7 feet 2 inches, and the centre holes equidistant

from each other and the end holes.

The charge of dynamite required for each hole

is 1*833 lt>., being given by the formula L =

5434^, Art. 60, page 80, and for the four holes

1-833 X 4 = 7-332 Ibs.

The volume of rock blasted will be 26 x 10 x 8

= 2080 cubic feet.

The chambers should be situated in the central

part of section, and therefore the depth of each hole

will be
10 + m f i- = 5 feet 9 inches.

The section, however, may be blasted with

fewer holes, if the length of charge and depth of

hole be increased, since we have

F, A, S,

F A ST'

Supposing then that we make Aj = 2 A, by

doubling the length of charge it is clear that half

the number of holes will suffice, and that they

should have a depth of

s r . f i= 6 feet 6 inches.
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Economy in the boring of holes in this case is,

therefore, attained by increasing the length of charge.

The two ij-inch holes, 6 feet 6 inches deep,

should be bored, as indicated in Fig. 27, in the

upper bench.

Comparing the above with a case of stronger

rock, as, for instance, when Ca = '014, then

F = .^3? x 7-38 X (ii)
2 = 37-96 sq. feet.

'014

And the number of i^ inch holes required if m =
i foot 6 inches is

-^ = 7 holes.
37-96

But experience shows that the length of charge

may be one-half of the depth of hole under the

given conditions. Therefore, if the holes be bored

to a depth of 7 feet, the length of charge in each

may be feet = 3 feet 6 inches, and there will

be required for the work to be done

7 X i foot 6 inches = holeSj
3 feet 6 inches

instead of 7 holes as for the shorter length of charge

i foot 6 inches. On the other hand, the total

weight of charge will be the same for the seven as

for the three holes viz. :

7 x 1*833 lb. = 3 X 4' 277 Ibs. = 12-831 Ibs.
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The ballistic force of the blast for the same

length of charge will be directly proportional to the

square of the diameter of the boreholes. To reduce

the same so as to just crack the rock from its bed,

the diameter of the holes must be diminished.

For example, if i-inch holes be used,

F = x 8== I6 . g
014

and the number of holes of this diameter for a

length of charge = 1 2 d = i foot is

260

16-87
= 1 6 holes nearly,

which number may be reduced to = 4 holes by

making the length of charge i foot x 4 = 4 feet.

A charge of dynamite i foot long in a i-inch

hole weighs -543 Ib.
; hence, the total weight of the

charge will be

16 x '543 Ib. 4 x 2-172 Ibs. = 8-69 Ibs.

There will, in consequence, be 8*69 Ibs. to pro-

ject the mass in this case, instead of 12*831 Ibs. as

in the other. In case there are no bedding joints,

egmki, and g^ io m^ (Fig. 27), the i-inch and

ij-inch shotholes must be placed 2 feet 9 inches,

and 4 feet i^ inches (the lines of resistance for

shearing) back from the free face A B.

63. Length and Position of Chargefor Shearing
in Beds of Rock. In the case of beds of rock as
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illustrated in Fig. 28, the lines of rupture produced

by the explosion of the charge m, in the borehole,

will evidently be limited by the bedding plane or

joint C D, and if the joint C D is an open one, we

may assume that there is practically no resistance

to the blast along CD. In this case, when the

FIG. 28.

thickness t of the bed is less than eW
(
W being the

line of resistance if there were no joint CD), the

length of charge should be proportioned to the re-

lative resistance, which may be ascertained in the

following manner.

In homogeneous rock, when there are no joints
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or fissures, we have for the resistance to a blast

R = S W K! = fW2
K, hence a section of rock

whose section is W2

may be a measure of the

resistance of any shothole. On the same principle,

the relative measure of the resistance to rupture

when we are dealing with a bed of rock limited in

thickness to less than e W, as shown in Fig. 28, if

we denote the thickness of the bed by /, is eW x /,

which is evidently a smaller quantity than 0* W 2
.

Therefore, the length of charge should be reduced

so that the force of the blast is proportional to the

resistance, as the force of a blast is proportional to

the length of charge. Putting then m and m as

the lengths of charge required to overcome the

resistances e
2W 2 and e tW we have

m : m, : :

2W2
:etW,

whence
tm

"' = 7W
For strong rock we have = 2, and conse-

quently,
tm

That is, when

/ = W m^ = \m
t = i^W m 1

= %m
t = i^W m^ f m
= i JW m = ^m

t = 2 W m l
= m.
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If the joint C D is somewhat open it offers little

or no resistance, and the proper position of the

charge will be midway between the joint planes

A B and C D. On the contrary, if the joint C D
is tight the charge should extend to the same, and

it should be adjusted between these limits accord-

ing to the tightness of the joint C D, on the prin-

FIG. 29.

ciple that there should be equilibrium of resistance

on all sides of the line of resistance.

When there are lateral free faces or joints we

may place the charge a maximum distance W from

the same when this is possible.

The charge should always be located in whole

rock to prevent free escape of the gases and con-

sequent reduction of the power of the blast. This

rule, of course, only holds good when the strata are

thicker than the length of the charge.
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In laminated or slaty rock the resistance to rup-

ture is invariably less along the planes of stratifica-

tion than across the strata. Therefore, in order to

locate a shothole advantageously in, or parallel to,

the planes of stratification when there are two lateral

free faces A B and A C (Fig. 29), the former par-

allel to the planes of stratification and the latter at

right angles thereto, the shothole h should be so

situated that the distance from the free face A C is

i to i^ its distance from the free face A B, which is

the line of least resistance. The proper distance of

the shothole h from the free face A C must be found

by trial shots.
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CHAPTER XII.

BLASTING IN CUTTINGS, STOPES OR QUARRIES.

64. Placing of ShotJwles in Cuttings or Slopes.

In a cutting or stope the rock should be blasted in

steps with straight faces or walls (as illustrated in

Figs. 30, 31 and 32, plan, longitudinal section and

end view), so that each step is completely removed

by the series of shotholes a a a^ a3 and b b^ b^ bz

placed in line parallel to the free faces A B C D
and C D E F. All the shotholes should be of the

same length and diameter, and contain equal

charges. We can make the line of resistance that

which each single shothole will overcome when

fired separately, which we will call W, or a length

W
<
=

2{( + NJ) + *(N-i)l
X W> by USing

a number of holes in close juxtaposition. In the

former case the central holes should be placed a

distance eW apart, as before explained, and the end

^W
holes a distance - - from the nearest central holes.

2

The end shots, a a3 and b b^ are necessary to main-

tain the profile of the cutting or stope.
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65. Irregular Surface Line of Rock. In case

the rock has an irregular surface line, or a ledge
of rock has to be removed, as in Fig. 33, regular

r-z, c -^-' x_y c^ - ^^^-
f - / i

~ . ,^ L

FIG. 31.
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steps may be established by removing the section

of rock deb by the shotholes hh^h^h^ and the

section of rock bca by the shotholes h and ^5 .

To obtain a level floor it is often advantageous to

bore horizontal holes, as h, shorter vertical holes

being used, and the bottom blasted by horizontal

holes.

66. Joints. When there are regular and well

defined joints, offering comparatively little resistance

along their surfaces, shotholes should be placed to

take advantage of this favourable condition for the

excavation of the rock.

In granite quarries the joints may be very irre-

gular, as in the Aberdeen quarries, or run in a very

regular manner, as in the Cornish quarries. The

position of the joints is of first importance in select-

ing a site for a quarry. For instance, it is found

in granite formations that the direction of the beds

H
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generally corresponds with the outline of the hill
;

consequently the bedding planes are horizontal

when the surface is horizontal, and are inclined

when the surface is sloping. When the angle of

dip of the beds is great this condition is very dis-

advantageous for a quarry, as not only is the quar-

rying of the stone more expensive but there is

considerable risk of accidents from the blocks

having a tendency to slip down the steep planes.

P/^Tf^TTS^71??
I Vvr '' r\^^^^&^^^
i, L\ i<* Ax ;^Av\ s iA / 1 1 ^\v Av?Tv^

FIG. 33.

The greatest economy is obtainable when the bed-

ding joint planes are either horizontal or dip very

slightly towards the direction in which the rock is

to be blasted. When it is necessary to open a

quarry in a steep side of a hill the opening should

not be made straight into it, as the masses of rock

which stand separated from each other by natural

divisions (joints) might fall on the workmen en-

gaged beneath them.
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CHAPTER XIII.

PLACING OF SHOTHOLES WHEN THERE IS ONLY A

SINGLE EXPOSED SURFACE FOR ATTACK, AND

NUMBER OF SHOTHOLES REQUIRED FOR A HEAD-

ING OR SHAFT.

67. Removal of an Entering Portion of Rock.

In the foregoing considerations the holes have been

assumed to be drilled in the most favourable posi-

tion for blasting, viz. parallel to a free face, which

is only practicable when there are two or more free

faces available. When, however, we have to attack

a single exposed surface, or free face, as frequently

occurs in driving headings and shaft sinking, one or

more holes have to be drilled at an angle to the

free face to remove an entering portion of rock and

leave the surrounding rock unsupported, which is

called
"
angling the holes to unkey the rock/' or

"
taking out the key."

By the unkeying of the rock a new free face is

provided, approaching more or less to a right angle

with the other, so that the succeeding or enlarging

shotholes, when drilled in line with the heading or

shaft, will have a free face approximately parallel to

H 2
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the axes of the hole to break against. An illustra-

tion of the centre cut method of attacking a single

exposed surface when there are no joints or fissures

available is given in Figs. 34, 35 and 36, in which

i to 4 are the breaking-in shots and 5 to 20 the

enlarging ones. Fig. 34 shows face of attack and

FIG. 34.

plan of holes, and Figs. 35 and 36 the holes in

section.

The line of resistance W x for the breaking-in

shots is shown in Fig. 35. The effect is greatest if

the shotholes i, 2, 3 and 4 meet, or approach so

nearly each other that the intervening rock is fis-
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sured or pulverised, as in that case a pressure sur-

face for the gases from the explosion of the charges

will be produced parallel to the face of the heading

between the limits of the charges.

68. Arrangement ofHoles in Headings or Shafts.

Supposing all the shotholes besides the breaking-

in ones to have the same length and diameter, the

best arrangement of holes will evidently be that

Section through A.B,

FIG. 35.

which gives equal resistance to each, whereas the

number of holes will depend on the size of heading
or shaft, tenacity of the rock, and strength of ex-

plosive used.

In the Figs. 34, 35 and 36, the holes are shown

arranged on this principle, viz. first, 4 breaking-in

shots, numbered i to 4, converging to the centre E
of the heading ; secondly, the series of holes nunv
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bered 5 to 8, whose distance at the bottom from E
is W, the line of resistance adopted for all the holes

excepting the breaking-in ones
; thirdly, the series

numbered 9 to 12, which are situated a distance

W + (W sin 45) from E
; fourthly, the series num-

bered 13 to 1 6, having a radius 2 W from E
; fifthly,

the series numbered 1 7 to 20, whose radius from E
is 2 W + W sin 45 ;

and sixthly, the series num-

Section, through C.O.

FIG. 36.

bered 2 1 to 24, whose radius from E is 3 W. The
measurements from E are to the bottom of the

respective holes. W varies approximately from

i foot 6 inches to 2 feet 6 inches, according to the

hardness and tenacity of the rock, for holes 3 feet

6 inches long and ij inch diameter, and must be

found by trial shots, or calculated from the coeffi-

cient Ca of the rock if this is known. The posi-
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tion of the bottom of the holes is easily found by

dividing the circle by the four diameters A B and

C D, and intersecting these lines by circles having

radii W, 1-7 W, 2\V, 2-7 W.
The dotted lines show the lines of fracture at

the bottom of the holes.

69. Number of Breaking-in Shots required.

In order to find the number of breaking-in shots

required, when fired simultaneously, to unkey the

rock, let us assume the line of resistance to be p W,
and substituting this value for W x in the formula

W l m m d + /i ddl cosec a

W " mm l d + m dd cosec b

we get
m m^ d^ + m ddl cosec a

~ m m l d + m dd^ cosec b
'

It is most convenient to compare the power of
"
angled" holes with that of similar holes parallel

to a free face. Hence, we should put a = 90 and

cosec a \
\
m 12 d and m = 12 d^ By sub-

stituting these values in the above formula we
obtain

___13^1 _ J 3 4_* "

(12 + cosec b)d 12 + cosec b
'

d
"

As, however, all the shotholes can be so placed

as to act as one hole of/ times the diameter of hole

equal to a line of resistance W if similarly angled to

the free face, which will be the case if the holes meet
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at a point, as in Fig. 35, we can therefore put -^
= G

for the number of holes required to blast a line of

resistance / W, wherefore

12 4- cosec b

and
12 + cosec <$G=

13
'*'

If, for example, all the holes have the same dia-

meter, and the line of resistance for the breaking-in

shots is double that of the enlarging ones, or / = 2,

and the angle of the breaking-in holes with the line

of resistance = 8, or cosec b 7*19, then

(12 -f 7* 19) X 2
G = A

-^-y*

- = 3 holes.

70. -SVlafe CW. If there are natural side walls

available in the driving of a heading or level, as

occurs in the case of veins and lodes, or the strata

are proceeding in the same line as the heading so

as to present the edges in front, the rock should

be unkeyed in the side, which is called the " side

cut," an example of which is given in Fig. 37 in

plan and Fig. 38 in section.

To enable the key charges to overcome the

greatest possible line of resistance along the wall,

or joint a b, when it is so tight that the gases from

the explosions cannot escape through it, experience
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shows that the keyholes should have just sufficient

length to strike the joint, and not extend beyond it.

On the contrary, where there is a somewhat open

joint or fissure along the wall the keyholes should

not quite reach to the same, as the charges must be

FIG. 37.

located in whole rock to give the best effect. In

the case of a very open joint it should be considered

in all respects as a free face, and the keyholes

placed nearly parallel to it. The wall or joint a b

may reduce the resistance to the breaking-in shots
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nearly one-half when it offers very little resistance

along its surface to the rupture of the rock.

71. Bottom Cut. Another method of unkeying
the rock when there are no joints available is that

illustrated in Fig. 39, which consists in placing seve-

ral holes (a) along the side or bottom to assist the

"angled" holes (d) y
to urikey the face AB and

maintain the profile of the bottom of the heading

FIG. 38.

by firing charges in the holes (a) simultaneously

with charges in the holes (b).

7 2 . UsefulFormulafor Determining the Number

of Shotholes required for headings or shafts of a

given size may be found in the following manner :

Let V denote the volume of rock blasted to

advance a heading the length of the cut, and C the

coefficient of the strength of the rock, then for the
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blasting power required to loosen the volume of

rock V, we may put

P = CV.

Therefore, if the coefficient of the rock be Q
instead of C, we shall have

P t
= C, V.

FIG. 39.

Consequently,

P
"

C
'

But it is evident that

Q Q,
C

"
C '
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and therefore that

Pi C,
F :=

Q-
Then, if N similar shotholes, having the same

diameter and loaded with the same explosive, will

develop a power P, and N! such shotholes a power
PX, we shall have

P = N M A, and P l
= N x M A,

M representing the pressure or shock on each unit

of surface of the chambers from the explosion of

the charges.

Therefore,

P? Ni
P

"

N '

and

N>__Qa
N "C

tt

'

If for, say, a 3i feet advance in a 7 x 7 foot

heading twenty ii inch diameter shotholes are

required as illustrated in Fig. 35, then

C A i8|"

SWi" 32^ x 19
"

Introducing these values for C01 ,
and N! in the

aBove formula, we have

N = Ca^ = 667 Ca .

Assuming that N and NX are proportional to
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the volumes V and Vl of rock for any given
" ad-

vance" in a heading or "sink" in a shaft, then,

since the volume of rock in the above example is

7x7x3^=159^ cubic feet, we may put

or

N = 4 -24 Ca V.

This formula gives the number of similar shot-

holes required in a heading or shaft, the coefficient

of the rock for the explosive to be used being Ca ,

and the volume of rock being V for the " advance
"

or "sink."
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CHAPTER XIV.

TRIAL SHOTS.

73. Trial Shots. The coefficient Ca in the

formula A = Ca S W, and the coefficient Cv in the

formula L = CvW 3
,
must be found by trial shots in

the rock which is to be blasted.

This is done by selecting a step of rock as free

from fissures and joints as possible, with two fairly

straight and smooth faces, A B and B C, at right

angles to each other (Figs. 40 and 41), drilling

several vertical holes a distance, say, 3 W apart,

each of the same diameter (say i inch) from the

face A B, parallel to the face B C, with varying

lines of resistance, so that the depth of the holes

= W H ,
and the radius of the free face

)>
W

;

then inserting a charge (with fuse) of the explo-

sive compound whose strength is to be tested,

say, for a length = 8 d, filling the holes with

moist clay tamping to the top, and firing the

charges.

74. Coefficient Ca . Suppose, for instance, that
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three i-inch holes, 7/x 7z2 hz (Fig. 40), are bored

in gneiss with lines of resistance 2 feet, 2 feet

6 inches and 3 feet, for which the correspond-

ing depth of holes would be D = 4 d + W, viz.

FIG. 40.

2 feet 4 inches, 2 feet 10 inches and 3 feet 4 inches

respectively ;
8 d = 8 inches of charge being used

in each hole, with the result, for dynamite, that the

2 feet 4 inch and 2 feet TO inch holes completely

dislodged the rock, and that the 3 feet 4 inch hole

only produced cracks, then, as

for the holes which dislodged

the rock, the resistance is

greatest for the 2 feet 10 inch

hole, and it has produced the

desired effect, we may conclude

that 2 feet 6 inches is the

proper line of resistance for

dynamite under the gfiven con-
.:.
ditions.

//^v //-^
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Then, as A, according to the above trial shots,

= 8 inches x i inch = 8 sq. inches, and S = 2

(8 inches 4- i inch) = 18 inches

c* = = '

15 nearly -

To control this coefficient, and prove its correct-

ness, calculate for larger and smaller holes accord-

ing to the formula A '015 SW for greater and

smaller resistance than 2 feet 6 inches, and see if

analogous results be obtained. If the strength of

the rock should vary, then Ca has to be modified

accordingly.

75. Coefficient Cv . From the formula L = Q,W3
,

we have

r L
^ == W5

'

According to the result of the above mentioned

trial shots, the weight of charge L in ounces, taking

the specific gravity of dynamite as i
*

6, and the

weight of a cubic inch of dynamite = '036 x 1*6

x 1 6 = '9216 oz., was

L = '7854 x '9216 x 8 x (i inch)
2

= 5
*

79 oz.

Then, as W = 2 feet 6 inches,

C 5 '79 5 '79 . ,, 7

"(2ifeet)
3
"

15-625
" 37 '
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Supposing, however, that in very tight rock we

required a \\ inch diameter borehole instead of a

i inch to overcome the line of resistance 2 feet

6 inches, then we should have

C ... 5 '79 x (ii)
3

_ i9'54 . j. 2 -
'

15*625-

This high value of Cv is evidently solely due

to the great resistance of cohesion of the rock, and

the form of chamber, for it cannot be admitted that

the charge required in this case is greater for the

ejection of the rock after rupture has taken place,

than in the former.

When the coefficient CB , as in this case, is too

high for the volume of rock blasted by a single

shothole, if there be sufficient length and depth of

free face, it may be reduced by arranging several

similar shotholes closely in a line parallel to the free

face, and equidistant apart, and firing them simul-

taneously. According to the formula

Wi _NS_W =

2{(m+ N*0 4- (N -
i)k\

the line of resistance will increase as the number of

shotholes (within certain limits), and for a number

N of ij inqh diameter shotholes, having a length

of charge 1 2 d, which are placed a distance k, say

3 inches, apart, and which are singly equal to a line

i
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of resistance 2 feet 6 inches, for a given rock we

shall have

(a) For N = i q = i and W = i\ feet.

(6) N = 2 ? = iT
3
o W - 4

(*)
N = 3 ? = 2 W = 5

The relative volumes of rock blasted will be as

under :

For (a) W3 = (4)
3 = 15! cubic feet.

(g) W,
3 =

(4)

3 = 64
* =

( 5 )

3

=125
,

(c W* = 5
3

=125

and consequently, as i 14:8.

Therefore, as Cv
= i 25 for one shothole,

Cw
= - x i '25 = 0*625 for two such shotholes

;

4

C = f x i
*

25 = 0'47 for three such shotholes
;

o

under the given conditions. On the contrary, the

7^7

depths of the shotholes should be W + , namely,

For (a) 2 feet 6 in. + 9 in. = 3 feet 3 in.

(b) 4 + 9 = 4 9

M 5 n + 9 n = 5 i 9

Consequently, the relative lengths of borehole for

the rock blasted will be as follows :
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For (a) 3 feet 3 inches.

(S)
= 2 x 4| = 2 feet 4 inches

4

x = 2 feet 2 inches.
o

The above example shows that in hard rock a

great saving may be effected in the boring of the

rock, as well as in the quantity of explosive used,

when the shotholes support each other.

I 2
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CHAPTER XV.

THE" TAMPING, OR STEMMING, OF SHOTHOLES.

76. Results of Sir J. F. Burgoynes Experiments

on the Resistance of Various Kinds of Tamping.

According to General Sir J. F. Burgoyne's exten-

sive experiments on the resistance of various kinds

of tamping to the action of powder charges in bore-

holes, clay dried to a certain extent is, all things

considered, the best material for tamping ;
broken

brick, tempered with a little moisture, the next best

material
;
and rotten stone, without hard gritty par-

ticles of stone, as good as either
;
but the latter is

generally objectionable on the ground that it is

likely to lead to an occasional substitution, or mix-

ture of hard gravel, which is subject to strike fire.

Sir J. F. Burgoyne obtained the following results

by his experiments with powder charges :

(a)
" In holes of i inch diameter, charges of

2 ounces of powder will not blow out

above 7 inches of clay tamping.

(b)
<( In holes of 2 inches diameter, charges

of 2 ounces of powder will blow out
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about 1 8 inches of clay tamping, and

not more.

(c)
" In holes of 3 inches diameter, charges of

2 ounces of powder will not blow out

above 19 or 20 inches of clay tamping.

(d)
" Increase of charges does not produce a

greater effect upon good tamping. For

instance, 4 ounces of powder had scarcely,

if at all, more effect than 2 ounces, so far

as can be judged under the different cir-

cumstances.

(e)
" When the rock is opened by the explo-

sion the effect on a tamping of clay, or

other tough material, is greatly reduced,

the action upon the rock in opening ap-

pearing to be much more rapid than on

the tamping ;
even where the rock is

separated across the line of the hole itself

the tamping is usually found adhering to

the sides."

77. Length of Tamping Required for Powder

Charges. The latter is a very favourable circum-

stance in blasting, and for powder charges we may
conclude that 7, 18 and 2,0 inches of tightly packed

clay tamping is the minimum required for boreholes

whose diameters are i, 2 and 3 inches respectively.

78. Tamping for High Explosives. For such

explosives as the nitroglycerine compounds, which

develop their full power instantaneously, there is
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not time for the tamping to yield before the full

shock of the gases is delivered upon the sides of

the chamber, and if the shock is sufficient to burst

the rock rupture will be effected before any con-

siderable proportion of the force of the explosion is

lost by the escape of gases out of the shothole.

Hence, for such explosives a very light tamping,

as, for instance, the hole filled with water, will act

very efficiently. In general it is sufficient to use a

tamping of water, but when this cannot be applied,

as when the holes are horizontal or inclined above

the horizon, a few inches of clay or paper pushed

tightly home into the holes is all the tamping re-

quired.
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CHAPTER XVI.

ON THE DIFFERENT METHODS OF ARRANGING BORE-

HOLES IN DRIVING AND SINKING.

79. Systems of Placing Holes for Driving and

Sinking. It is essential when rock drills are em-

ployed that the arrangement of the boreholes should

be such as will allow of every facility for boring

them with such machines, and also minimise the

number of holes and weight of explosive necessary

for a given advance in the heading, level or shaft.

With this object in view the following two distinct

systems of holes for driving and sinking are in

use, viz. :

(a) The centre cut, which consists of centre

holes surrounded by others more or less

concentric therewith, and angled so as to

allow the explosive to remove, first, a

centre core or key; second, the rock

encircling the core.

(b) The square cut, in which the shotholes are

mostly parallel to the sides of the head-

ing, level or shaft, which is given a more

or less rectangular form, the holes being
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angled so as to admit of the removal of,

first, an entering wedge ; second, of the

rock on each side of the wedge. The

core or wedge may be either removed at

the centre, side or bottom.

80. Diameter of Holes. In driving headings or

sinking shafts experience shows that holes having
a diameter varying from f to \\ inch at bottom

are most economical in hard rock if charged with

the strongest high explosives, and, on the contrary,

holes of larger diameter, say from i \ to 2\ inches

in diameter, and charged with a strong low and

cheap explosive in weak rock.

All the holes in a heading or shaft should have

the same diameter, and the best arrangement is to

give an equal resistance of rock to each and placing

each hole so as to get the full benefit of the free

faces formed by the firing of the preceding holes.

8.1. Best Length for an "Advance" in a Head-

ing, Level or Shaft. In hard and tight rock the

best length for an advance with each set of holes

is one-half of the width or diameter of the heading,

level or shaft, but it may be three-fourths of such

width or diameter in soft and loose rock with ad-

vantage. The arrangement of holes must enable

the whole of the rock to be blasted away within

the limits of the heading or shaft.

82. Key-Holes. It is obvious that the "
key

"

holes should meet at the bottom and be fired simul-
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taneously to give the best effect, as the resistance of

the core is a minimum under these conditions.

83. Centre Cut in a Heading. Figs. 42, 43, 44
and 45 give an example of the best method of

placing holes of one diameter for the centre cut
;

Fig. 42 indicating their position on the face of the

FIG. 42.

heading, Fig. 45 in elevation, and Figs. 43 and 44
in plan. The holes are shown as they would be

drilled by rock-drills, and are so placed in accord-

ance with the principle that the line of resistance

must be the same for each hole except the breaking-
in ones, that is, when they are all of the same dia-
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meter, and consequently equal to the same line of

resistance. Sufficient holes must be bored to en-

able the whole section of rock abed, giving a lineal

advance of 3 feet 3 inches, to be removed, as if this

object were not attained it would be necessary to fix

up the machines again simply to bore new holes for

the removal of the remaining rock before another

complete set of holes could be bored for a further

FIG. 43.

lineal advance of the heading. This system of holes

enables two rock-drills to be employed most advan-

tageously, and even four drills may be used at one

time in a small heading when the greatest speed in

driving is to be attained.

In the case of strong and hard rock, as, for

instance, when the line of resistance is i foot 9 inches

for \\ inch diameter holes, and they are charged
with gelatine dynamite, 20 holes are required to re-
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move the whole section of rock abed. The proper

length of charge in each hole will be 12 x i-- =

13^ inches, which corresponds to, say, f Ib. of

gelatine dynamite (see Table II.). Four breaking-in

shots are generally adopted in practice, whereas

three holes should suffice according to the formula

G = (- -)/, b being the angle made by the

'̂////AO,
//

Mo.
\ \

v \

\ \

\ \

\ \

FIG. 44.

0>i
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breaking-in shots with the line of resistance and p
the ratio of the lines of resistance for the breaking-

in and enlarging shots. These holes must converge
to a point in the heading to ensure the removal of

the core, as the resistance of the rock to rupture is

thereby reduced to a minimum. This is found very

difficult in practice, and it is therefore desirable to

use an extra hole to ensure the removal of the core

if these holes be not so placed. The order of firing
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the holes is as follows : First, the breaking-in shots

Nos. i, 2, 3, 4, simultaneously; then the enlarging

shots either consecutively or simultaneously (the

result will be precisely the same) in the following

order: First volley, Nos. 5, 6, 7, 8
;
second volley,

Nos. 9, 10, n, 12
;
third volley, Nos. 13, 14, 15, 16;

FIG. 45.

and fourth volley, Nos. 17, 18, 19, 20; this order

giving the full advantage of the free face formed

by the preceding holes, and therefore, the most

economical result obtainable.

It is assumed in this case that the rock is fairly

homogeneous, but on the other hand small irregular
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joints would not reduce the resistance appreciably,

and should not be considered in the arrangement

of the holes.

In the case of weaker or bedded rock the line of

resistance would be greater, and fewer holes re-

quired.

The proper charge of gelatine dynamite for a

\\ inch diameter borehole is f lb., and, therefore,

the weight of explosive required for a lineal advance

of 3 feet 3 inches is

20 x | lb. = 15 Ibs.

84. Square Cut in a Heading. Figs. 46, 47, 48

and 49 give an example of the best method of

placing the shotholes for the square cut
; Fig. 46

illustrating the position of the holes on the face of

the heading ; Fig. 49 in elevation
;
and Figs. 47

and 48 in plan. This system of placing the holes

differs essentially from the centre cut, in that 'the

length of free face is at first developed instead of

being successively increased by each series of shots

as in the centre cut. Two or four rock drills can

be used most advantageously in this case as with

the centre cut, whereas the arrangement of the

holes is simpler, and facilitates the boring of the

same.

Under the same conditions as in the example

given of the centre cut system, viz. in strong and

hard rock, with \\ inch diameter boreholes, and the
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line of resistance being i foot 9 inches, 22 holes are

required for a lineal advance of 3 feet 3 inches, but

four of the holes are shorter, and only three dry

holes have to be bored as compared with five dry

holes with the centre cut system. As the holes are

bored slightly conical, the shorter holes will have a

FIG. 46.

diameter of i \ inches at bottom, as against \\ inch

for the longer holes.

The entering wedge efg (Fig. 47) is best re-

moved in two stages, namely, first the part e kg by

breaking-in shots Nos. i, 2, 3, 4, and then the part

efh, by breaking-in shots Nos. 5, 6, 7, 8, as the line
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of resistance would be more than these eight holes

could overcome, if Nos. i, 2, 3, 4 were continued

so as to meet Nos. 5, 6, 7, 8, and fired simul-

taneously.

It has been before demonstrated that if q repre-

sents the line of resistance for N shotholes placed a

distance k apart in line parallel to a free face, and

'A\
'A\\
4>\\ tm

m
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= 4X 29!

14(4-
= I17 =0 .

Q
120

Hence the line of resistance these four holes will

break by their combined shearing action is i foot

9 inches x o '

9 = i foot 7 inches, which is less than

for each fired singly, and their line of resistance,

''

<V/

48.

therefore, cannot exceed that corresponding to each,

viz. i foot 9 inches.

On the other hand, if Nos. i, 2, 3 and 4 were

continued to meet Nos. 5, 6, 7, 8 we should^ have

four pairs of holes supporting each other when fired

simultaneously, the relative power of each pair

being

2 X

2(13! + 2 x i| inch;

"

31

= 1-85-
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Consequently, for the four pairs of holes fired

simultaneously, we shall have

q i -85 x 0*9 = i '67,

that is, their combined shearing power is not equal

to a greater line of resistance than

i foot 9 inches x i "67 = 2 feet 1 1 inches,

which is reduced by the small angle of the holes,

namely, 20 with the line of resistance, to 2 feet

ii inches x "88 = 2 feet 7 inches, whereas the

K
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actual line of resistance is 3 feet 3 inches. If the

line of resistance be i foot 9 inches for i^-inch

holes, it will be 2 feet for the i^-inch diameter holes,

Nos. i, 2, 3, 4, but as these holes are placed at a

less angle than 90 with the line of resistance, they

are only equal to a line of resistance of 2 feet x "88

= i foot 9 inches.

It will therefore be seen that there is a saving in

the expense of boring by the shorter No. i, 2, 3, 4

holes, and moreover the charge is better placed for

doing the work, so that a better result is obtainable.

The order of firing the shotholes is as follows :

ist volley, Nos. i, 2, 3, 4, simultaneously.

2nd volley, Nos 5, 6, 7, 8, simultaneously.

3rd volley, 9, 10, u, 12, either simultaneously

or consecutively.

4th volley, Nos. 13, 14, 15, 16, either simul-

taneously or consecutively.

5th volley, 17, 18, 19, 20, either simultaneously

or consecutively.

The effect will be precisely the same whether

the enlarging shotholes are fired simultaneously or

consecutively.

85. Side Cut in Headings. The side cut offers

the very important advantage, when only one rock

drill is employed in a heading, that all the holes may
be drilled most advantageously with one fixing of

the tunnel column. It is specially applicable when
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the heading is proceeding in the same line with

vertical strata, or in a vein or lode, as this will

enable the breaking-in shots to be located in the

most favourable position for "unkeying" the rock

along a joint or wall on the side. Figs. 50 and 5 1

FIG. 50.

are an example of how the holes are placed in

moderately strong rock, there being supposed to be

a joint or wall at the side
;
where there is no joint

or wall to facilitate the 4<

unkeying" of the rock, two

additional breaking-in shotholes, i and 2 as shown

in Fig. 54, will be necessary.

K 2
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The line of resistance being 2 feet 7 inches for a

i inch diameter hole charged with gelatine dyna-

mite, eleven i-inch shotholes are necessary to

remove the section of rock a, b, c, d, giving an

advance of 3 feet 3 inches in a heading 7 feet x

6 feet 6 inches. The holes should be fired in the

following order :

ist volley, Nos. i, 2, simultaneously.

2nd volley, Nos. 3, 4, 5, consecutively.

3rd volley, Nos. 6, 7, 8, consecutively.

4th volley, Nos. 9, 10, n, consecutively.

Figs. 52 and 53 are another example of the side

cut when the line of resistance is 2 feet 3 inches, or

for strong rock in case there is a joint or wall at the

side. The number of i inch diameter holes required

under these conditions for a lineal advance of 3 feet



AND THEIR GENERAL APPLICATION. 133

3 inches is 14, which should be fired in the following

order :

ist volley, Nos. i, 2, simultaneously or consecu-

tively.

2nd volley, Nos. 3, 4, 5, 6, consecutively*

FIG. 52.

3rd volley, Nos. 7, 8, 9, 10, consecutively.

4th volley, Nos. n, 12, 13, 14, consecutively.

Figs. 54, 55 and 56 are a further example of

the side cut for a heading 7 feet X 6 feet 6 inches,

when the rock is very hard and tight, 23 \\ inch

diameter holes being employed. This diameter
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hole is equal to a line of resistance of i foot

3 inches in such rock when charged with gelatine

^^^^^^^^^^^/^^^^^^^

11% ^ '

FIG. 53.

FIG. 54.
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dynamite. Nos. i, 2, 3, 4 are the breaking-in shots,

Nos. i and 2 being fired first simultaneously, and

then Nos. 3 and 4 simultaneously. The enlarging

1L
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the heading 3 feet 3 inches, the charge for each hole

being about f lb., and for the advance of 3 feet

3 inches, 23 x f = 17^ Ibs. of gelatine dynamite.

86. Square Cut in a Shaft or Rise. For sinking

a rectangular shaft or driving up a rise the square

cut is best adapted, as it facilitates the boring of the

holes. In a shaft 14 feet x 8 feet, if the coefficient

35 27 19 II 9 15 23

S /
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ist volley, Nos. i, 2, 3, 4, simultaneously.

2nd volley, Nos. 5, 6, 7, 8, simultaneously.

Ill' 1 "I \ YT/ I "I

a

FIG. 58.

FIG. 59.

3rd volley, Nos. 9, 10, consecutively.

4th volley, Nos. u, 12, 13, 14, 15, 16, 17, 18,

simultaneously.
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5th volley, Nos. 19, 20, 21, 22, 23, 24, 25, 26,

simultaneously.

FIG. 6a

FIG. 61.
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6th volley, Nos. 27, 28, 29, 30, 31, 32, 33, 34,

simultaneously.

7th volley, Nos. 35, 36, 37, 38, 39, 40, 41, 42,

simultaneously,

If the coefficient of the rock has been found for

gelatine dynamite, each hole should have a charge

of | Ib. of this explosive, and consequently the total

FIG. 62.

weight of gelatine dynamite required to sink the

shaft 3 feet 6 inches would be

| Ib. x 42 = 31^ Ibs.

If, however, the coefficient of the rock is *oi8

for gelatine dynamite, or the line of resistance is

2 feet 4 inches for a i inch diameter hole, then
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only 24 such holes will be required as illustrated in

Figs. 62, 63 and 64. The charge for each hole

will be the same as in the preceding example, viz.

| lb., and the charges fired as follows :

ist volley, Nos. i, 2, simultaneously.

2nd volley, Nos. 3, 4, simultaneously.

3rd volley, Nos. 5, 6, consecutively.

?5

> XV XXI /

SaSSL',
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87. Centre Cut in a Circular Stiaft.^Qn the

other hand, the centre cut is most suitable for sink-

ing a circular shaft. For instance, if it is required

to sink a circular shaft 10 feet in diameter, and the

coefficient of the rock is
* 02 1 for gelatine dynamite,

or corresponding to a line of resistance of i foot

10 inches for
i-J-

inch diameter holes, 24 such holes

FIG. 64.

will be necessary to sink the shaft 3 feet 6 inches,

if placed as indicated in Figs. 65, 66, 67. The

charges should be fired in the following order :

ist volley, Nos. i, 2, 3, 4, simultaneously.

2nd volley, Nos. 5, 6, 7, 8, simultaneously or

consecutively.
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3rd volley, Nos. 9, 10, n, 12, simultaneously or

consecutively.

lO'-o" >

FIG. 66.
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4th volley, Nos. 13, 14, 15, 16, simultaneously

or consecutively.

5th volley, Nos. 17, 18, 19, 20, simultaneously

or consecutively.

6th volley, Nos. 21, 22, 23, 24, simultaneously

or consecutively.

A very good result is also obtained when all

the holes comprising the last two volleys are fired

simultaneously.

Section through C.O.
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FIG. 6y<

The total weight of explosive required for

sinking the shaft a depth of 3 feet 6 inches is

24 x 3 Ib. = 18 Ibs.

88. Diagrams of Holes for Headings and

Shafts. It is obvious that the diagrams are applic-

able to any length of line of resistance, if such length

be taken as the scale of the diagrams.
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CHAPTER XVII.

SAFETY FUSE.

89. The "Miners Safety Fuse" was invented

by William Bickford of Tuckingmill, Cornwall, and

patented by him in 1831, to provide means of con-

veying fire to the charge in blasting, which would

obviate the various dangers then inseparable from

that operation, and thus avoid the distressing acci-

dents constantly occurring in the mining district in

which he resided, chiefly from premature explosion

of charges.

Since its invention it has been greatly improved,

and is now universally employed as the means of

firing the charge in every kind of mining, quarrying,

and subaqueous blasting, both with powder and the

various modern explosives.

Good safety fuse will burn with certainty at the

rate of about 2 feet per minute, and be capable of

resisting considerable pressure without injury. For

wet ground, it should be of such a character as to

admit of being used without protection.

90. Principal Kinds of Fuse. Safety fuse may
be described as a cord of hemp or gutta-percha,
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carrying a column of fine gunpowder in its centre

(see Fig. 68), and covered with one or more coats

of tape and varnish. The following are

the principal kinds made by Messrs.

Bickford :

No. i (Small Safety Fuse) is the

cheapest and smallest kind of fuse made,

and is recommended only for immediate

use in dry ground.

No. 2 (Safety Fuse) is adapted for all

ordinary blasting in dry ground.

No. 3 (
White Safety Fuse) is adapted FIQ 6g

for use in dry ground and in close places,

as it emits little smoke in its combustion. It

burns without flame and is, therefore, especially

suited for use in collieries.

No. 4 (Red Safety Fuse) is somewhat similar to

No. 3, but it is rendered considerably more damp-

proof.

No. 5 (Double Wove Fuse). This is a black

varnished fuse, intermediate in size between Nos. 2

and 6, and in damp-resisting power between Nos. 4
and 6. It is a very serviceable fuse for general

purposes.

No. 6 ( Thread Sump Fuse). This fuse is adapted
for use in damp ground, and is so prepared as to

resist the action of any moderate degree of humidity.

It will bear rougher treatment, both before it is

used and during the process of tamping, than the
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preceding kinds, and is strongly recommended

where careful handling by the operatives cannot

be relied on.

No. 7 (Small Tape Fuse). This consists of the

addition of a coating of tape and extra varnish to

No. i fuse, to enable it to stand a much greater

degree of wet and pressure, but it is only recom-

mended for immediate use and home service.

No. 8 (Tape Sump Fuse). This fuse is adapted

for use in wet ground. It is so protected as to

operate efficiently when the tamping is saturated

with water.

No. 9 (Double Tape Sump Fuse). This fuse is

intended for blasting in very wet ground.

Nos. 10 and n (Treble-Coun'ered and Thread-

Countered Fuse). These fuses are covered with a

larger quantity of protecting material than any of

the preceding, and are, therefore, better able to

withstand the roughest treatment and greatest pres-

sure. Their increased diameter has prevented their

use in some cases, but they have often been found

extremely useful when the nature of the ground is

not only wet but rough, and the tamping substance

gritty and liable to cut. No. lots rather the tougher
of the two, and No. 1 1 the more waterproof. They
are both designed for home service only.

No. 12 (Small Gutta-percha Fuse). This is the

smallest kind of gutta-percha fuse. It is extensively

used as a -substitute for No. 13, but it is not recom-
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mended to be stored for any considerable time

before use, nor in any case for deep subaqueous

blasting.

No. 1 3 (Gutta-percha Fuse). This fuse is adapted
for subaqueous blasting, where it is not liable to

much motion from waves or currents, nor subjected

to great pressure. It has answered its intended

purpose after it has been under water for 24 hours,

with a pressure of 40 Ibs. to the inch, this being

equivalent to the weight of water at a depth of

more than 90 feet

N.B. 100,800 coils of this fuse were used in

excavating the Manchester Ship Canal.

No. 14 (Tape Gutta-percha Fuse). This fuse

consists of the application to No. 13 fuse of an

exterior protecting coating of tape and composition

varnish, which not only somewhat increases its water-

resisting properties, but delays the oxidation of the

gutta-percha ;
it consequently retains its efficiency

for a much longer time, and is therefore well

adapted for service in distant countries. This fuse

is extensively used by the Indian and Foreign

Governments, and is highly recommended for use

in tropical countries, owing to the effect of these

climates in oxidising unprotected gutta-percha. It

is made in two sizes.

No. 15 (Double Gutta-percha Fuse). This fuse

is far stronger and more waterproof than Nos. 12,

13 and 14, being protected and strengthened by an

L 2
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additional coating of gutta-percha and other ma-

terial. It will act in a greater depth of water, and

bear a greater strain than the preceding. After

having been twenty-four hours under water, it burns

freely with a pressure of 140 Ibs. to the inch, this

being equivalent to the weight of water at a depth

of more than 300 feet. It is made in two sizes.

No. 1 6 (Impermeable Subaqueous Fuse). This

fuse is specially made to order for the deepest sub-

marine blasting.

Nos. 17, 1 8, 19 and 20 (Metallic Fuses). These

fuses have many objectionable features, and cannot

be recommended.

No. 21 {Gutta-percha Countered Metallic Fuse).

This fuse, like the four preceding, has many objec^

tionable features, and will not withstand rough
treatment. It has, however, been found valuable

where resistance to great pressure is required, but

without severe tension, and may be said to provide

the maximum resistance to pressure, relatively to

a minimum of diameter.

No. 22 (Treble Wove Fuse). This fuse has been

extensively used, and is found well suited to all the

ordinary requirements of blasting in mines, quarries

and railway works. It combines a waterproofing

almost equal to No. 9, with great toughness and

firmness, and a small diameter.

No. 23 (White Tape Fuse). This fuse is similar

to No. 8, having many of the advantages of No. 3,
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together with a degree of waterproofing almost equal

to No. 8. The varnish of this fuse is not susceptible

to effect from a high temperature ;
and it is there-

fore strongly recommended for use in warm climates.

No. 24 (White Double Tape Fuse). This fuse is

similar in construction to No. 9, but, having a white

exterior varnish, is more suited for use in hot coun-

tries.

No. 25 (Colliery Fuse). This fuse was designed
as a means of obviating the dangers previously at-

tending the use of safety fuse in fiery or gaseous

collieries, as pointed out in the Report of the Royal
Commission on Accidents in Mines (1886), and to

meet the requirements of the new Colliery Acts.

It is guaranteed to burn without emitting flame or

sparks laterally ; and, used in conjunction with

Bickford's patent safety lighter and patent nippers,

is one of the best as well as one of the simplest

means for conveying fire to the water-cartridge or

other charge in the most fiery or gaseous pits with

safety.

For certain slate quarries in England and Wales,

where very deep boreholes, charged with unusually

large quantities of powder, are employed, it is an

object of great importance to convey the fire to the

bottom of the charge, instead of exploding it at or

near the top, as would be the case with ordinary

fuses, for which purpose the colliery fuse No. 25 is

most suitable.
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No. 26 (White Treble Wove Fuse). This fuse

consists of a substitution of white varnish for black

on a fuse similar to No. 22. It possesses the same

general suitability to all ordinary blasting require-

ments, together with special adaptation for exporta-

tion to tropical climates, changes of temperature

having no deteriorating effect on the covering.

No. 27 (White Countered Gutta-Percha Fuse).

This fuse consists of the application of a yarn cover-

ing with an exterior white varnish to a small gutta-

percha fuse. Its advantages are that it is rendered

waterproof by its gutta-percha covering, whilst its

protecting yarns make it tough and durable, and the

finishing varnish does not become either adhesive or

brittle under extremes of temperature.

N.B. 138,369 coils of this fuse were used in

driving the Severn Tunnel, and 75,150 coils in the

excavation of the Manchester Ship Canal.

Those most commonly employed with dynamite,

blasting gelatine, gelignite, gelatine-dynamite, tonite,

and the other high explosives, are Nos. 3, 4, 5, 8, 9,

13, 14, 23, 24, 25, 26 and 27.

91. Applications of the Different Fuses. The

fuses of the above list are applicable as follows :

For dry ground, Nos. i, 2 and 3.

For damp ground, Nos. 4, 5 and 6.

For wet ground, Nos. 7, 8, 23 and 26.

For very wet ground, Nos. 9, 10, u, 12, 17, 22,

24 and 27.
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For under water, Nos. 13, 14, 15, 18, 19 and 20.

For deep water, Nos. 15, 16 and 21.

For slate quarries, Nos. i, 2, 3, 7 and 25.

For fiery collieries, No. 25.

For detonators, Nos. 3, 4, 5, 7, 8, 13, 14, 23, 25,

26 and 27.

92. Method of Using Fuses. - - With regard to

the method of using safety fuse for igniting powder,

one end of the required length of same is placed in

the charge, and the hole then tamped with any soft

substance (for example clay or rotten-stone), which

will not cut the fuse. When the blasting agent is one

of the high explosives a suitable detonator must be

placed on the end of the fuse which enters the

charge. After the charge has been properly tamped,

the other end of the fuse should be directly ignited,

and it will then slowly and surely burn to the charge

if care has been taken to select that quality which

the operation requires.

In all subaqueous operations, great care must be

taken that, at the union of the fuse and cartridge,

there is a perfectly watertight joint ;
and the fuse

must be strengthened as much as possible both at

and near the place of junction, to guard against the

breaking of the joint, which would allow the water

to soak into the charge.

93. Selection of Fuses for Different Climates.

Fuses Nos. 2, 5, 6, 8, 9 and 27 are supplied in a

form specially suitable for exportation into either
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warm or cold climates. That varnish which would

be suitable for a cold country becomes soft and

sticky if exposed to much heat
;
while that suitable

for a hot country becomes hard and brittle if exposed

to great cold. This inconvenience is remedied by
the special preparation of the varnish to suit any

given temperature. Nos. 3, 4, 25 and 26 fuses need

no such special preparation, being naturally suited

for any climate. Nos. 23 and 24 fuses are perfectly

safe in hot, but are not recommended for very cold

climates. Of the gutta-percha fuses, No. 14 is the

kind recommended for export.

94. Storing of Fuses. The fuses should be kept

in a dry room, so that the powder may not be affected

by damp, and they will retain their efficiency until

the varnish has lost its essential oil. Care should

be taken that they are not touched by any greasy or

oily matter, as this rapidly penetrates through the

varnish to the gunpowder, and prevents the proper

burning of the fuse. Gutta-percha fuses, if kept as

here described, will retain their efficiency as long as

the gutta-percha does not become brittle through

oxidation.

If, through exposures to cold, the tar-varnish

should become brittle or crack, so that there is a

danger of the column of gunpowder in the centre of

the fuse becoming damped in use, it may be remedied

by very slightly greasing the varnish of the fuse

immediately before it is used
;
and if, through ex-



AND THEIR GENERAL APPLICATION. 153

posure to heat, it should become soft and sticky to

the touch, this may be obviated by rubbing into it

a little whiting or any other similar powder.

95. Fuse Lighter for Collieries. Bickford's

patent fuse lighter is an invention to ignite fuse

without exposing spark or flame, and consists of a

tin tube containing a tiny glass bead or tube filled

with sulphuric acid, and embedded in a chlorate

mixture. The fuse having been inserted into the

open end, and the mouth of the lighter closed

firmly, but not too tightly around it, is lighted by

squeezing the centre of the tube with a suitable

nippers supplied therewith, in consequence of the

chemical action which takes place inside the tube on

the release of the acid by the crushing of the glass

bead, but which produces no objectionable external

effect.

These lighters are extensively used in the prin-

cipal collieries, and the manufacturers assert that

their colliery fuse, lighters and nippers together,

provide the simplest and most economic means yet

devised for conveying fire to the charge in gaseous

or fiery pits with absolute security. The price of

the lighter is such as to place it within the reach

of every user of explosives.

96. Patent Volley-Firer and Instantaneoiis Fuse.

The advantages of simultaneous firing, which

were until recently obtainable only by means of the

electric machines and appliances described in



154 THE PRINCIPLES OF ROCK BLASTING

Chapter XVIII., are now offered by the use of

Bickford's volley-firer and instantaneous fuse.

The invention is exceedingly simple (see Fig. 69),

a number of instantaneous fuses being united in one
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recipient, termed the volley-firer, and simultaneously
fired by means of a single ordinary safety fuse,

which enters the volley-firer at the opposite end, as

shown in the accompanying illustration.

The volley-firers are supplied in forms and sizes

suitable for all the various con-

ditions of mining, quarrying
and tunnelling, and containing

any number of instantaneous

fuses from two or three to six-

teen (which may be of equal or

different lengths), those con-

taining even a larger number

having frequently been used

with greater success
;

a single

report being invariably given

by the explosion of the different

charges.

The volley-firers are made in

two ordinary forms. The one

illustrated in Fig. 70 is the

pattern used in general blasting

in mines; and the other, or T pattern, Fig. 71,

is more especially adapted for quarry and other

surface work where it is sometimes desirable to bring

down a large face of rock.

To enable operatives to adapt the instantaneous

fuses to any variable length suiting particular opera-

tions, the inventors supply the volley-firers with

FIG. 70.
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fuses looped as shown in Fig. 72, so that if the

whole length of the fuse so looped is, say, 10 feet,

FIG. 72. FIG. 73.

the blaster can cut it into lengths of 3 feet and

7 feet, 4 feet and 6 feet, or any proportions of 10,
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without detaching them from the volley-firers or

affecting the simultaneousness of the explosion.

Fig. 73 shows the volley-firer after the loops have

been cut.

The operator should be careful to prevent any
oil or greasy substance touching the instantaneous

fuses. He should also be particular in fixing the

instantaneous fuses into the cap or charge, so that

the junction between safety fuse, disc, and instan-

taneous fuses is not disturbed or loosened
;
and he

should always remember that the instantaneous fuse,

which is coloured red, burns at a speed of about

1 20 feet per second.

The Bickford instantaneous fuse and volley-

firer have been proved in actual work to be a very
useful auxiliary for firing several shots simultaneously,

as it is equally effective, more convenient and cheaper

in first cost than the apparatus required for electric

firing. On the other hand, electric fuses are cheaper
than instantaneous fuses, and electric firing will

therefore be found more economical for blasting on

a large scale.
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CHAPTER XVIII.

ELECTRIC SHOT-FIRING.

97. Advantages of Electric Firing. Electric

shot-firing is in some cases conducive to economy
in rock blasting, and is always advantageous from

the safety point of view. Its advantages are

now fully established, and in connection with coal

mining especially it has made rapid headway in late

years.

98. High and Low Tension Electricities for

Electric Firing. There are, as is well known, two

kinds of electricity, called high tension and low

tension, and high tension batteries to fire high ten-

sion fuses or detonators, and low tension batteries

to fire low tension fuses or detonators, the latter

generally being termed quantity batteries.

99. High Tension Batteries. High tension bat-

teries are smaller, lighter to carry, and cheaper to

make than low tension, and are therefore in more

general favour in this country, especially for single

shot firing. The high tension of the electricity

(about 1 80 volts) gives it a capacity to send a spark

of fire across the small space between the joints of
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two insulated wires of a fuse. Some sensitive

chemical composition is placed between these points,

the spark fires it, and this communicates the flash to

the explosive in the detonator which surrounds the

fuse.

The great disadvantage with regard to these

batteries, especially with those having permanent

magnets, is that they are not constant, that is, that

they soon lose their power and require to be sent to

an electrician to be remagnetised ; and, further, the

chemical composition in the fuse is liable to dete-

rioration by time or damp. The composition also

varies in its sensibility to ignition, thereby causing
misfires.

100. Low Tension Batteries. The low tension

or quantity batteries are not constructed to give a

spark, but to heat a piece of platinum wire placed
across the points of the wires of the fuse by means of

a current of low tension electricity (about 2 volts), in

the same manner as we see the wires of an electric

lamp heated, and thereby causes the ignition of the

priming composition in the fuse.

The advantage of the low tension battery is that

it will last for years without recharging or repairing,

but it has the disadvantage of being larger, heavier,

and more expensive (in first cost) than the high
tension battery ;

but this is of small account in an

operation going on continuously, such as engineering,
contractors' work, or sinking or driving headings, as
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the battery is not then required to be carried about

as it is in coal getting.

A quantity battery requires a larger cable than

a high tension one to fire many shots simultaneously

at a long distance.

TO i. High and Low Tension Detonators and

Exploders. Low tension detonators have several

advantages over high tension ones, because the

bridge being made of platinum wire, instead of a

powdered chemical composition, is more stable, more

accurate, and less liable to deterioration
;
and fur-

thermore (and this is the most important point) they
can be tested in a few minutes by means of a gal-

vanometer, and so proved to be good or bad. This,

on the other hand, cannot be done with a high

tension detonator, which, like a lucifer match, cannot

be said to be good or bad till it is fired. It is evi-

dent that there is a great advantage in being able,

before commencing work, to test the detonators, and

throw aside any of doubtful quality. A man going
to fire a hundred shots with high tension detonators

cannot say how many will fire or fail
; whereas a

man using low tension detonators can say, with

almost absolute certainty, that all the hundred will

fire, if he has tested them beforehand. This testing,

moreover, does not delay him, as a hundred could

be tested in a few minutes, and a galvanometer for

this purpose is not an expensive instrument, and the

use of it can be learnt in a few minutes.
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Fig. 74 shows a sec-

tional view of Abel's low

tension fuses with detona-

tor removed, and Fig. 75

a sectional view of Abel's

high tension fuses, as

manufactured by Messrs.

Siemens Brothers & Co.,

Ltd. Before firing, a de-

tonator of suitable power
is carefully inserted in the

orifice in the wooden head.

For high tension elec-

tric blasting, a Siemens

twistbar exploder, T class,

may be highly recom-

mended
;
and for low ten-

sion electric blasting, a

Siemens twistbar exploder

Q class.

Fig. 76 gives an inside

view of Siemens' magneto-
electric mine exploder,

which is built up of a

number of powerful per-

manent magnets, having
between their poles a

Siemens armature which

is rotated by means of a

M
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handle and toothed gearing. The working parts

are enclosed in a strong dust-proof case of polished

FIG. 76.

teak, which is fitted with a substantial handle for

carrying, also with terminals and firing key.

The mechanism of the exploder is so arranged,
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that current cannot possibly pass into the line while

the handle is being turned, until the press button or

key is pushed in.

It is desirable, however (see directions for the

use of exploders, Art. 108), to leave one leading

wire at the exploder disconnected until all the

connections at the shotholes are completed, and

until all persons have retired to a safe place. This

necessary precaution applies to all types of mine

exploders.

These exploders weigh from 1 1 to 28 Ibs., and

are designed to fire from 10 to 35 high tension fuses

in series.

Fig. 77 is an illustration (with cover removed) of

Siemens' dynamo-electric mine exploder, in which

instrument electro-magnets are substituted for the

permanent magnets of the magneto machines, and

have between their poles a Siemens armature

rotated as described above, and carrying a commu-

tator, by means of which the currents of alternate

direction generated in the armature are caused to

flow only in one direction through the coils of the

electro-magnets. These latter are in circuit with

the wire of the revolving armature, and during rota-

tion the residual magnetism of the soft iron electro-

magnet cores at first excites weak currents, which

passing into the coils, increase the magnetisation of

the core, thus inducing still stronger currents in the

armature wire. This accumulation by mutual action

M 2
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goes on until the limit of magnetic saturation of the

iron cores is reached.

The mechanism of this instrument is so arranged

FIG. 77.

as to break the short circuit existing in the instru-

ment after every two revolutions of the driving

handle, thereby causing the current to pass out into

the line, through the distant fuses and back by the
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return wire or earth to the instrument. The fuses

being practically either an interruption of the circuit

as in the tension fuse, or a great increase in its

resistance by the interposition of a badly conducting
substance as in the quantity fuse, the consequent

action is that either a spark passes between the

interrupted portions of the conductor, or the piece

of bad conductor becomes highly heated, causing

ignition of the explosive substance contained in the

fuse.

These exploders weigh from 28 to 73 Ibs., and

are designed to fire 28 to 50 high tension fuses in

series.

Fig. 78 illustrates Siemens' latest form of dynamo-
electric mine exploder in case, with lid open and

fuses in position, which they have given the name of

Twist exploder.

In external appearance the machine presents a

strong wooden case 14^ inches high, 8^- inches long

and 5! inches wide, with leather shoulder strap for

carrying purposes. The weight complete is about

26 Ibs.

Inside this case, Fig. 78, is firmly fixed a series

dynamo-electric machine, and on the axis of its

armature, which is vertical, is fitted a pinion, which

gears into a wheel mounted by a ratchet and pawl

coupling on a screw spindle or "
twist." The latter

is fitted to revolve in two bearings, and has rapid

screw-threads (similar to an Archimedean drill stock)
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engaged by a nut, which is on a cross-head connected

by two rods to a handle. These rods, which are

carried through guides, project through the upper

part of the machine.

The apparatus is worked as follows :

The lid of the case, which can be secured by means

of lock and key, is folded back on its hinges, expo-

sing the handle and the terminals. In firing, the

handle must first be pulled up slowly as far as it will

go ;
this causes the " twist

"
to revolve, but owing to

the interposition of the ratchet and pawl, the arma-

ture of the dynamo remains stationary. The ope-

rator then pushes the handle quickly down, causing

the " twist" gear and armature to revolve rapidly.

The current generated passes through the coils of

the magnets, through the lower contact spring and

bridge at the bottom of the machine, and through the

resistance coil at the side, thereby exciting the field,

and causing generation of increased current until the

cross-head strikes the upper spring, which is pressed

down into contact with the spring beneath, at the

same time breaking the contact at the bridge, thus

causing the current which is generated, and which is

now at its greatest strength, to pass by the terminals

into the cable, and to the fuses.

The operation is best performed by placing the

machine on the ground, and forcing the handle

sharply down with both hands. Care must be

taken that the terminals of the machine are not

touched by any person during this operation.
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1 02. Selection of Electric Fuses and Battery or

Exploder. Abel's detonator fuses, as manufactured

by Siemens Bros., are probably the best, but are too

expensive for very small blasts, in which case those

manufactured on the Nobel system are to be recom-

mended.

Siemens T exploders have been proved to

fire simultaneously the following numbers of

Nobel's standard and reliance fuses in parallel,

namely :

Exploder T 15 16 fuses
; exploder T 2 ,

20 fuses
;

exploder T3 , 25 fuses.

Up to 500 yards, the length of cable used makes

no appreciable difference, and no appreciable altera-

tion in the number of the above fuses which can be

fired simultaneously in parallel.

Siemens Q exploders have been proved to fire

simultaneously the following numbers of Nobel's

platinum fuses, coupled in series, and fired through
i oo yards cable with copper conductor, 040 of an

inch, namely :

Exploder Q lt 5 fuses
; exploder Q 2 , 7 fuses

;

exploder Q3 ,
10 fuses.

With very sensitive fuses (Abel's), and a strong

battery, the arrangement in series may be adopted,

but when these conditions are wanting, better results

will be obtained with the parallel arrangement. In

the series arrangement one faulty fuse may prevent

all or some of the others being fired, whereas in the
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parallel arrangement, each fuse is independent of the

other.

The batteries used may be either magneto-electric

or dynamo-electric machines. The former have

been designed to meet the demand for an econo-

mical and reliable machine for industrial blasting

operations, and may be most highly recommended
;

their price is about one-half of that of the dynamo-

exploders.

103. Choice of suitable Leading Wires and Cables.

The choice of the most suitable leading wires and

cables depends on the nature of the blasting opera-

tions that have to be undertaken and the distance

of the exploder from the shotholes. As a general

rule, tinned copper wires insulated with gutta-percha

should be employed for subaqueous work, and india-

rubber covered wires for surface blasting on land and

subterranean work. In cases where there is no

likelihood of damage being caused to the wires

leading from the exploder, unarmoured cables such

as Siemens No. 142, No. 5276, No. 143, No. 5278,

No. 7H, No. 7Q, No. 533 and No. 5274 can be used,

these requiring two separate lengths of wire from

the exploder to the shotholes
;
or Siemens' concentric

cables No. 5277, No. 5279, No. 5369 and No. 5275,

or twin cables can be adopted. These latter types

have the main and return wires together in one cable,

so only one length is needed for connecting the

exploder with the fuse. When the operations are of
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such a nature as to necessitate the use of armoured

cables, Siemens' types of cables No. 6385, No. 6386,

No. 6383 and No. 6384 should be used, the armour-

ing ofwhich can be utilised for the return half of the

circuit.

104. Precautions to be taken to ensure Insulation

of Joints and Wires. In electrical blasting it is of

the first importance that each joint in the fuse wires,

and the joints between the wire of each end fuse

and the leading wires or cables from the machine

should be so well protected as to avoid any chance of

earth contact or short circuit. The bared conducting

wires, after having been scraped clean, are twisted

together, and then, in the case of gutta-percha-

covered wire, slightly smeared with Chatterton com-

pound and covered helically with a narrow strip of

thin gutta-percha sheet, which is pressed by means

of moistened fingers around the twisted wires until

they are quite insulated. As regards india-rubber-

covered wires, the insulating material should be

removed for about one inch from the end, and a

short piece of india-rubber tube slipped over one of

the cores
;

the conducting wires are then cleaned,

twisted together, the india-rubber tube slipped over

them, and tied at each end tightly over the insula-

tion of each core. In situations where it might be

troublesome to cover the temporary joints in gutta-

percha wires in the way described above, the method

with the india-rubber tube can be employed.
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105. Testing Low Tension Fuses with Galvano-

meter. In testing low-tension (platinum) fuses with

the galvanometer, care must be exercised to put

the fuse several inches into an iron pot, pipe or

other suitable receptacle before connection is made

with the galvanometer. When this is done the fuse

wires are connected to the terminals. If the needle

moves, the fuse is good, and if it remains stationary

it is bad. Only one fuse should be tested at a

time. High tension fuses cannot be tested in this

way.

1 06. Fitting ofElectric Detonator Fuse to Charge.

The electric fuse is fitted to the last cartridge of a

charge in the following manner. A hole is made in

the cartridge by means of a small pointed wooden

stick, and the detonator, attached to the fuse, pressed

lightly into the hole until it is completely buried in

the cartridge, the operator then tying the cartridge

paper lightly over the wires with a piece of twine to

prevent the withdrawal of the fuse from the explosive.

The cartridge is then gently pressed into a borehole

by the wooden tamping rod, and the tamping carried

out in the usual manner.

107. Connecting of Wires to Fuses for Firing in

Series or Parallel. The method of connecting the

wires for firing in series or in circuit is illustrated in

Fig. 79, and Fig. 80 shows the method of attaching
four high- or low-tension fuses in direct contact or in

parallel. The same methods are applicable to any
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larger number of fuses that may be exploded by the

high- or low-tension battery employed.
For single shot firing the one wire of the fuse is

first connected to one end of one of the two conduct-

ing wires of the cable and the other wire of the fuse

FIG. 79.

to one end of the other conducting wire, and then

the other ends of the conducting wires to the two

terminals of the exploder.

For firing several shots in series or in circuit,

Fig. 79, the fuse wires are connected so that one of

the wires of the first shot, taken in the order of the

series in circuit, is connected to one of the wires of
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the second shot, and the other wire of the second

shot to one of the wires of the third shot, and so on

in succession until the whole series is so connected.

The second wire of the first shot is then joined to

one end of one of the conducting wires of the cable,

and the second wire of the last shot to one end of

the other conducting wire. Finally the other ends

of the conducting wires are connected to the ex-

ploder to complete for firing.

For firing in direct contact or in parallel, Fig. 80,

FIG. 80.

one wire of each fuse is connected direct to one end

of one of the conducting wires, and the other wire of

each fuse to one end of the other conducting wire,

whereupon the other ends of the conducting wires

are connected to the exploder as before.

1 08. Directionsfor Use ofExploders. The ends

of the leading wires for attachment to the exploder

must be scraped until a clean metallic surface is

obtained, then connected to the two terminals of the

exploder and tightly clamped by means of the milled

heads. It is advisable to leave one leading wire at
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the exploder disconnected until all the connections at

the shotholes are completed. The leading wires or

cables must be brought to a place where the operator

can stand in perfect safety from the blast.

To fire with Siemens' magneto-exploders, when

the final connection has been established, it is firmly

held down whilst the handle is turned several times,

and as soon as a good speed has been obtained the

press button at the side of the case is suddenly

pushed in while the handle of the machine is still

being turned at the highest speed, so that the maxi-

mum current of the machine is sent into the line.

The handle must not be turned slowly, as this would

produce a weak and uncertain current, and the press

button must not be touched till the full power of the

machine is developed, that is, when the handle is

being turned at the highest attainable speed.

In using Siemens' dynamo-exploders, before com-

pleting at the machine the final connection of the

current, the handle of the exploder must be slowly

turned until a click is heard. The handle is then

left at rest, the two leading wires are clamped to the

terminals of the exploder, then with two or three

rapid turns of the handle the current is developed,

and sent automatically into the circuit of the leading

wires and fuses. If the dynamo quantity exploders

are fitted with a press button or firing key, as in the

case of the magneto-exploders, in place of the auto-

matic firing arrangement the handle of the machine



AND THEIR GENERAL APPLICATION. 175

is rapidly turned, and when a good speed is got up,

the key is pressed down to send the current into the

circuit.

The working of Siemens' twist exploder is ex-

plained in Art. 101.

As regards the use of the rackbar exploder, the

connections of the cable to the two terminals of the

exploder should not be made until everything is

ready for firing, and all persons have retired to

safety. In firing, the handle must be pulled up as

far as it will come, and then forced down as quickly
as possible. These operations are best performed
when both hands are used together. The hand

must not touch the terminals of the exploder during

shot-firing.

Immediately after completing the firing the

operator should first disconnect the cable from the

exploder, then disengage it from any chance debris

which may have fallen upon it, and coil it up. This

instruction should be followed even when by defec-

tive manipulation a misfire has occurred.

1 09. Points to be attended to in Electric Blasting.

It may be well to point out that electrical blasting

has not been as successful as it should have been,

because it has been carried out by men with no

knowledge of electricity, and without any oppor-

tunity of learning the elementary principles. A
missed shot was immediately attributed to bad elec-

tric fuses, whereas it was often caused by an unsuit-
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able or insufficiently charged battery, an inferior

leaky cable, wrong handling, or dirty, verdigrised

implements.

To ensure success the following points must be

attended to :

1. That the battery, wire and detonators are

suitable to each other.

2. That the battery is of sufficient power.

3. That the electric fuses, especially high tension

ones, are stored in a dry place, and that everything

is kept as dry and clean as possible.

4. That all the joints are bright at the point of

contact of the wires, and well made, and that the

joints do not touch each other.

5. That the wires do not kink or twist so as to

cut the insulation during the process of tamping.

N.B. If the insulation is cut the fuse is useless

for wet ground or a wet hole, and should be set

aside.

6. That the operators' hands do not touch the

terminals of the battery when firing.

7. That the battery is not connected to the cable

until every man is in safety.

In cases where only short lengths of conducting

wires are employed, and these are frequently shifted

or subjected to such rough usage as would endanger
the insulation of the cable, the use of electricity of

small electromotive force is advisable, for this will

pass without loss through a cable with faults in the
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insulation, through which currents of greater force

would readily escape. In such cases, therefore, the

quantity exploder should be selected. On the other

hand, where the conducting wires remain for the

greater part of their length undisturbed, high tension

electricity is preferred, because its greater power of

overcoming resistance enables it to fire a larger

number of fuses through longer distances. On this

account the tension exploder is better suited for the

firing of a large number of fuses simultaneously

through long circuits.

N
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CHAPTER XIX.

ON EXPLOSIVES AND THEIR SELECTION FOR

ROCK BLASTING.

1 1 o. A Good Explosive must be reasonably safe

to handle, transport and store under ordinary con-

ditions, and allow of such amount of rough usage as

it may fairly be expected to meet with, and should

not give off actively poisonous gases or vapours, nor

deleterious ones, either before or after explosion.

in. List of Explosives for Rock Blasting. The

following explosives, which are divided into five

classes, fulfil the various requirements of strength,

safety, handiness and economy for rock blasting, and,

excepting rack-a-rock, were authorised for manu-

facture in, or importation into the United Kingdom
on January ist, 1897.

Class i. Gunpowder.

Ordinary gunpowder in grains or pellets.

Compressed gunpowder.

Class 2. Nitrate Mixture.

Chilworth special powder.

Dahmenite A.

Electronite No. 2.
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Fortiss explosive No. i.

Safety blasting powder.
Westfalite.

Class 3. Nitro -
Compounds,

Amberite No. i.

No. 2.

Ammonite.

Ardeer powder.

Ballistite.

Bellite.

Blasting amberite.

Blasting gelatine No. i.

No. 2.

Carbo-dynamite.

Carbonite.

Collodion cotton.

Di-flamyr.

Dynamite No. i.

No. 2.

Electronite No. i.

Faversham powder.
Guncotton.

Gelatine-dynamite No. i.

No. 2.

Kynite.

Lithofracteur.

Matagnite gelatine.

Nitrated guncotton.

Oarite.

N 2
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Potentite.

Primers for gelatines.

Roburite No. i.

No. 2.

No. 3.

Stonite.

Rosslyn blastite.

Schultze blasting powder.

Tonite, or cotton-powder, No. i.

No. 2.

No. 3.

Class 4. Chlorate Mixture.

In the United Kingdom there are no authorised

explosives of this class.

Rack-a-rock is an explosive of this class, of

which 240,399 Ibs. were used in conjunction with

42,331 Ibs. of dynamite for the removal of the Hell-

Gate Rocks in America in 1885.

Class 5.

Pure fulminate of mercury, either alone or mixed

with chlorate of potash, for detonators.

112. High and Low Explosives. For the pur-

pose of rock blasting, explosives have been divided,

as before explained, into two classes, viz.
"
high

"
and

"low." Class i is invariably low, but the others are

more or less high, according to their composition.
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From their action being comparatively slow, the

low explosives are most suitable for quarrying rock

and coal in large blocks, and the high explosives

when it is desired to shatter the rock and excavate

it in the most economical and expeditious manner.

The former are therefore generally adopted for

quarrying rock for building purposes, and the latter

for tunnelling, the driving of headings and levels,

and shaft sinking, when rock has to be excavated.

113. Infliience of the Strength and Density of an

Explosive on the Cost of Boring Holes. For blasting

hard rock, the economical value of an explosive

depends chiefly on its strength and density, as the

cost of the boreholes or chambers which have to be

bored will depend on these qualities. For instance,

if the density of ordinary gunpowder is i oo, and

of dynamite i
*

6, and the latter is two and a half

times as strong as the former weight for weight, the

relative size of chamber required for the dynamite

as compared with the powder will be = th.
I O X 2 S

Consequently, fewer holes will have to be bored for

dynamite than for ordinary gunpowder. The cost

of boring the holes is generally the most important

consideration in blasting hard rock, as it is the chief

item of the total cost, varying approximately in

inverse ratio to the comparative strength by volume

of the explosive used.

114. A very valuable quality for an explosive
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is that it should be plastic. A borehole cannot be

charged with any rigid explosive without bearing

air interstices, which cause a loss of blasting power.

115. Methods of Reducing the Shattering Effect

of the High Explosives. The shattering effects of

high explosives on rock may, when desirable, be

greatly reduced by either of the following methods.

a. By adopting such form of chamber as will

contain a small charge, and yet give a comparatively

large area of pressure therein to the gases from the

explosion.

b. By distributing the charge in several shot-

holes of small diameter spaced equally apart in

a row, and fired simultaneously, instead of one shot-

hole of larger diameter to do all the work, so that

the shock of the explosion is distributed in the rock.

c. By filling the shotholes in
(c) with water, and

firing a small quantity of the high explosive on the

top of each column of water simultaneously, so that

thereby only just sufficient hydraulic pressure is set

up in the holes to crack the rock from its bed.

The high explosives may, therefore, be advan-

tageously adopted for blasting rock for building

material, as well as for other purposes.

1 1 6. Advantages of Gunpowder. When the co-

hesion of a mass of rock is small, as when it is cut

up into blocks by joints or natural divisions, and

the rock is to be used for building material, and

boreholes of small diameter will contain sufficient
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gunpowder or low explosive to crack and eject the

rock from its bed, there is manifestly a great ad-

vantage in using this explosive, as it is cheaper and

has less tendency to shatter the rock.

117. Relation between the Maximum Lines of
Resistance which may be Blasted in Homogeneous
Rock with Shotholes of one diameter, charged with

different Explosives, and the Maximum Pressitres

developed by such Explosives. If the maximum line

of resistance be W, which a charge of one explosive,

when applied in a borehole of a given diameter,

will overcome in homogeneous rock, then it is evi-

dent that we can put for the resistance,

R = SWK i;

and, on the contrary, for a charge of another explo-

sive in the same rock, if the line of resistance be Wx

R! = S W x KL

The ratio of these resistances is

R
~

S W K L

' " W '

For the shearing force of the one charge we have

P = M A,

and for the other

P! = M! A.

M and Mj being the maximum pressures per unit of

surface that can be developed by the different ex-

plosives in the chambers in which they are applied.
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Hence, the ratio of these forces is

PI M.A MI
P

= MA := M '

To obtain the maximum effect from a blast, the

force must be just equal to the resistance, or we
must have P = R and P x

= R x .

Therefore

Pi Ri.
P

' '

R '

and as J = Mi andg = we have

__
M =: W '

Hence, the maximum pressures developed by

explosions in homogeneous rock of the same cohe-

sive strength are proportional to the maximum

lines of resistance that can be sheared by similar

volumes of charge exploded in boreholes of one

diameter.

The above relation may be used with great ad-

vantage for the testing of the comparative strength

of explosives for blasting.

1 1 8. Explosives most generally employed for

Rock and Coal Blasting. The following explosives,

which may be divided into high explosives, low

explosives, and safety explosives, are those most

generally employed for rock and coal blasting and

are, therefore, selected for description.
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High Explosives.

Dynamite.

Gelignite.

Gelatine-dynamite.

Blasting gelatine.

Tonite or cotton-powder.

Blasting amberite.

Electronite.

Low Explosives.

Ordinary gunpowder.

Compressed gunpowder.

Safety Explosives.

Ammonite.

Ardeer powder.

Bellite No. i and No. 3.

Carbonite.

Dahmenite A.

Electronite No. 2.

Roburite No. 3.

Westfalite.

119. Dynamite. Dynamite is an admixture of

nitro-glycerine with a porous infusorial earth called

Kieselguhr, which consists mainly of silica.

Dynamite No. i consists of about 75 parts by

weight of nitro-glycerine and 25 parts by weight of

Kieselguhr, and some other substances which are
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sufficiently absorbent to prevent exudation of the

nitroglycerine.

Dynamite No. 2 is milder and slower in its action

than dynamite No. i, and was introduced to compete
with gunpowder where the great power and local

shattering effect of No. i dynamite was undesirable,

for instance in slate and granite quarries, but it is

now little used in this country. It consists, according

to Major Cundell's *

Dictionary of Explosives/ of not

more than 1 8 parts by weight of nitro-glycerine mixed

with 82 parts by weight of a preparation composed of

nitrate of potassium 71 parts, charcoal not less than

10 parts, ozokerit i part.

Dynamite is a plastic mass varying in colour from

buff to reddish brown. The direct contact of water

disintegrates it with a separation of the liquid nitro-

glycerine, and when used in wet places it should be

protected from contact with water. When ignited

in small quantities it simply burns away fiercely, but

fatal accidents have arisen by warming it upon a

shovel, in an oven, and in various other ways. If it

be warmed up to a temperature approaching the

exploding point (about 350 F.), it becomes exceed-

ingly sensitive to shock or blow, and once that point

is reached, it does not simply ignite, but explodes

with great violence. It is exploded by detonators,

and it is of the highest importance that complete

detonation should be effected, not only to obtain the

full effect of the explosive, but to avoid the formation
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of noxious gases. In cold weather it congeals, and

must be thawed before use.

It is supplied in cartridges of any size, and has a

specific gravity of i
*

6.

1 20. Detonators. Detonators are metallic cap-

sules, usually of copper, resembling very long per-

cussive caps, charged with a small quantity of pure

fulminate of mercury, or a mixture of the same

with chlorate of potash, and occasionally other sub-

stances. They are usually made in eight sizes, and

according to their strength are numbered i to 8,

No. i being the weakest and No. 8 the strongest.

No. 3 detonators should be used for ordinary dyna-

mite, and Nos. 6 and 7 for blasting gelatine, gelatine-

dynamite, gelignite, tonite, blasting amberite and

electronite.

121. Gelignite. Gelignite is an explosive com-

pound consisting of nitro-glycerine and nitro-cellulose

with a certain proportion of nitrate of potash and

wood-meal, or, in other words, it is a form of gelatine-

dynamite, and is the latest form of the gelatinous

explosives invented by Mr. Alfred Nobel. Being a

plastic compound, it will on being tamped fit accu-

rately and easily into any borehole, thus entirely

preventing the formation of an air chamber, which in

the case of gunpowder and other rigid compounds

may reduce the explosive force by fully 10 per cent.

It is practically unaffected by immersion in water,

and when detonated by Nobel's gelatine detonators,
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which are required to develop its full energy, no

noxious fumes are produced by its explosion ;
and

being more insensible to shock than dynamite, it is

therefore a safer and even more reliable explosive ;

moreover, its action is slower and it has a much less

local shattering effect. Like all nitro -
glycerine

explosives it is liable to become congealed in cold

weather, and somewhat insensitive even at a tempe-
rature as high as 45 F., and is then unsuitable for

charging boreholes, but it can be safely and readily

thawed for use by putting the cartridges into a

watertight vessel, and then placing such vessel in

warm water. The specific gravity of gelignite is

I-55-

Gelignite is supplied in cartridges of any size, and

may be highly recommended for pitsinking, quarry-

ing and tunnelling, metalliferous mining, limestone

blasting, blasting in damp workings and for sub-

marine blasting and harbour or dock works.

The advantages of gelignite over dynamite are :

1. It is relatively cheaper.

2. Its explosive energy is greater by fully 12 per

cent.

3. It is practically unaffected by damp or sub-

mersion in water.

4. It is entirely free from noxious fumes when

properly exploded by means of gelatine detonators.

5. It is more easily manipulated because of its

greater plasticity.
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6. It is less shattering, and in quarrying, therefore,

it brings down the rock in much larger blocks.

7. It is more economical.

122. Gelatine-Dynamite. Gelatine-dynamite is

a compound of nitro-cellulose with a certain propor-

tion of nitrate of potash, and is much more powerful

than No. i dynamite. Miners who have tested it in

comparison with dynamite affirm that it yields results

fully 25 per cent, better than those of dynamite. In

appearance it resembles a thick jelly of a brownish

colour, and it is a plastic compound less tough than

No. i blasting gelatine, but otherwise similar to that

very strong explosive. This plasticity of the gelati-

nous compounds renders them very convenient for

charging boreholes, as their cartridges will much

more readily adapt themselves to the size of the

holes. In common with all nitro-glycerine com-

pounds it congeals in cold weather, when it is

unsuitable for charging boreholes, but it readily

assumes its original consistency when heated in the

hot water warming pan.

Gelatine-dynamite being more insensible to shocks

than dynamite, requires in order that the full strength

of the compound may be developed, to be exploded

by a stronger detonator than is used for dynamite.

The strong sextuple detonators manufactured by
Nobel's Explosive Company, Limited, should in-

variably be used for this explosive. The employment
of weak detonators, resulting in the consequent
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imperfect explosion of gelatine-dynamite, has led to

numerous complaints caused by the explosive giving

off disagreeable fumes, from which, with perfect

detonation, it is entirely free. Should sextuple

detonators not be at hand, dynamite primers and

ordinary detonators may be substituted, but the

necessity for following so inconvenient a method

should be avoided.

Gelatine-dynamite possesses in a high degree the

character of a safety blasting agent, and on this

account, and in view of its water-resisting properties,

it has been specially recommended by the Royal

Commission on Accidents in Mines in their report,

presented to both Houses of Parliament in 1891, as

the most suitable explosive for safety blasting in

coal mines. It is unaffected by direct submersion

in water, and this valuable property renders it

specially suitable for blasting in damp workings, and

for submarine blasting.

The following are the chief advantages possessed

by gelatine-dynamite.

1. It is very much more powerful than dyna-

mite.

2. It is relatively cheaper than dynamite.

3. It is unaffected by submersion in water.

4. It is, when properly exploded with gelatine

detonators, entirely free from noxious fumes.

5. It is a more convenient, more easily handled,

and more economical than dynamite.
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The specific gravity of gelatine-dynamite is 1*55,

and it is supplied in cartridges of any size.

123. Blasting Gelatine. This powerful explosive

is a compound of nitro -glycerine, of which it contains

93 per cent., together with a special quality of nitro-

cotton. Its disruptive force is enormous, being not

less than 50 per cent, greater than that of No. i

dynamite. In appearance it somewhat resembles a

thick jelly of a brownish colour
;
but some of the

qualities have various ingredients incorporated with

the jelly, with the object of modifying the force of

the explosion. In its normal state it is a tough

plastic mass having a specific gravity of i '55. Its

plasticity makes it very convenient for charging bore-

holes, as by squeezing the cartridges with a wooden

rod, they can be made to fill the boreholes com-

pletely. In cold weather it hardens, and loses its

jelly-like character. In this state it may be used

for open blasting, but it is not recommended to use

it frozen for charging boreholes, as its hardness ren-

ders it incapable of accommodating itself to the

inequalities of the hole, and attempts to force it

might result in accident. Frozen blasting gelatine

may be softened for use, with perfect safety, in the

hot water warming pans employed for thawing

dynamite. The effect produced by the explosion of

frozen blasting gelatine is more violent than that

produced by the explosion of the unfrozen material,

because the soft elastic blasting gelatine yields to
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the shock of the explosion, while the frozen material

does not.

Blasting gelatine is more insensible to shocks

than dynamite, and hence it is necessary to employ
for its explosion a stronger detonator than is used

with the latter compound. With the view of meet-

ing this requirement, gelatine detonators of a special

strength are supplied by the manufacturers, and

these should invariably be employed in order that

the full power of the blasting gelatine may be de-

veloped. If from any cause the gelatine detonators

cannot be obtained, a dynamite primer instead of a

blasting gelatine one may be used, and the charge
can then be readily exploded by means of an ordi-

nary detonator.

Blasting gelatine is adapted for blasting in very

hard rock, but it is at the same time better suited

than dynamite for blasting in mild or soft rock, where

a shattering effect is not required, because, although

the disruptive force of the former is much greater

than that of the latter, the transmission of the explo-

sion throughout its mass is less rapid. The enor-

mous power of blasting gelatine being developed

more slowly, the shattering effect of its explosions

is therefore less severe than in the case of dynamite.

Blasting gelatine is not damaged by immersion

in water, and it is therefore specially suitable for

submarine mining. When dynamite is immersed

in water, the nitro-glycerine begins to exude, and on
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that account, in using dynamite for subaqueous

blasting, special means must be employed to prevent

the escape of the nitro-glycerine. Water, on the

other hand, has no action on blasting gelatine, and

it may be exploded effectively, after lying for months

under water. It is supplied in cartridges of any
size.

The following distinguished authorities on ex-

plosive compounds have expressed unqualified ap-

proval of the No. i blasting gelatine manufactured

by Nobel's Explosives Co., Limited :

Sir Frederick A. Abel, C.B., F.R.S., Chief

Chemist of the British War Department, in an

address on Explosive Agents, delivered in St. An-

drew's Hall, Glasgow, on ist March, 1883, stated:

''It is in every respect the most perfect explosive

known."

Brigadier -General Henry L. Abbot, Corps of

Engineers, United States Army, after conducting a

series of experiments, extending over several years,

with explosives of every description, manufactured

both in America and Europe, concludes his official

report to the American Government thus :

" These

experiments show that this explosive is the most

powerful ever tested here, and that it is most admi-

rably suited to submarine mining."

When set fire to by a fuse, or by other means,

or when insufficiently detonated, blasting gelatine

burns rapidly without explosion, and gives off dis-

o
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agreeable fumes. This shows the absolute necessity

for using the powerful gelatine detonators to ensure

complete explosion.

The special advantages No. i blasting gelatine

possesses over dynamite may be summarised as

follows :

1. It is 50 per cent, more powerful than dyna-

mite, and is the strongest known explosive.

2. It is relatively cheaper than dynamite.

3. It is perfectly effective in water without using

the special precautions requisite in the case of dyna-
mite.

4. It is, when properly exploded, entirely free

from noxious fumes.

5. It is less shattering in effect than No. i dyna-
mite.

124. Tonite. Tonite, like dynamite, is one of

the "
high" explosives, but differs from the majority

of this class, inasmuch as it does not contain any

glycerine in its composition. It may be described as

a nitrated guncotton, the nitrate usually employed

being that of barium. For use it is compressed into

cartridges of various sizes and weights, which are

covered with brown paper steeped in paraffin wax to

render them impervious to water.

Tonite can only be fired by a specially prepared

detonator of a very strong character, ordinary de-

tonators being much too weak to effect this result in

the majority of instances. It does not freeze, and
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is consequently without this objectionable feature of

any explosive. It is strongly recommended for its

safety in transit, storage and manipulation ; may be

used in any climate, and gives off very little smoke

when fired. One of the greatest advantages of this

powder is that the holes need not be so large nor so

deep as those required by ordinary gunpowder ;

thereby saving a great deal of labour and expediting

the work. Another advantage is that it is quite free

from poisonous matter. It can be used in places

where gunpowder would utterly fail, such as in soft

beds, between two layers of rocks, or inserted in

fissures without any boring whatever. The strength

is about four times that of blasting powder, or equal

to No. i dynamite. The charges may be taken

to have a density of about 1*5. The cartridges

should invariably be stored in a dry place until

they are required to be used, as the quality of

this explosive is injured by moisture. Where the

cartridges have to remain in water for more than

five minutes, additional protection is necessary in the

shape of tin canisters, indiarubber bags, or water-

proof packing. Special appliances can be obtained

of the manufacturers for this class of work. The

following sizes of cartridges are always kept in stock,

viz. : i, i-J-, i, i^, if and 2 inch.

125. Blasting Amberite. This is a new and

powerful explosive, consisting of thoroughly purified

nitro-cotton, wood-meal and other ingredients, manu-

O 2
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factured by Messrs. Curtis & Harvey, Clyde Mills,

who claim for it the following advantages :

i* It contains no nitro-glycerine.

2. It will not become frozen in any weather.

3. It is in no way affected by changes of tem-

perature.

4. It contains no poisonous ingredient.

5. It is not affected by exposure to a damp

atmosphere.

6. It does not deteriorate in keeping.

7. It emits no noxious fumes on explosion.

8. It is not liable to explode from friction or

blows.

9. It may be used in wet boreholes, as the cart-

ridges are waterproofed.

10. It requires no more stemming than the other

higher explosives.

11. It is made up into cartridges of various dia-

meters and convenient weights.

12. The cartridges may without risk be cut in

two to give any desired length of charge.

The strength of the explosive is about equal to

dynamite, and it may therefore be used to replace

the latter in all kinds of work.

Cartridges are made of f, i, i-J-, i, i T
7
^ and

if inches diameter, being issued in two forms of

cartridges one "
plain" (viz. closed at both ends),

and the other "primers," which are left open at one

end to receive a detonator. It is important to have
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the cartridges of such size that they nearly fit the

borehole, or there will be great loss of force
;
but

they must not be too large to go to the bottom of

the hole. The detonator used must not be less than

No. 6.

The specific gravity of amberite is i 102.

126. Electronite. Electronite is a high explosive

consisting of blasting amberite mixed or impregnated
with carbonate of calcium, designed to afford safety

in coal-getting. This important end has been ob-

tained by using such ingredients, and so proportion-

ing them, as will ensure, on detonation, a degree of

heat insufficient under the conditions of a " blown-

out
"
shot to ignite firedamp or coal-dust. In dry

and fiery mines no explosive can probably afford

greater security. But to be safe is not the only

qualification required in a blasting agent for mining

operations. There are others of more or less im-

portance, according to the conditions under which

the explosive is worked. Among these the manu-

facturers claim the following are possessed by elec-

tronite :

1. It is smokeless.

2. It emits no noxious fumes on explosion.

3. It contains no poisonous ingredient.

4. It cannot become frozen in the coldest

weather.

5. It is equal in strength to the nitro-glycerine

compounds.
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6. It does not shatter coal, as many of the high

explosives do.

7. It cannot be exploded by friction or flame,

and is consequently perfectly safe to carry, store and

handle.

8. The cartridges are waterproofed.

Electronite is suitable for all kinds of blasting

operations. In hard rock it is as effective as

dynamite, and it gives very satisfactory results

where a rending rather than a shattering action is

required.

Electronite cartridges are supplied in three

lengths, namely, 4^, 6 and
*]\

inches
;
and in the

following diameters: i, i-J-, i^, ly^-and i finches.

It is important to use a sufficiently strong de-

tonator. Nothing less than No. 6 is strong enough.
Better results will be given by a No. 7. Weak de-

tonators will not develop the full power of the ex-

plosive.

The specific gravity of this explosive is o 806.

127. Ordinary Gunpowder. Gunpowder is a

mechanical mixture of sulphur, nitre and charcoal,

in the proportions of 62 to 75 parts of nitre, 9 to 20

parts of sulphur, and 9 to 18 parts of charcoal
;

the ordinary composition being 75 parts of nitre,

15 of charcoal and 10 of sulphur. Blasting pow-
der is a cheaper and inferior variety containing

less nitre and more sulphur and charcoal. The
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properties of gunpowder depend largely on its

physical characteristics, namely, the thoroughness of

the mixture of the ingredients ;
its gravimetric den-

sity; size and shape and glazing of the grains or

pellets; and the amount of moisture it contains.

An inferior and cheap powder is in some cases ad-

vantageous for quarrying (as when the chief object

is to shatter the rock as little as possible), as, owing

to its combustion being slower, its action in the

rock is not so violent as the more perfect explosive.

In all other cases the strongest and best powder
should be used. In wet ground gunpowder must

be used in watertight cartridges. Gunpowder is

more economical than the high explosives for "bull-

ing," which consists in filling the main crack or

fissure in a mass of rock cracked from its bed by a

previous blast with an explosive, and firing it to

further loosen the rock. Gunpowder is generally

preferred for quarrying rock in large blocks, and also

for blasting coal.

The density of coarse gunpowder in bulk is about

0-7.

Gunpowder may be fired by ignition or detona-

tion.

128. Compressed Gunpowder in Pellet-Biasting

Cartridges. These are cartridges of gunpowder
moulded into solid cylinders and perforated to admit

of their being strung on the safety fuse by which
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they are to be ignited. In charging the shotholes

these cylinders are in practice found to be very

convenient, a number sufficient for the charge having

only to be strung on to the fuse, the lower end of

which, cut slanting, should be doubled back, which

will retain it in its position, and the charge then

inserted in the hole. The charging in this way may
be effected as readily in ascending as in descending
holes. Other advantages are that the fuse cannot

be pulled out of the charge in tamping, and that but

little smoke is produced.

Compressed pellets are not only convenient to

handle and safe to use, but also very effective in

their action. The force of explosion being concen-

trated upon a small surface, the rending effect is

great, and more work is done by bringing out the

rock to the bottom of the hole
; moreover, these

pellets being slow to absorb moisture, they retain

their strength in damp holes. The central perfora-

tion allows the hot gases to pass down both on the

inside and the outside, as well as through the

interstices between the pellets, thereby igniting the

latter simultaneously at every point of their surfaces,

a condition favourable to the quick and complete
combustion of the powder.

The remarkably gentle lifting action of compressed

powder renders it very suitable for use in slate and

other quarries where it is required to move masses

of rock without shattering them.
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This powder is made in two qualities, viz. :

Compressed gunpowder pellet cartridges, i, IT
3
^-,

J i>
I TG> J f' l z and J 3 inches in diameter, and

E.S.M. compressed gunpowder (extra strong)

pellet blasting cartridges, i, iy\, i-J, if, i^ and

1 1 inches in diameter.

The specific gravity of the latter is i
*

646.

129. Safety Explosives, In order to prevent ex-

plosions of mixtures of coal-gas and air, and coal-

dust and air, in gaseous mines, due to the effect of

blasting with the ordinary explosives, so-called

flameless or safety explosives are employed. Hither-

to gunpowder has been most extensively used in

coal-mining, as owing to its combustion being gradual,

or comparatively slow, its action is rending or pro-

jecting, and not shattering, and therefore enables

coal to be blasted with a minimum of slack
;
but

this sole advantage has been far outweighed by
certain results which have proved fatal to life on

account of the heated products of combustion pro-

duced setting fire to mixtures of coal-gas and air and

coal-dust and air. Owing to the improved methods

of ventilation, the danger due to accumulation of gas

has been very much diminished, but on the other

hand the air has been charged to a greater extent

with fine particles of coal-dust, and it is now known

that such a mixture is easily ignited by a blown-out

shot of powder, and is capable of initiating a most

disastrous explosion. The use of gunpowder has



202 THE PRINCIPLES OF ROCK BLASTING

therefore been prohibited in certain coal mines by
order of the Secretary of State for the Home

Department, under Section 6 of the Coal Mines

Regulation Act, 1896, the permitted explosives being

the following :

Ammonite.

Ardeer powder.

Bellite No. i and No. 3.

Carbonite.

Dahmenite A.

Electronite No. 2.

Roburite No. 3.

Westfalite.

These explosives may be divided into'two classes,

firstly, the nitro-glycerine class comprising Ardeer

powder and carbonite
;
and secondly, the nitrate

of ammonia, class ammonite, bellite Nos. i and 3,

dahmenite A, electronite No. 2, roburite and west-

falite.

Ardeer Powder consists of 31 to 34 parts nitro-

glycerine, ii to 13 parts kieselguhr, 49 to 51 parts

magnesic sulphate, and a little nitre.

The high temperature produced by the explosion

of the nitro-glycerine is lowered by the presence
of magnesic sulphate, which salt contains a large

amount of water of crystallisation, the evaporation of

which, when the explosion takes place, absorbs a

considerable amount of heat. The proportion of
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magnesia sulphate present exerts, therefore, a most

decisive influence upon the degree of safety obtainable

by the use of this explosive.

This explosive is intended to afford to colliery

owners and miners a cheap and reliable means of

coal blasting. In addition to being free from any

complication of appliances, its safety qualities, espe-

cially the low temperature of the resulting products,

and the absence of any flame that can ignite fire-

damp or coal-dust, appear to give it an advantage
over other explosive compounds such as black pow-
der or tonite, and possibly explosives of the nitro-

benzol or ammonia class, such as roburite, securite,

bellite, &c., which are liable to change their character

from atmospheric influences.

When immersed in water this explosive possesses

the advantage of being practically unchanged and

non-exuding. In practice it is found to be more

than 50 per cent, stronger than blasting powder.
As Ardeer powder is intended for coal-getting

purposes only, care has been taken that the disruptive

power should be so modified as to secure the essential

advantage of bringing down coal in a round, lumpy
and marketable condition.

It is usually supplied by the manufacturers in

cartridges 5^ inches long by i\ inch in diameter, but

may be obtained when required in other sizes.

Electricity should be used for firing with Nobel's

No. 3 electric detonator fuses.
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The specific gravity of Ardeer powder is i 16.

It is important to note that Ardeer powder should

never be used in a hard or frozen condition.

Carbonite consists of under 2 7 parts nitre-glycerine

and not less than 73 parts of a mixture of wood-meal

not less than 40 parts, with not more than 36 parts

of the nitrates of potash, soda or baryta. The

average composition is nitro-glycerine 25 parts,

wood-meal 40 parts, and 35 parts of nitre (with some

nitrate at times).

It is a good substitute for blasting powder in

collieries, &c. H.M. Inspectors of Mines strongly

condemn the use of blasting powder in coal mining
as highly dangerous, and they recommend that a

high explosive practically free from flame, which

property is claimed for carbonite, should be substi-

tuted. It differs from the high explosives in being

slow-rending, and in this respect closely resembles

blasting powder, but is from 2 to 2 \ times stronger

than blasting powder. The manufacturers supply

it in cartridges of any size and weight, but the

usual sizes which are always kept in stock are

ii inch weighing 2 ounces, and i^ inch weighing

4 ounces.

Nobel's No. 6 Detonators are required to effect

its complete detonation, and in collieries the de-

tonators should be always fired by electricity.

The gravimetric density of carbonite is 1*12.

When hard or frozen it should be thawed in
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special warming-pans, as in the case of dynamite and

all other nitro-glycerine compounds.
The great danger of incomplete detonation of

explosives cannot well be exaggerated, especially in

dusty or fiery collieries, where there is always the

great risk of unexploded cartridges, or portions of

cartridges left unexploded, continuing to flame after

the detonator has exploded. It only requires the

presence of inflammable gas or coal-dust in order

to have all the conditions necessary for a serious

accident. See '

Reports of Flameless Explosives,

Committee of North of England Institute of Mining
and Mechanical Engineers/

Settle's patent gelatine-water cartridge is con-

sidered to be the best and safest system of blasting

for collieries, and may be obtained from Nobel's

Explosives Co., Glasgow, or their local agents.

The other safety explosives, according to the

official pronouncements of Her Majesty's Chief In-

spector of Explosives, are defined as consisting of

the following components :

Ammonite. 87 to 89 parts ammonic nitrate and

ii to 13 parts di-nitro-naphthalene.

Bellite. Probably about 80 parts ammonic ni-

trate and 20 parts meta-di-nitro-benzol. In the

schedule, No. i is stated to contain 79 to 81, and

No. 3 from 92" to 94 parts of ammonia nitrate.

Roburite No. 3. Defined as containing a mix-

ture of ammonic nitrate, di-nitro-benzol and chloro-
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naphthalene in such quantities that the chlorine

shall form less than i per cent, of the total mass,

which is practically identical with that licensed by
the Inspectors of Explosives. Another formula

gives it as consisting of 86 to 87 parts of ammonic

nitrate, and 13 to 14 parts of chloro-di-nitro-benzol.

Dahmenite A. Ammonic nitrate, naphthalene
and potassic bichromate, the latter not to exceed

2*5 per cent. Its actual average composition, as

used in practice, is said to be about 95 parts am-

monic nitrate and 4*5 parts of naphthalene.

Electronite No. 2. 90 to 91 parts ammonic

nitrate and 9 to 10 parts of wood-meal or starch.

Westfalite. Ammonic nitrate 90 parts, resin

5 parts, and potassic bichromate 5 parts.

According to the Reports of the Royal Commis-

sion on Explosions from Coal-dust in Mines, "the

so-called safety or flameless explosives are largely in

use in all parts of the country, and as the results of

practical experience, are generally pronounced to be

effective substitutes for gunpowder, and certainly

very much safer. Each of these compositions has

its advocates, and each is said to be flameless, or

practically so. As far as dust is concerned, the cur-

rent opinion appears to be that they are perfectly

safe, but there is a considerable doubt as to how far

the small flash or scintillation which many witnesses

say they display render them dangerous in the pre-

sence of gas."



AND THEIR GENERAL APPLICATION. 207

The safety explosives should comply with the

following special conditions :

1. The temperature of detonation must be as

low as possible.

2. The products of combustion must be non-

combustible.

3. The products of decomposition must not be

poisonous.

In using these explosives the cartridges should

be exploded only by the detonators recommended

for each of them, electric firing should be adopted,

and 20 inches of clay stemming used in the holes

to prevent flame, and thereby ensure the greatest

safety.

In blasting weak rock or coal with these explo-

sives, to obtain the best effect, and to prevent blown-

out shots, it is very important to proportion the

diameter of the hole inversely as the strength of

the explosive, or the shearing force of the charge

directly as the line of resistance, and also the length

of charge as the section of rock or coal to be blasted,

p c
in accordance with the formula ~ = ^ .

o
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CHAPTER XX.

INSTRUCTIONS FOR THE USE OF EXPLOSIVES.

130. Directions for using Dynamite, Blasting

Gelatine, Gelatine-Dynamite and other Gelatine Ex-

plosives. Unlike gunpowder, dynamite, blasting

gelatine, gelatine-dynamite, and gelignite require a

special mode of firing, which consists of a very

strong percussion cap, called a "
detonator," attached

to a safety or electric fuse. The fuse explodes the

fulminate in the detonator, which then explodes the

cartridge.

A charge is made as follows :

\st Operation. A safety fuse is cut clean and

inserted into a detonator, till it reaches the fulminate.

The upper part of the cap is then squeezed with a

pair of nippers (as shown in Fig. 81). The squeez-

ing should not be neglected, as it not only secures

the position of the fuse, but also serves to develop

the power of the fulminate. For use under water

great care should be taken to have the upper end of

the detonator made watertight (with grease, tar or

otherwise) where it joins the fuse, to prevent the

fulminate from getting damp.
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ind Operation. A primer or cartridge is opened
at one end, and the detonator, with the fuse already

attached to it, is pushed in so as to leave about one-

FIG. 81.

third of the copper tube exposed outside the cart-

ridge (see Fig. 82). The detonator is then securely
tied in that position. If the detonator is pushed too

far into the cartridge the fuse may set fire to the

FIG. 82.

latter before the spark can explode the detonator,

and unpleasant fumes may be the consequence.

Operation. One or more cartridges (as the
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height of charge may require) are inserted into the

borehole, and each squeezed with a wooden rammer

(as shown in Fig. 83) so as to completely fill out

the borehole. Never use iron in squeezing home

cartridges.

FIG. 83.

Operation. Over the charge, as shown in

the third operation, the cartridge, with detonator and

fuse affixed, is inserted, but not squeezed, and loose

sand or water is poured in as tamping (as shown in

Fig. 84). The charge is then ready for firing.

131. Directions for using Tonite. For tonite,

the fixing of the detonator should be done as de-
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scribed above under first operation, which is then

pushed down into the cartridge as far as possible.

The neck of each cartridge is furnished with a piece

of wire, which must be twisted firmly round the

fuse so as to make both fast together. The car-

tridge is then ready for use. Make sure that the

borehole is large enough to let the charge to the

very bottom, but it must not be too large, or else

power will be wasted. When used in wet holes,

the neck of the cartridge should be protected by
tar or grease, to prevent water getting to the

detonator.

p 2
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Where more than one cartridge is necessary to

charge a mine, put in the hole as many cartridges

as necessary (without detonators) and press them

gently, one after the other, so as to leave no space

between them
;
then introduce the cartridge con-

taining the detonator, press it down carefully on

account of the detonator inside, and tamp with clay

or sand in the ordinary way. Cartridges without

detonator holes are made for this purpose, but it is

preferable to use one large cartridge when possible.

In case the cartridges which a miner has in

stock do not fit the borehole, he can cut or break

them in pieces, and press them down the hole if

it is quite dry, reserving one of the top parts of

the cartridges for the detonator, which with such

part of cartridge is put in the hole last. The paper

casing of the cartridges need not be removed.

132. Directions for using Electronite and Blast-

ing Amberite. Be careful to use a sufficiently strong

detonator. Nothing less than a No. 6 is strong

enough. Better results will be given by a No.- 7

detonator. It is false economy to use weak deton-

ators, for they are incapable of developing the full

power of the explosives.

Electronite. Cut the string with which the neck

of the cartridge is tied, and having opened the neck,

make a hole in the explosive with a pointed piece

of metal rod or a stick, a little larger in diameter

than the detonator. An ordinary lead pencil is a
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handy and efficient instrument for the purpose.

Insert the detonator (previously fixed to the fuse

as before described) into this hole, to a depth equal

to at least half the length of the detonator, and tie

the neck firmly to the fuse. When there is water in

the borehole it will be necessary to put grease round

the neck to keep out the water. If more than one

cartridge is to be used for the shot, cut off the neck

of that one which is not to have the detonator,

about \ inch above the point where it is tied, and

put it into the borehole neck end downwards.

Grease the neck if there is water in the borehole.

Then push the cartridge in which the detonator has

been placed into the borehole till it comes in contact

with the other cartridge. Stem lightly for about

3 inches on account of the detonator
;
then more

firmly. Use cartridges which nearly fit the bore-

hole, but see that they are not too large to go to

the bottom.

Blasting Amberite. This explosive is issued in

two forms of cartridges, one "
plain," being closed

at both ends, the other "
primers

"
which are left

open at one end to receive the detonator. For

small shots a primer will often be sufficient, for

example, for breaking up boulders more will seldom

be required. For larger shots, put into the bore-

hole one or more of the plain cartridges, sufficient

to make up, with the primer, the required length of

charge, or height of explosive in the borehole.
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Then having securely fixed the detonator to the

fuse in the usual way, insert the detonator in the

hole provided for that purpose in a primer, taking

care to put it well down into the explosive, and tie

the neck of the primer firmly to the fuse with a

piece of wire or string. When there is water in

the borehole, tallow or some other kind of grease

should be put round the neck to make it water-

tight. The primer thus prepared is to be pushed

gently, on account of the detonator, down the bore-

hole till it comes into contact with the plain car-

tridges. Stem lightly for the first 2 or 3 inches
;

then with more force. Hard stemming is not

required.

When a whole plain cartridge would give too

heavy a charge, it may be cut in two, and only a

portion of it used. This should, however, not be

done when there is water in the borehole. Use

cartridges which nearly fit the borehole
;
but see

that they are not too large to go to the bottom.

133. Directions for Loading a Borehole with

Miner s Coarse Ordinary Blasting Powder. The

sludge from the boring of the hole should first be

removed by a swopstick, and the hole dried by
means of a wisp of hay, rag or tow passed through

the eye of an iron rod, and forced slowly up and

down the hole to absorb the moisture.

The powder is then poured into the hole through

a copper or tin tube, so as to reach the bottom with-
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out touching the sides of hole above the limit of

charge. If the hole be vertical or very steep the

powder will drop in very freely to the bottom, but

if the inclination be not very great, it must be

pushed down with a wooden ramrod. If the hole

be horizontal, a scoop or spoon is used which is

filled with powder, inserted gently into the hole,

and turned round at the end to deposit the powder
at the bottom. The powder is pushed compactly

to the bottom with a wooden ramrod. If the hole is

inclined upwards, a paper cartridge is employed to

hold the powder. In wet holes, watertight cart-

ridges must be used with fuse attached. Before

completing the charge, a Bickford safety or electric

fuse is inserted into the hole sufficiently long to

extend a few inches out of the hole, and the rest

of charge then added so that the fuse is fixed well

down in the powder. The charge is covered with

a little dry clay, and the rest of the whole filled and

tamped with clay or rotten stone crushed to a

powder. The first 3 inches of tamping should be

merely pressed down strongly with a wooden ram-

mer, and the rest tamped strongly as it is filled

into the hole with an iron rod tipped with copper,

which is struck gently with a hammer to make the

tamping as compact as possible. Care must be

taken not to cut the fuse in carrying out this

operation, and not to use materials that may strike

fire.
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134. Directions for using the Nitrate of Am-
monia Class of Safety Explosives. The detonator

should always be inserted in the end of the cart-

ridge nearest the mouth of the hole, and should

only be planted deep enough to be just covered by
the explosive. The end of the primer cartridge

should be opened to admit the insertion of the

detonator, which should then be secured by tying

the mouth of the cartridge up again with a piece

of string or wire. When possible, single cartridges

should be used for the charge ;
these are made in

weights varying from i to 16 ounces of various dia-

meters. When having two or more cartridges to

make up the charge, great care should be taken

that they are in perfect contact without any dust

between them. Cartridges should never be opened,

except for the insertion of detonators
;

if in proper

contact the whole charge should explode.

In charging holes the cartridges should be simply

pressed home, and not rammed at all, as when

rammed hard, not only is the cartridge broken but

the explosive is compressed, in which condition it is

more difficult to detonate. Any cartridge which

appears to be hard should be rolled or squeezed to

soften it before inserting in the holes. The stem-

ming or tamping used should be of a soft not gritty

nature, for fear of damaging the electric wires. The
first six inches should be rammed tightly, and then

the remainder of the hole rammed firmly. The
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total length of stemming should in all cases be not

less than 20 inches. In using ordinary paper cart-

ridges in wet holes it is necessary that the cartridge

should be again sufficiently protected against wet

where the detonator has been inserted, care being

taken not to damage the cartridge case in charging.
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CHAPTER XXI.

135. RECAPITULATION AND NOTATION OF THE MOST

IMPORTANT FORMULA.

d = Diameter of borehole in inches.

D = Depth of borehole in inches for shearing

resistance

= ^ + W = 6 d 4- W.
2

m Length of charge in any borehole for shear-

ing = 12 d.

N = Number of similar shotholes spaced a dis-

tance k apart in line parallel to a free

face, and fired simultaneously.

k = Distance between shotholes.

^= Chamber coefficient = ~= Ca W.
o

eW = Maximum distance that similar shotholes

should be placed apart when in line

parallel to a free face, and fired simul-

taneously, e =\2 84 -

A

,
= Coefficient of rock = ^ .

j X VV
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- Charging coefficient =

N.B. IfW be taken in feet Q, = 5969^Ca
3

.

W = Line of resistance in inches

A 6 ,= ^ o = -
T^r #.

Q.S 13 Ca

L = Weight of charge in Ibs. = CvW 3 = 5434

N.B. If W be taken in feet and d in inches

L = 5969^0.' W.
S = Periphery of charging chamber at right

^
angles to line of resistance = . .

^a. W
A = Projection of charging chamber = Ca S W.

G = Number of similar shotholes required in a

single exposed surface of rock when

angled to meet at a point to "unkey" a

line of resistance pW and placed so that

they make an angle b with the latter, W
being the line of resistance for one such

shothole parallel to a free face in the

same kind of rock

1 2 + cosec b .= - -p.
13

/! = Line of resistance for a shothole whose

diameter is d, and angle to line of resist-

ance by the line of resistance being unity,
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for a shothole whose diameter is i inch,

and angle to the line of resistance 90

12 + cosec b
'

q = Line of resistance for the combined shearing

force of N similar shotholes spaced a

distance k apart in line parallel to a free

face, when fired simultaneously, the line

of resistance forgone such shothole being

unity

= NS
2 {(m + No7

) + k (N i)}'

F = Sectional area of rock equal to resistance to

shearing p x 7'3%d
2
.

N = Number of holes required for headings or

shafts = 66.7 Ca == 4- 24. Ca V.

m v Length of charge for boreholes for a bed of

rock whose thickness / is less than eW
t m

M Maximum pressures developed by different

explosives. In similar holes charged with

the same volume of explosive ^ = *-.

L! = Charge required when th more explosiven

is required for a blast whose angle is b
y

than for a horizontal blast

_ i + sin b c W 3

~n~ " '
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CHAPTER XXII.

EXAMPLES OF ALL THE MORE USEFUL AND IMPOR-

TANT CALCULATIONS THAT ARE LIKELY TO OCCUR

IN THE DAILY PRACTICE OF ROCK BLASTING, AND

OF THE USE OF THE TABLES FOR FACILITATING

THE CALCULATIONS.

136. Example i. Line of Resistance, Depth of

Borehole, and Charge. For a blast in hard rock,

find the line of resistance, depth of borehole, weight
and length of a suitable charge of gelatine-dynamite,

and "approximate volume of rock which should be

dislodged if the chamber coefficient be *oi8, dia-

meter of hole \\ inch, and there are three free faces

at right angles to each other.

By reference to Table I. it will be found that

the line of resistance is 2 feet 4 inches.

According to Table III. the depth of i-J inch

diameter borehole required for a line of resistance

2 feet 3 inches is 2 feet 10 inches, and for a line of

resistance 2 feet 6 inches it is 3 feet i inch, and as

the mean of these lines of resistance is

2 ft. 3 in. + 2 ft. 6 in. = 2 ft
, ^
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the depth of borehole required for a line of resist-

ance 2 feet 4<| inches is

2 ft. io in. + 3 ft. r in. _ 2 ft. ;n .

Therefore in practice we should bore the hole,

say 3 feet deep.

The weight of gelatine-dynamite is given in

Table II., viz. "749 lb., or say f lb., which should

have a length of 12 x \\ inch = 13^ inches in the

hole.

Table VI. gives the approximate volume of rock

which would be blasted for a line of resistance of

2 feet 6 inches, viz. 36*46 cubic feet.

137. Example 2. Blasting a Bench of Rock.

What depth and diameter of borehole and line of

resistance will enable the whole height of a bench of

rock, 6 feet high, to be blasted so as to maintain a

level floor, gelatine-dynamite being employed, and

the coefficient of the rock with this explosive being
016?

The depth of borehole must be the height of

bench, viz. 6 feet, as any shorter hole would result

in a sloping floor.

The diameter of hole, and line of resistance re-

quired for the 6-feethole can be found from Table I.

by making the line of resistance plus 6 times the

diameter of the hole equal to the depth of borehole

or height of bench, in accordance with the formula
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D = W + - = W + 6rf.
2

In Table I. we cannot find any line of resistance

with its corresponding diameter to agree exactly

with the above formula for the coefficient *oi6,

therefore we must take the mean of the nearest

figures above and below, as follows :

Line of resistance + 6 times diameter of hole

= height of bench =72 inches.

Inches. Inches. Inches.

(1) 57*5 +6x2 = 69-50

(2) 61-09 +6x2! =73-84

2)118*59 2Hi 2)143*34

mean 59-30 mean 2 T̂ mean 71*67

It is therefore clear that a line of resistance of

59*30 inches (or say 5 feet), and a borehole having
a length of 6 feet and a diameter of 2^ inches, meets

the conditions of this case.

138. Example 3. Height of Step or Bench of
Rock. What height of bench should be worked by

i^ inch diameter boreholes when the chamber co-

efficient of the rock for the explosive to be used

is *O2 ?

The height of bench should be equal to the sum

of the line of resistance and half the length of charge,

and, as in Table I. the line of resistance for a i| inch

borehole when C = -02 is 34^ inches, the height of

the bench should be W + 6 d, or

34i + 9 = 43i inches.



224 THE PRINCIPLES OF ROCK BLASTING

139. Example 4. Charging Coefficient and Vol-

ume of Rock. Find the charging coefficient of a

i^ inch borehole, and the volume of rock which will

be blasted for one, two, three, four or five free faces

when gelignite is used, and the chamber coefficient

is *oi6.

Table I. gives the line of resistance 43 12 inches

3*6 feet, and Table 1 1 . the weight of charge
i

*

775 Ib. Hence the charging coefficient is

According to Table VI. the approximate volumes

of rock which will be blasted are

For one free face, \\W 3 = 62* 10 cubic feet.

For two free faces, if W3 = 77 76 cubic feet.

For three free faces, 2^ W 3 = 108* 70 cubic feet.

For four free faces, 3 W 3 = 139*80 cubic feet.

For five free faces, 4 W3 = 186-40 cubic feet.

It is important to note that these volumes have

the following ratio to each other :

i : ij : if : i\ : 3,

and that the same quantity of explosive is used in

each case to overcome the cohesive resistance of the

rock
;
moreover that the charging coefficient will

vary according to the number of free faces.

140. Example 5. Economy of Proportioning Depth
and Diameter of Borehole to Height of Bench of
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Rock. Supposing that it has been found that i inch

diameter boreholes 3 feet 6 inches deep so placed

to have a line of resistance of 3 feet with two free

faces, when charged with i foot or '543 Ib. of dyna-

mite, and fired consecutively, will blast a bench of

rock 3 feet 6 inches high ;
what then would be the

relative economy if shotholes of the same diameter

were used under like conditions for blasting a bench

of rock 6 feet high ?

It is clear that the depth of borehole required to

blast a 6 foot bench is 6 feet, and that the line of

resistance for this depth of hole should be the same

as for the 3 foot 6 inch one, as it has the same dia-

meter (namely 3 feet) ;
as also that it is necessary to

have the same length of tamping to blast away the

whole length of the bench of rock, and maintain

equilibrium of resistance on all sides of the charge.

The length of tamping required is

T = D - m,

T denoting the length of tamping, D the depth of

hole, and m the length of charge.

Consequently,

T = 3 ft. 6 in. - i ft. = 2 ft. 6 in.

The length of charge used in the 6 foot hole

must be
m = T - D

or 6 ft. 2 ft. 6 in. = 3 ft. 6 in.

Q
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This is three and a half times as long as that

used in the 3 foot 6 inch hole
;
hence its weight will

be

3i x -543 = i-Qlb.

On the contrary, the approximate volumes of

rock blasted will be

(A) By means of the i foot charge, 3^ x 3
2

= 31 J cubic feet.

(B) By means of the 3 foot 6 inch charge, 6 x f
= 54 cubic feet.

Then, as -3JL = = 1 1 1 foot of rock bored
34 54

,

per cubic foot of rock blasted, there would be the

same economy in boring ;
whereas the relative

economy in explosive would be as follows :

For (A) - = -01724 Ib. of dynamite per

cubic foot of rock.

For (JB)MJ^ 543 _ -0352 Ib. of dynamite per

cubic foot of rock.

Consequently, the working of a 6 foot bench

under the given conditions necessitates a consump-
tion of

(0352 -01724) IOQ

01724

= 104 per cent, more dynamite than the shorter

bench.

As, however, the conditions of rock-boring ne-

cessitate the holes being bored more or less conical
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for instance, the 3 foot 6 inch hole would be, say,

i^ inch diameter at top and i inch at bottom, and

the 6 foot hole if inch at top and i inch at bottom

the relative economy in boring would be more

favourable for the shorter holes than shown by the

above calculation.

This example shows the importance of boring

holes on correct principles to attain the greatest

economy in explosive.

141. Example 6. Maximum Distance between

Shotholes Fired Simultaneously. What is the maxi-

mum distance two shotholes of i| inch diameter,

which are to be charged with dynamite and fired

simultaneously, can be placed apart, parallel to a

straight free face, so that the whole of the intervening

rock will be carried away by the blast, if the chamber

coefficient for the rock be "02, and the length of

charge 1 2 df ?

According to Table I., the line of resistance should

be 34^ inches.

The maximum distance which the holes can be

placed apart may be represented by ^W in which

e = \/2'84r^, and as for a i^ inch hole S = 39

inches, we have

/2 "84 x 39
e = A/ I Z = i 8.

34*5

Hence the greatest distance between the shot-

holes should be

i *8x 34-5 = 62* 10 in. or 5 ft. 2TV in.

Q 2
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142. Example 7. Line of Resistance for Two

Shotholes Supporting Each Other. Calculate the

line of resistance for two 2 inch shotholes which are

to be bored 6 inches apart in line parallel to a free

face and fired simultaneously, if the chamber coeffi-

cient of the rock be '02.

Table I. shows the line of resistance for a single

2 inch hole to be 46 inches, and according to Table

IV. the line of resistance for two such holes 6 inches

apart is

i -53 x 46 = 70*38 in. or 5 ft. lof in.

143. Example 8. Economy of Shotholes Sup-

porting Each Other. What is the relative economy
in boring and in explosive by firing two 2 inch shot-

holes simultaneously under the conditions given in

Example VII., as compared with firing a single

2 inch hole in the same kind of rock, assuming that

there are three free faces in each case, and that the

holes are fired in benches of rock with charges of

dynamite ?

For the single shotholes we have :

i. (a) The line of resistance given in Example 7

46 inches = 3*83 feet.

(b) From Table II., the weight of charge
= 4*35 Ibs.

(c)
The charging coefficient =

3
= 077.

\J O/

And on the contrary for the two 2 inch shotholes

6 feet apart fired simultaneously :
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2. (a) The line of resistance given in Example 7,

70*38 inches =5*84 feet.

(6) The weight of the two charges = 4-35 Ibs.

x 2 = 8 7 Ibs.
Q . >.

(c) The charging coefficient = -. ^-r3= '044.
(5*^4)

Assuming then the relative economy in explosive

to be as the charging coefficient there will be a

saving of

(077 '044) 100
> '-1- mi- = 42^ per cent.

077

by the latter method of working.

It is evident that the length of the single hole

should be

3-83 feet+i-oo feet = 4-83 feet,

and of the double holes 6 feet apart,

5 84+ i oo = 6 84 feet,

Then, as the quantities of rock blasted may be

taken as proportional to the cubes of the line of

resistance, the comparative economy in boring will

be as

4-33 2(6-84)

(5'84)

3

or 20 '9 less boring will be required per cubic foot of

rock blasted by the second method of blasting with

two holes simultaneously.
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144. Example 9. Economy of Firing Shotholes

Simultaneously. What economy may be effected by
simultaneous firing of 2 inch diameter shotholes in a

bench of strong rock 6 feet high and 34 feet long,

it having been found by trial shots that the chamber

coefficient for gelatine dynamite is *oi8, and that

holes placed at a distance double the length of the

line of resistance
apart

will carry away the whole of

the intervening rock, as compared with the blasting

of the same bench of rock by consecutive shots with

holes of the same diameter ? It is evident that the

length of the shotholes should be 6 feet.

Table I. gives the line of resistance for a 2 inch

borehole as 4 feet 3 inches
;
hence the number of

holes required is

= 4 holes,
2 x

as illustrated in Fig. 85.

Table III. gives the weight of gelatine dyna-

mite required for a 2 inch hole, viz. 4*2 Ibs., and

therefore the total charge for the four holes will

be

4*2 Ibs. X 4 = i6'8 Ibs.

The volume of rock blasted will be

34 X 6 x 4^ = 867 cubic feet.

Consequently, each Ib. of explosive will blast

7 = 51*6 cubic feet of rock
16* 8
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On the contrary, the best result obtainable in

blasting with a single hole is that shown for the

lines of rupture for the hole /z, which is

i^ x 4^ x 4j x 6 = 162*54 cubic feet of rock.

* "V* I m ^-1
'

- J
*"

^T" JL-" 7^~ __" 1 ^Z -
-,'_ _ ^-, . . ZJ'"^. . _ . If

FIG. 85.

Hence, assuming each successive hole to blast

the same volume of rock,

1 = z i holes would be required.
162-54

Or each Ib. of explosive will blast l62>54 = 38*7
4*2

cubic feet of rock.

Therefore the economy effected in boring would

be
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D O

and in explosive

(51-6 38' 7) TOO- IJ - - 25 per cent.
o

145. Example 10. Number of Shotholes required

to Unkey a Face of Rock. How many boreholes

i inch in diameter, bored at an angle of 10 with the

line of resistance, should be employed to unkey the

end of a tunnel for a length of 3 feet 6 inches, the

chamber coefficient of the rock being '02, and the

holes being fired simultaneously ?

According to Table I., the line of resistance is

23 inches for a shothole i inch in diameter, placed

parallel to a free face when the co-efficient of the

rock is 'O2.

Then, according to the formula

,~ 12 + cosec b ,G= r3 *

in which G = number of holes, b 10, and / =

- inches.

13 23

Therefore three holes would have to be bored

to converge to a point, but as three shotholes are

capable of taking out a greater length of core than

3 feet 6 inches, it would be more advantageous to
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bore the three holes to converge at a point 4 feet

2 inches from the face of the tunnel, and thus to

make

G= I2 + 5'76 X 50

13 23

146. Example 1 1. Line ofResistance and Charge
in a Bed of Rock. Find the line of resistance, length

and quantity of charge for blasting a bed of rock

whose thickness is 3 feet, if \\ inch diameter bore-

holes and dynamite be employed, assuming the

chamber coefficient of the rock to be "02.

According to Table I., the line of resistance is

34! inches, and the length of charge 12 d 18

inches, when there is equal resistance on -each side

of the charge. In the example this is not the

case, owing to the thickness of the bed being less

than 2 W, and consequently [the length of charge

should be
t mm>

=
7w''

or as / = 36 in., W = 34^ in., and m = 18 in.

36m l
= 3 x 18 = 9*4 inches.

2 x 341

Therefore, as Table III. gives the weight of

1 8 inches dynamite, in a i^ inch hole as 1*833 Mb>

the weight of the 9-4 inches of such charge is

5x i-833 lb. = '957 lb.
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147. Example 12. Position, Depth and Diameter

of Boreholes in Jointed Rock. The granite in a

quarry being jointed as represented in Fig. 86, and the

distances between the "master" joints a, a^ and d b

and the bedding joints 6, b^ and a d being 10 feet and

-

FIG. 86.

8 feet respectively, whereas the coefficient of the

rock is, say '014 for dynamite, and "028 for powder,

and there being practically no cohesive resistance

along the joints ;
it is required to determine the

position, depth and diameter of the holes to be

bored for each explosive, and to adjust the same

so as to shatter the rock as little as possible.
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The best position of the main face of working
is evidently at right angles to the " master

"
joints,

as the blasts have to be arranged to fracture only

the section of rock included by the " master" and

bedding joints.

The holes should be vertical, and the line of

resistance a length
-

,
or as this may be put

equal to the distance between the " master
"
joints,

we have

eW 10
- = - - = 5 feet.

2 2

For this line of resistance (see Table I.), a

if-inch borehole is necessary for the coefficient

014, as for a charge of dynamite; and a 3l-inch

borehole for the coefficient '028, as for a charge

of powder. But as it is clear that there will

be no shearing resistance to be considered under

the given conditions, we may advantageously

employ, say twoM = - t inch diameter boreholes

<j

for blasting with dynamite ;
and say two =

1
1-

inches diameter boreholes for blasting with

powder instead, for the following reasons :

i. The rupturing force will be practically the

same, but the shock will be distributed, and its

shattering effect greatly reduced.
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2. There will be a great economy in the con-

sumption of the explosive.

3. It is more economical to bore holes of small

diameter.

4. The smaller quantity of explosive used will

be sufficient to loosen the rock.

5. The ballistic force will be less.

According to the formula F = ^ x 7*38 d2

,

the section F of rock which may be ruptured by a

J-|-mcn diameter hole is 14*82 square feet, if the

coefficient of the rock is '014, and 29*64 square

feet for a i|-inch diameter hole, if the coefficient

is '028, that is when the length of charge is twelve

times the diameter of hole
; therefore, with this

length of charge, as the section of rock to be

fractured is #2 , d, b^ c 10 x 8 = 80 sq. feet,

- = 6 or six 44 inch diameter holes are
14*82

required for dynamite, and

_ = 3 or three i inch diameter holes are
29*64

required for gunpowder, when the length of charge

is 12 d.

But as there is no shearing resistance, two holes

may be used in each case if the length of charge be

increased, namely, to

- = 33'75 in-= 2ft-9i in
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The depth of the holes should therefore be

4 feet + 2 feet

2

9*
'm- = 5 feet 4$ inches.

The charge of dynamite for the two j-| inch

diameter holes will be

2 x i 34 Ib. = 2*68 Ibs.

And of gunpowder for the two i|- inch diameter

holes,

2 x 3
*

36 Ibs. = 6*72 Ibs.

The two holes in each case must be fired simul-

taneously. They should be placed as shown in the

figure.

148. Example 13. Number of Shotholes required

for a Heading. If in rock whose coefficient is '03

for gelatine-dynamite a 7 feet x 7 feet heading can

be advanced 3 feet 6 inches with 20 i-|--inch diameter

holes, how many holes will be required to make the

same advance in a heading of the same size in rock

whose coefficient is *oi6 ?

In this case we have

NiQ.
N <V

Therefore the number of holes required is

N = OI
x 20 = ii holes.

030

N.B. The ii holes must be so placed that the

resistance to each is equal.
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If in a heading 7 feet X 7 feet worked on the

square cut system in rock whose coefficient of

strength is "024, 22
i-J-

inch diameter holes are

required to advance the heading 3 feet 6 inches, what

number of holes should sink 3 feet 6 inches in a

rectangular shaft 1 4 feet x 8 feet in similar rock ?

The number of holes are given by the formula,

N = 4 -24 q.V.

And as the volume of rock V which will be

blasted is

14x8x3! = 392 cubic feet,

N 4*24X '024x392 = 40 holes nearly.

For the method of placing the holes see Figs. 57,

58, 59, 60 and 61.

149. Example 14. Position of Chambers, and

Charge for a Large or Giant Blast. If the co-

efficient of the rock is
*

03 for coarse blasting powder
which has a specific gravity of o 7 in bulk, and one

pound of such powder will give the required ballistic

effect to three tons of rock (as found by trial blasts),

the specific gravity of the rock being 2*62, what

weight of charge and dimensions of chambers will

be required to blast a line of resistance of 50 feet in

a bench of rock, 150 feet long and 53 feet high, the

ends of which are open as illustrated in Figs. 87, 88

and 89, if each chamber be given a square section

at right angles to the line of resistance ?
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For shearing we should make the sectional area

of chamber at right angles to line of resistance

A = Ca S W, and we have for the chamber co-

efficient (see Art. 38)

A= = Q, W = -03 x 50 = 1-5.

FIG. 87.

//A>v>/<\\u '!'-<'i 11

FIG. 88.
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But we have for a square section of chamber

whose side is /. (Art. 38.)

A /

S
==

4'

Therefore =1*5 and
4

/ = 6 feet.

Hence the length of the chamber is 6 feet, and

FIG. 89.

its depth 6 feet, and the area A = 6 feet x 6 feet

= 36 sq. feet.

The width of the chamber will be determined by
the volume of the charge as calculated below.

The number of chambers required, as they may

be placed a distance of eW apart, is --7i and as
e W
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, -'848e = ^~w~
150 __

J 5Q

50
'

eW 5ox i' 16

= 2*6, that is, three chambers are required.

The volume of rock to be blasted is

150 x 53 x 50 = 397500 cubic feet.

For a specific gravity of 2 "62 there will be 13^

cubic feet in one ton, and consequently the weight

of the 397,500 cubic feet is

397500 = 29444 tons
o o

The weight of powder therefore required is

O

which is to be placed in three chambers, or

- - = 3272 Ibs. in each.
o

The volume of 3272 Ibs. of powder is

=75 cubic feet.
-

7 x 62-4

Consequently each chamber should have a

width of

= 2*08 = 2 feet i inch.

36

Therefore the cross section of each chamber

will be 6 feet X 2 feet i inch, and the shearing

R
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force of the charge corresponding thereto equal to a

line of resistance of

A 25 -8 feet.

The chambers should be situated at the base of

the bench of rock, and should be so placed that each

is given a line of resistance of 50 feet towards the

front face
;
the one midway between the end faces,

and the others so that the one chamber is 25*8 feet

from one end face, and the other chamber 25*8 feet

from the other end face. Consequently, the distance

between the central and each end chamber will be

40
*

2 feet or less than e W, which is a favourable

condition for the rupture of the intervening rock.

When such large quantities of explosive are used

great care must be taken to ensure an efficient blast.

The chief consideration is that the charge should be

able to overcome the resistance of the mass, and to

ensure this the chambers should be dimensioned to

enable the charges to overcome a considerably

greater line of resistance than the actual. For ex-

ample, if 1 5 per cent, margin be considered ample to

meet all contingencies, this will be provided by

increasing the side/ of chamber 15 per cent., namely
from 6 feet to 6*9 feet, and consequently making
the section of chambers opposite the front face, or at

right angles to the line of resistance, 6*9 feet x
6 9 feet. On the other hand, as the cubical contents

of the chambers must be the same in each case, the
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width of each chamber will be reduced from 2
* 08 feet

to i "58 foot.

The positions of the chambers are given in the

figures. An enlarged view of one of the chambers

is shown in Fig. 90.

FIG. 90.

N.B. If there were no shearing resistance, an

elongated form of chamber would be preferable.

The charge (in suitable packages) should be

placed in the chamber in a watertight deal box, of

R 2
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say i \ inch thick boards, and the open spaces between

the rock and the sides of the box filled completely
with fine sand

;
hence the dimensions of each cham-

ber which has to be excavated in the rock are :

Length 6 ft. 1 1 in. -f (2 x i in.)
= 7 ft. 2 in.

Depth 6 ft. ii in. + (2 x \\ in.)
= 7 ft. 2 in.

Width i ft. 7 in. + (2 x i| in.)
= i ft. 10 in.

In this case the chambers are best excavated by

driving horizontal headings, which must turn at right

angles at least once on their way to the powder

chambers, to prevent the tamping being blown out.

The size of the headings should be about 5 feet x

3 feet. If the ends of the bench of rock were not

open a vertical shaft would have to be sunk to the

central chamber, and headings driven from the

bottom of the shaft to the other chambers.

150. Range of Consumption of Explosive in

Quarries',
Tunnels and Mines. The results obtained

in practice, except under the most exceptional con-

ditions, are as follows :

(a) For small blasts in open workings, a con-

sumption of explosive ranging from \ to \ Ib.

of powder, and from
-j-

1
^ to |-

Ib. of dynamite per ton

of rock respectively.

(b] For large blasts in open workings, a con-

sumption of explosive ranging from ^ to | Ib. of

powder, and from J? to i Ib- of dynamite per ton of

rock respectively.
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(c)
For headings and tunnels, a consumption of

explosive ranging from ^ to 2 Ibs. of dynamite per

ton of rock.

The above figures show to what extent the con-

sumption of explosive may be influenced by the

structure and tenacity, or cohesive resistance, of the

rock, and the size and shape of the workings. The

quantity of explosive required in any case, when the

special conditions are given, may easily be calculated

as explained in the preceding examples.
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TABLE I. MAXIMUM LINES OF RESISTANCE W in Inches for Dynamite

Length of

Direction of

Diameter
Coefficients Ca.

of

Chamber
in inches.
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Charges in Boreholes calculated from the formula W =

Charge = 12 d.

blast horizontal.

cas
46

for

Coefficients Ca
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TABLE III.

DEPTHS OF BOREHOLES FOR SHEARING ACCORDING TO THE

FORMULAE

D=^+W and m=i2d.

Line
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TABLE IV. LINES OF RESISTANCE for two, three and four shot-

holes of the same diameter, and having the same length of

charge, situated a distance K apart from each other in line

parallel to the free face, when the line of resistance for one

such shothole is taken as unity, and the length of charge twelve

times the diameter of the hole.

Distance
K

between
holes.

Inches.
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/W \
TABLE V. RATIOS OF LINES OF RESISTANCE I -) for a Shot-

\W /

hole whose diameter is dlt length of charge 1 2 d^ and angle to

Line of Resistance b, the Line of Resistance being taken as

unity for a Shothole whose diameter is d = i in., length of charge
1 2 d, and angle to Line of Resistance 90 degrees, according to

the formula i =
-.

-^-3 *
.. yW (12 -f-cosec) ^

Angle b of
O "L 4-"U 1 rt
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TABLE VI.

APPROXIMATE VOLUMES (V) IN CUBIC FEET OF ROCK, WHICH
WILL BE BLASTED BY A CONCENTRATED CHARGE WHEN
THERE ARE ONE, TWO, THREE OR FOUR FREE FACES

(OPEN JOINTS MUST BE CONSIDERED AS FREE FACES).

Line of

Resistance
W in feet.
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TABLE VII.

APPROXIMATE VOLUMES OF ROCK IN CUBIC FEET WHICH WILL

BE BLASTED IN THE CASE OF STEPPED WORKINGS, TWO
FREE FACES AND SINGLE BOREHOLES.

V = w 3 + - W2
.

2

Line oi

Resist-

ance
in feet.
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TABLE VIII.

APPROXIMATE VOLUMES OF ROCK IN CUBIC FEET WHICH WILL

BE BLASTED IN THE CASE OF STEPPED WORKINGS, THREE
FREE FACES AND SINGLE SHOTHOLES.

V = | W 3 + | m W2
. f w = 9 </.

Line o

Resist-

ance
in feet.



AND THEIR GENERAL APPLICATION. 255

TABLE IX.

APPROXIMATE VOLUMES OF ROCK IN CUBIC FEET WHICH WILL

BE BLASTED IN THE CASE OF STEPPED WORKINGS, FOUR
FREE FACES AND SINGLE SHOTHOLES.

V = 2W3 + m W 2
. m = 12 d.

Line of

Resist-

ance
in feet.
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TABLE X.

APPROXIMATE VOLUMES OF ROCK IN CUBIC FEET WHICH
WILL BE BLASTED IN THE CASE OF STEPPED WORKINGS,
Two TREE FACES AND SIMILAR SHOTHOLES PLACED A
DISTANCE 2 W APART, AND FIRED SIMULTANEOUSLY.

Two shotholes, V = 3 W3 + | mW 2
. m = 18 d.

Line of

Resist-

ance
in feet.
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TABLE XII. CAPACITY OF ONE FOOT OF BOREHOLE
IN CUBIC INCHES.

Diam
of Bore-
hole in

Inches.
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TABLE XIV. USEFUL HYDRAULIC DATA.

One cubic inch)

of water . .
)

One cubic foot)

of water . . [

illon of IOne gallon of|

water

One ton of water =

One Ib. of water =

One cubic metre)

of water . . (

One cubic centi-)

metre of water)

One litre of water =

0361 Ib.

00361 gallon.
000016 cubic metre.

0164 litre.

0164 kilogramme.

62-355 Ibs. = *557cwt. = -028 ton.

6-236 gallons, or say 6J gallons.

0283 cubic metre.

28*3 litres.

28-3 kilogrammes.

10 Ibs. of fresh water, or 10*272 Ibs. of

salt water.

1 6 cubic feet, or 277 cubic inches.

4-54 litres.

4-54 kilogrammes.

0454 cubic metre.

36 cubic feet of fresh water, or 35 cubic

feet of salt water.

224 gallons of fresh water, or 218 gallons
of salt water.

1016 kilogrammes.
1016 litres.

i -0165 cubic metre,

oi 6 cubic foot = 27-72 cubic inches.
- 10 gallon.

4536 kilogramme.

4536 litre.

-0004536 cubic metre.

1000 litres.

1000 kilogrammes.

35-317 cubic feet = 61028 cubic inches.

220 gallons,

ooi litre,

ooi kilogramme.
06 1 cubic inch.

-00022 gallon.
0022 Ib.

i kilogramme,
ooi cubic metre.

2 2 gallon.

2^2046 Ibs.

'0353 cubic feet, or 61 cubic inches.

S 2
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TABLE XV. WEIGHT OF STONE AND MINERAL SUBSTANCES.

Description.
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TABLE XVII.

PRESSURE OF ATMOSPHERES IN LBS. PER SQUARE INCH.

Atmospheres
= Ibs. per sq. in.



264 THE PRINCIPLES OF ROCK BLASTING.

TABLE XIX.

PROPERTIES OF THE CIRCLE.

Circumference . . = diameter x 3 '141 6, or, x 3^.

Diameter . = circumference X '31831.

Diameter X ' 8862 .
= side of an equal square.

Diameter X '7071 .
= side of an inscribed square.

Diameter . = i 1283 Varea of circle.

Area = diameter squared X '7854.

Diameter . . . = Varea X 1-1283.

Length of arc . . = number of degrees X '017453 radius.

Sphere, solidity of . = diameter3 X '5236.



ADDENDA

(The Articles in this Addenda are numbered the same as those in the body

of the Work, to which the subject matter pertains.}

6. Crater Forms. From experiments principally made in earth,

the following sectional forms of craters are given by different writers

(Prof. H. Hofer on Blasting and Military Mining).

(1) Megrigny in the year 1686. The form of a trapezium,

which view was afterwards adopted by Proudhomme and

Lebrtm. In later times this form was abandoned.

(2) Vauban (1704). A right cone, in which the two oppo-
site exterior lines enclose a right angle, the vertex of the cone

being in the chamber. At first Vauban's cone found few

adherents, but more recently this form has been almost univer-

sally adopted by writers on military mines.

(3) Belidor (about 1730). A frustrum of a cone, to the

smaller base of which is joined a hemisphere (or more correctly

a calotte, which nearly equals a hemisphere).

(4) Valiere believed himself justified from excavations con-

ducted in earth mines, in assuming the section of the crater to

be a parabola whose focus coincides with the centre of the

chamber.

(5) John Muller (1757) combined the forms of Megrigny
and Valiere.

(6) The Swede Meldecreiiz (1749) contended that the crater

is bounded below by a catenary and at the sides by trajectories.

(7) E. Rziha (1866) was the first to point out that we are

able to establish, after excavations in an earth mine, almost

any form of crater which does not offend common sense. He
preferred, therefore, to study the craters in rocks of various

solidity, and taking for the crater form only the figure left by
the ejected mass, adopted the form given by Vauban. In the

softer rocks he assumed a sphere of compression to be formed

M
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around the explosion of the charge, and for such rocks the

crater form to consist of a compound figure, consisting of a

cone whose vertex is surrounded by a sphere. Hence, by

adding the sphere of compression to the crater he obtained a

bell-shaped form in compressible material, and a right cone in

incompressible masses (as any solid rock), where no sphere of

compression exists. In the sandstone formation of Saxo-

Bohemian Switzerland, he observed the bell-shaped crater

form at every blast in several hundred cases, while in the com-

pact granite of the neighbouring mountain chain, extending
from Meissen into the northern part of Bohemia, each discharge

produced a right cone.

For the solid rocks our observations are quite in accordance

with E. Rziha, viz. that they exhibit no sphere of compression.

Further, we are satisfied from our observations that there is

very little compression even in rocks having little cohesion,

such as sandstone. The amount of disintegration which

occurs around the chamber of a blast is dependent on the

friability of the rock, and the heat and pressure caused by the

explosion.

9. Prof. Holer's Theory of Blasting and Military Mining.
This theory is based on the assumption that the normal crater pro-
duced by a blast is a right cone, and that the waves of concussion

occur in rocks practically as in perfectly elastic media, and the

following conclusions are arrived at :

(1) That the cone of projection, or mass projected by an

explosion in a chamber O (Fig. i), with the same charge and

in the same rock will exhibit very different dimensions, accord-

ing to the line of least resistance that is the shortest, or

perpendicular distance from the chamber to the free surface.

If a certain depth, or rather length, of this line is exceeded,
the circular base lying in the free surface diminishes with the

increase of the line forming the height of the cone of projection,

and for a certain line of least resistance becomes zero. When
this occurs, the throwing effect of the explosion against the

free surface ceases the charge then rending the rock without

displacing the parts.

(2) That the shock of the explosion at O is transmitted in

concentric spherical layers having O for a common centre.

As this force is distributed over gradually increasing spherical

surfaces, it decreases per surface unit as the spherical surface
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increases. These are. therefore, inversely proportional. The

force/p acting upon a surface unit of a spherical shell ob^ is

to the force /, acting on the surface unit of the spherical shell

o b inversely as the- surface, or

/! : / = o b : ob^

If o &i has the radius R
1?
and o b the radius R, then

/! : / = 4 TT R2
: 4 TT Rj

2 = R2 : R
X

2

or

h
P

FIG. i.

Hence, the intensities of the forces acting upon the surface

units are to each other inversely as the squares of the corre-

sponding radii (distances from the chamber).

(3) A normal charge L would in a given medium produce a

cone of projection whose actual section A O B (Fig. 2), is a

right angle. At A and B the vertical component of the radial

force of the shock / would be just sufficient to displace one

particle. In the same rock, using the same explosive, but a

larger charge L1?
which is also a normal charge and produces

a normal cone, will be m times as large as L or i
L

m.

When the impulse in the chamber is m times as great, a

force m times as great as the former one ( / ),
will act at the

point B of the cone D O F
;
hence the radial force of shock at
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B and at all other elements o b of the spherical surface will

be mp.
In order to obtain a normal cone, Prof. Hofer says we must

increase the line of least resistance, which formerly was G O
= W, to E O = Wr A normal cone F D O then results, having
its base-angle (a) equal to that of the former. The same force

p will therefore act at F as at the first smaller cone of projec-

tion, so that its vertical component at F will be equal to the

former. As at F, so at every corresponding element of the

spherical envelope o b^ the radial force of shock is equal to p.
The sums of all the forces of the charge L

1? acting on the

spherical surfaces o b and ob^ must be equal; hence

or

4 TT R2 mp = 4 TT Rj

R2 m = Rj
2

Since the cone sides R = O B and Rj = O F belong to two

similar triangles B G O and F E O, it follows that

R : W :

so that we may place in the above equation

W2 m = Wj
2

Wj = W VIn
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That is : The normal lines of least resistance are to each other

as the square roots of the charges.

Prof. Hofer, therefore, concludes that the normal cones of

projection increase in a greater degree than the corresponding

charges, and he says, if the charge in the second case was

four times as large as in the first, a rock mass eight times as

large would be projected in the cone, since 4^4 = 8.

As proof of the truth of these deductions from his premises,

Prof. Hofer gives a few tests in special soils.

In the Appendix we give a special article to make clear the

wrong premises on which this theory is based in regard to

rock, from which it will be seen that it cannot be applied to

rock blasting. Attention should, we think, be called to its

fallacies, in view of the fact that a well-known mining journal

states that the results and experiments are the best available

at the present day.

1 2. Combined Shearing and Flexure Resultingfrom the Application

of a Force in a Chamber in Rock. Given sufficient free surface, E F

(Fig. 3) the two opposite exterior lines Ew and F# of the rock

FIG. 3.

ruptured by the application of the pressure of a blast in the chamber
m n, will enclose a right angle. The resulting pressure of the blast

tends to shear the rock along the lines m o and np perpendicular to

the surface of the chamber, the shear zone m op n therefore yields,

and causes a bending or flexure of the surrounding rock E m o and

F np. Such flexure will be nil close to the chamber and increase

proportionally to the distance of any layer a b from the chamber

before the rupture occurs. Let us suppose the chamber to be cir-

cular, then the mass of rock E m n F E, which would be ruptured by
sufficient pressure applied equally over the surface m n, is the frustrum

of a cone. We may consider this frustrum to be composed of an
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infinite number N of circular layers a b resting on one another, and

that when bent they neither lose their parallelism nor slide upon one

another. Then, according to the well-known theory of flexure for

materials, those layers which are on the convex side are extended,

and those on the concave side compressed, while a certain mean

layer undergoes neither extension nor compression. The extension

of the layers on one side and the compression of those on the other

increase gradually, so that those most distant from the free surface

undergo the maximum extension, and those nearest the free surface

the maximum compression. (Fig. 4.)

I L

FIG. 4.

In consequence there is very little movement along the line of

least resistance m o = np before the limit of ultimate strength is

reached by the layer nearest the chamber, which layer therefore rup-

tures first so that opposite lines of fracture are started from m and n

in the direction of m E and n F, which for all practical purposes
enclose a right angle, the continued movement of the central part

mopn successively bending each layer to the limit required to com-

plete the rupture of the mass E m n F. We, therefore, distinguish

between the central portion o in np and that surrounding it by calling

the former the shear-zone and the latter the flex-zone of the mass

ruptured. For any sectional element of a layer a b (Fig. 3) whose

radius is r, depth d and breadth
, assuming the force p producing

flexure to be applied at the centre, the moment of rupture by flexure

is:

pr = cbd*

r being the arm of the force, c a coefficient and b d* the moment of

flexure.

Substituting for b the circumference 2 ?r r corresponding to the

radius r we get the moment of rupture of the layer a b, namely :

p r = 2CTr r d"
1
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Therefore

p = 2 end?

That is, the force required to produce rupture by flexure is inde-

pendent of the radii of the layers, and therefore N layers of the depth
d will offer the same resistance to rupture as one of the thickness

N</, and the total force required to rupture N layers is

P = 2 <T

But

N</= W
and consequently

P = 2 <T7rW2

or for any other line of resistance W
x

P : P!
= 2 CTT W2

: 2 ^TT Wj
2 = W2

:

P /W \2
1 =r WiX

and

?!=(p Vw

As the forces are proportional to the resistances, this ratio is the

same as found for shearing (Art. 25).

In rock blasting, therefore, when the free surface is a plane and

the force of the blast is insufficient to shear the lines of resistance

E m and F
,
but equal to the line of resistance W = m o np,

rupture results from both shearing and flexure, but the controlling

factor is always the ratio of the shear-zone to the total pressure

thereon tending to shear it.

In this connection it is important to note that the total pressures

P and P! in the chambers acting to produce rupture depend on

the sectional areas of the chambers at right angles to the axes of

the shear-zones, whilst the resistance of each shear-zone is propor-

tional to the product of the periphery of the sectional area of the

chamber and the length of the line of least resistance, or S x W.

(Art. 37.)

25. The Forces in Blasting are Proportional to the squares of the

Lines of Least Resistance. Let P, be the maximum pressure deve-

loped by the explosive in a spherical chamber whose radius is r and

A = r2
TT, the area of the section of the chamber at right angles to

the line of least resistance W, then the resulting total force is

P = p A = P. TT r2
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The resistance, since the periphery of the chamber is S = 2 TT r,

is:

R = 2 TrrWK

K being the modulus of shearing.

Then making P = R, namely the force equal to the resistance, we

have :

w-lt
or

w-
2K

If the radius of the chamber is r
lt
and the line of resistance Wj

W1==^
2 K

and

= r, : r
2 K 2 K

or

W =
V

=
d~

d and d^ being the diameters of the chambers.

Hence the lines of least resistance are to each other as the

corresponding radii (or diameters) of the spherical chambers.

On the other hand, since

P = R
and

we have

P = 27rrWK
and

P!
= 2 TT r Wj K

or

PI _ 2 TT ^ W1
K = r

l
W

l

P
::

27rrWK
"
~rW

and therefore as

r
1 =

W
1

it follows that

W



ADDENDA.

It is easily proved that the same relations exist for cylindrical or

borehole charges, and therefore the resultant total forces (not the

forces per surface-units (Article 9, Addenda) as stated by Prof. Hofer),

acting at right angles to the free face, of properly proportioned

charges for the blasting of rock are to each other as the squares of

the corresponding lines of least resistance.

Let us now consider the transmission of the force per surface-unit

through the rock. The pressure on the walls of the chamber neglect-

ing the thermal conductivity of the rock and conditionally that the

charge fills the chamber may be taken as constant and equal to the

maximum pressure developed by the explosive. In a shear-zone it

is evident that each unit of its length offers the same resistance to

shearing and therefore the pressure transmitted decreases along the

same directly as the distance from the chamber. If then P^ repre-

sents the total pressure on a shear-zone in the chamber for the whole

line of resistance W and P
wl ,

is the total pressure transmitted to a

section of the shear-zone, whose distance is W
l
from the free face,

then

2 TT r W
x K

Pw Trr'P, 27rrWK
whence

A _ wi

p;

=
vr

P, being the pressure of the explosive per surface-unit in the

chamber and pl
the pressure per surface-unit on the section of the

shear-zone, whose distance is W
l
from the free face.

6 W
Since for any other distance W

2
we should have^ 2

,
it is

evident that

A" Wi

That is : The intensities of the forces acting upon the surface-units

of the sections decrease directly as their distance from the chamber.

Prof. Hofer, on the contrary, concludes that the intensities of the

forces acting upon the surface-units are to each other inversely as

the squares of the corresponding radii (distances from the chamber),
which cannot be admitted.

28. Maximum Pressures Developed by Explosives. If the maxi-

mum pressure developed by an explosive is P,, K the modulus ot



x THE PRINCIPLES OF ROCK BLASTING.

ultimate strength of the rock, r the radius of a spherical chamber,
and W the line of least resistance, then according to Art. 25

(Addenda)
2 K W
~PT

Suppose P
#
= 12,000 kilogrammes per square centimetre, or

12,000 x 2-2 x 6*45 = 170,280 Ib. per square inch and the modu-

lus of ultimate strength of the rock to be 4000 Ib. per square inch,

then if the line of least resistance to be ruptured is 30 inches, the

radius of spherical chamber, or charge required, is

f= 2 *4x 3 =I . inch
170280

The diameter of the charge would then be 2-82 inches, and the

quantity of charge (if one of the dynamite compounds)

5236 x (2'82)
3 x -03612 x 1-55 = -66 Ib.

This example shows that the charge for a blast in rock could be

directly calculated, if we knew the maximum pressures developed by
the different explosives under ordinary working conditions, and the

modulus of ultimate strength of the different rocks.

53. Best Lengths for Borehole Charges. As the length of a bore-

hole should be equal to the sum of the length of the line of least

resistance and half the length of charge, it is evident that the cubic

contents of a properly proportioned shot-hole, putting W for the

length of the line of least resistance, m for the length of charge, and

d for the diameter of bore-hole, should be

7854 [W
+ 5

and if the borehole is drilled at an average cost of B pence per

cubic inch, its cost will be

7854

Since the length of charge may be given in terms of the diameter

of the borehole, by making m = n d, the cubic contents of the charge
will be

and its cost, putting E for the cost per cubic inch of the explosive

(including fuse and detonator)
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Therefore for the relative cost, pv of unit-volume (cubic inch) of
rock blasted we can put

But W - -A nd
C S 2C (n + i)'a a x

and substituting in (eq. i) we get

6-2832 C

A blast in a borehole will evidently give the greatest efficiency
is a minimum in the above equation.

Differentiating therefore with reference to n we obtain

-[- 3
-

2]
-

2

and n = x/ -

*
-

!
+ ?t + i (eq. 3)

T>

If the ratio- =

(eq ' 4)

Example. If for gelatine dynamite the coefficient C
a
of the rock

is '012, the cost E of the explosive '6d. per cubic inch and the cost

B of drilling the rock "27^. per cubic inch, what length of charge

should be used to obtain the greatest economy in the blasting of

the rock ?

Since ^== -

2
-? = '45,

012 [2 + -45]

n = 6-28.

61
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Hence the length of charge in this case should be 6*28 times the

diameter of the borehole.

The price of *
6</. per cubic inch for the explosive corresponds to

a price of ioo/. per ton for gelatine dynamite and gelignite.

Experience shows that the cost of drilling the rock is approxi-

mately proportional to its hardness and fineness of grain, and for

different rocks whose coefficients are Ca and Cal and costs of drilling

B and B1}

B:Bi: :Ca :Crtl

or

B
'a\

(eq. 5)

The cost of drilling with a lo-drill plant may be taken under

ordinary conditions as follows

Compressed air costs per machine drill with 10-

drillplant
Fuel for compressing 75 cub. ft. of free air per
minute to 70 Ib. pressure, 2 cwt. at 2os. . ,0

Water, 18 gal. at say qs- per looo gal. . o
Oil and waste ...... o

Labour, 2 men at 5-r. per shift = per drill . o

Depreciation on ,2000 at 10 % = ,200, or

I3J, 4*/. per day, or ibd. per drill, which

apportioned over two shifts . . . o

Piping, say o

d.

Compressed air charges per drill per shift

Rock drill costs

Oil ... . o
Labour, 2 men at 5*.

Upkeep .

Steel waste

Smithing

Administration ....
Total cost per drill per shift

060

o 10

3
o o
o i

15
O 2

.140
In hard rock, whose coefficient is say "02 with gelatine dynamite,

a good machine drill will bore 8 holes per shift, having an average

depth of 54 inches, and finishing with a diameter of ij inch at

bottom. Then as i \ inch is the useful diameter of the bore hole

for the cubic contents of the 8 holes, we have

8 x 54 x (i'5)
2 x -7854 = 763-4 cubic inches.

The cost is therefore

JL^~ = "3773^. per cubic inch.

7 63'4
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Substituting this value in Eq. 5

B = 11ZZ3 c^
= !8-865 Ca

and consequently

Therefore, by (Eq. 4)

=i-i v/lAZl8 - 8 <

v 2 E+ i8'865
for the given value of b.

Therefore, when Ca
=

'015 and E = '6

/ 2 X 18-865
*

/v / ~
. r 1 + 2 = 5*76.

Allowing an increase of 25 per cent, in the cost of drilling

B = '3775 x 1-25 ^ _ 23
. 6 ^

and

_
2 x -6 4- [23'6 x '015]

As an example, taking different lengths of charges a, b, c for a

i\ inch diameter bore hole in rock whose coefficient is '015,

we get the following figures :

Charge.
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Hence the relative cost per unit of rock blasted is

(a)

<*)

W

(d)

28-75
* T rt

(42 -oi)
3

29* 90 + 9* 96

(43 *n)3

30*91 + 11-51

(43 -95)
3

74141
1Q-86

= '0005005^.

= '0004975^.
80119
42*46= -- = '0005002^.
84894

- '0005449^.
(46 -i6)

3
98355

The cost per unit of rock blasted is therefore a minimum when
# = 6*26, the increased cost for the charge whose length is i2d being

[0005449- -0004975]

0004975
Under the given conditions the greatest economy will be obtained

when the length of charge is 6-26 times the diameter of bore hole.

Since for a length of charge = i2</. W = -A
,
and for a length

per cent.

of charge = 6d. W
,
the lines of resistance given in Table I.

must be reduced for the latter by multiplying by the factor

With regard to the length of charge being limited as above, it

must always be remembered that this appertains only to charges which

are required to shear the rock, in other cases the length of charge
should be proportioned as explained in Chapter XI.

The preliminary report of the Geological Survey of Canada gives

the following as the costs per ton of ore extracted in Rossland,
British Columbia.

-
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TABLE SHOWING VARIATION OF LENGTHS OF CHARGES ACCORDING TO
COEFFICIENT OF ROCK AND COST OF DRILLING AND EXPLOSIVE.

Coef- Cost of
ficient of Boring
Rock per cub.
Ca. in.

1
B
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EXPLOSIVE IN SECOND SCHEDULE.

Bickford's Igniter Fuse.

(i) 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, or which are not naturally wet throughout, all explosives

other than the above are prohibited under the explosives in Coal

Mines Orders of the iyth December, 1906, 8th April, 1907, 26th

May, 1908, and 2oth August, 1908.

In all such mines, or parts thereof, the use of permitted explo-

sives is prohibited unless the following conditions are observed :

(a) Every charge shall be fixed by a competent person,

called the shot-firer, appointed in writing for this duty by the

owner, agent, or manager of the mine, and not being a person

whose wages depends on the amount of mineral to be got.

(b) Every charge of the explosive shall be placed in a

properly drilled shot-hole and shall have sufficient stemming,
and each such charge shall consist of a cartridge or cartridges

of not more than one description of explosive.

(c) No cartridge shall be used unless it is marked with the

outline of a crown with the letter P in the centre, and in addi-

tion thereto the words " Permitted Explosive."

(d) No charge shall be fired except by means of an efficient

electrical apparatus so enclosed as to afford reasonable security

against the ignition of inflammable gas, or by a permitted

igniter-fuse as defined in the Order.

(e)
Where the charge is fired by an electrical apparatus,

the shot-firer shall not use a cable for the purpose which is

less than 20 yards in length. He shall himself couple up the

cable to the charge and shall do so before coupling the cable

to the firing apparatus. He shall also himself couple the

cable to the firing apparatus. Before doing so he shall see

that all persons in the vicinity have taken proper shelter.

Should the charge miss fire, he shall immediately dis-connect

the cable from the firing apparatus.

(/) Every electrical firing apparatus shall be provided with

a removable handle or safety plug, or push button, which shall

not be placed in position or operated until the shot is required

to be fired and which shall be removed or released as soon as

a shot has been fired. The removable handle or safety plug

shall at all times remain in the personal custody of the shot-

firer whilst on duty.
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(g) Each explosive shall be used in the manner and subject
to the conditions prescribed for the same.

(ft) Where two or more shots are being fired in the same

place, and such shots are not fired simultaneously, the shot-

firer shall make an examination for gas immediately before the

firing of each shot, and shall not fire the shot unless he finds

the place where the shot is to be fired and all contiguous
accessible places within 20 yards free from gas and safe for

firing.

This order does not, however, prohibit the use of 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.
In every coal mine the use of any explosive is prohibited in the

main haulage roads and in the intakes unless all workmen have been

removed from the seam in which the shot is to be fired, and from all

seams communicating with the shaft on the same level, except the

men engaged in firing the shot, and in addition such other persons
not exceeding ten in number as are necessarily employed in attending
to the ventilating furnaces, steam boilers, engines, machinery, wind-

ing apparatus, signals or horses, or in inspecting the mine
\
or unless

a permitted explosive is used when the mines are not naturally wet

throughout, and every part of the roof, floor, and sides of the main

haulage road or intake, within a distance of 20 yards from the place

where it is used, is, at the time of firing, thoroughly wet, either

naturally or from the application of water thereto.

The above does not apply to such portions of the main haulage

roads and intakes as are within 100 yards of the coal face.

Detonators are not allowed to be used in or taken for the purpose
of use into any mine unless the following conditions are observed :

(a) Detonators shall be under the control of the owner,

agent, or manager of the mine, or some person or persons

specially appointed in writing by the owner, agent or manager,

for the purpose, and shall be issued only to shot-firers or other

persons specially authorised by the owner, agent, or manager,
in writing.

(b) Shot-firers and other authorised persons shall keep all

detonators issued to them until about to be used in a securely

locked case or box, separate from any other explosive.

In the case of a shaft being sunk from surface, primers for

charges may be fitted with detonators on the surface before being
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taken into the shaft, provided the primers are so fitted in a workshop
established under the Explosives Act, 1875 (section 47), and are

only taken into the shaft immediately before use by the shot-firer

or other authorised person and in a thick felt bag or other receptacle

sufficient to protect them from shock.

Mines of clay or stratified or nodular ironstone are excluded

from the regulations, also shafts in course of being sunk from the

surface, or deepened, or drifts and other outlets being driven from

the surface in so far as no inflammable gas (or indications thereof)

has been found.

The owner, agent, or manager, must take all reasonable means

to prevent deterioration of the explosive or igniter fuse while stored,

and should obtain a written certificate from the maker that each

explosive complies with the terms of the Act.

According to the report of the Inspectors of Explosives the

consumption of safety explosives in Great Britain for the year 1907

was 7,764,122 Ib.

Out of this total were used :
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APPENDIX

A translation by Capt. C. W. Raymond, Corps of Engineers,

U.S.A., of a paper on the Theory of Blasting and Military Mining,

by Prof. H. Hofer, of Przibram, in 1879, was issued to the U.S.

Corps of Engineers in 1881 on the recommendation of the Board

of Engineers for Fortifications, River and Harbour Improvements,
etc.

This paper reviews briefly the question of crater forms and their

varieties dependent upon the nature of the rock or earth blasted,

assuming the right-cone crater to result with normal charges, that is,

with charges arranged with lines of resistance to produce the

maximum volumes of displacement, also that by increasing the line

of resistance of a charge beyond such length as will give the

maximum displacement, the angle enclosed by the exterior lines of

the resulting crater will be less than a right angle and for the maximum

length of the line of resistance becomes zero.

The cone-shaped cavity formed by a blast with a concentrated

charge is called a "
crater of projection," and the mass displaced, a

" cone of projection."

According to the theory, the cone of projection attains its maxi-

mum, or the blast ejects the largest volume, when the quotient of

the line of least resistance by the base-radius is equal to 1-11805,
or when the angle at the base of the cone is equal to 48 n' 22-8."

Prof. Hofer says,
"

It has been already accepted for centuries that

in a crater of projection corresponding to a normal charge and

only such are considered by engineers the line of least resistance is

equal to the base-radius, or what is the same thing, the angle at the

base is 45. This value, confirmed by many experiments, agrees

very well with the theoretical value, as the small difference of about

3 may be regarded as an error of observation. This may readily be

accepted in military mines, as their craters have to be excavated in

consequence of the falling back of most of the debris into the mine."

This conformity between theory and practice, Prof. Hofer claims,
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is of the highest importance for the whole

theory of blasting or military mines, and
that it is a confirmation of his fundamental

assumption that the transmission of the

waves of concussion occurs in rocks practi-

cally as in perfectly elastic media, or at

all events this view is admissible for those

spheres within which occur the destruc-

tive effects desired alike by miner and mili-

tary engineer. Although military mines for

which this conformity was determined are

generally situated in loose ground, Prof. Hofer

considers these laws of transmission are even

more applicable to the rocks with which

miners usually have to deal.

Although it is a well-known fact in the

blasting of rock that the maximum displace-

ment corresponds to the maximum line of

least resistance that can be blasted, Prof.

Hofer says, "With the same charge and

in the same rock the cone of projection will

exhibit very different dimensions, accord-

ing to the line of least resistance, that is the ,

shortest, or perpendicular distance from the /
chamber to the free surface. If a certain /
depth, or rather length, of this line is ex- /'
ceeded, the circular base lying in the free /

surface diminishes with the increase of the
o(=
\

line forming the height of the cone of projec- \
tion, and for a certain line of least resistance

becomes zero. When this occurs, the throw- \

ing effect of the explosive against the free

surface ceases." That is to say, the blasting

of the maximum line of least resistance pro-

duces the minimum amount of displacement /

of the rock. Let us see what actually occurs /

if equal concentrated charges be fired, say, /
in any solid rock as indicated by Fig. 5. /

Suppose B A C to be the maximum crater <^

of projection, then any increase of the line \

of least resistance W, will have the result that \
there will be no displacement of any part of

\

\
\
\
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the rock or the throwing effect of the explosion against the free

surface ceases. Reducing now the line of least resistance for the

same charge, we obtain first a crater C B D similar in every respect

to the crater BAG, and then, for the charges C and D, the craters

D C E and E D F, in which the angles contained by the two

opposite exterior lines are greater than a right angle. The ex-

planation of this is that the length of the side of a crater cannot be

less than the maximum line which can be sheared by the charge,

viz. W, in the crater BAG. This, however, refers only to concen-

trated charges in spherical chambers in which the force of the blast

is exerted equally in all directions, as its action is so sudden that

there is no time for the less resistant part to yield before the full

effect is felt on every part of the chamber. If, however, the chambers

were disc-shaped, with their flat surfaces parallel to the free faces B C,

C D, D E and E F, right cone-craters would be obtained in each

case.

A crater, therefore, cannot be blasted in rock whose line of least

resistance is greater than that which will produce the maximum
volume of displacement, and consequently the cone of projection is

a maximum when the line of least resistance is a maximum, which is

quite contrary to Prof. Hofer's theory.

Prof. Hofer further states,
" When the explosion takes place in a

chamber O (Fig. 6), the shock will be transmitted in concentric

spherical layers having O for a common centre. As this force is

distributed over gradually increasing spherical surfaces, it decreases

per surface-unit as the spherical surface increases. These are,

therefore, obviously proportional. The force/ acting upon a surface-
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unit of the spherical shell o b, is to the force /x acting on the

surface-unit of the spherical shell o b^ inversely as the surfaces, or

P\
' p = ob : ob^

If o b^ has the radius R
x
and o b the radius R, then

A - A2

P
"

Ra
2

from which the inference is drawn that the intensities of the forces

acting upon the surface-units are to each other inversely as the

squares of the corresponding radii (distances from the chamber).
This evidently is not in agreement with our deductions (Art. 25)

that for the same explosive the resistances to rupture vary as the

squares of the lines of resistance, and that the forces acting upon the

surface-units decrease directly as the distances from the chamber (see

Art. 25, Addenda). The explanation of this is that the resulting

force of an explosion in a spherical chamber is not transmitted

inversely as the surfaces of the spherical shells in accordance with

Prof. Hofer's theory, but through shear zones whose shearing surfaces

are proportional to the product of the line of resistance, and the

periphery of chamber at right angles thereto.

If the free surface is spherical, every radial line will offer the same

resistance to rupture, there will be no flexure of the mass, and

rupture will result only from shearing action of the force.

If, however, a plane surface exists along A B, and the charge at O
is only just sufficiently powerful to shear along the line of least resist-

ance W, it is evident that it cannot shear along the lines of resistance

O A and O B corresponding to the lengths of the sides of the crater,

nevertheless, owing to the flexure of the rock around the line of least

resistance, as explained in Art. 12 (Addenda), the whole mass of

rock BOA will be ruptured.

In regard to the determination of the charges Prof. Hofer on the

assumption that the outward forces of a blast upon units of surface

vary inversely with the squares of the distances from centre of charge,

arrives at the formula :

W
in which L and L

x
are the weights of the charges, and W and W

1?

the corresponding lines of resistance. No account is taken of the

amount of work done or mass thrown out, and the influence of the
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form of the chamber is entirely neglected. Apparently concentrated

or spherical charges are intended, and since the volumes of spheres

are to each other as the cubes of their diameters, for two charges
whose diameters are i and 2, their relative weights should be as i to

8, th erefore, by Prof. Hofer's formula

W
_ /8V i

that is, a charge whose weight is 8 oz. should blast a line of resistance

2*83 times greater than one whose weight is i oz. The formula

that we give on page 45 requires on the contrary, for the given con-

ditions

^1 = 4 = 2

W
""

d i

or Wl
must be twice and not 2*83 times W, and therefore, the given

charges of i and 8 oz. are not suited for lines of least resistance

found by Prof. Hofer's formula.

Since the pressure developed by the explosion of the charge

depends on the form of chamber, it is clear that a formula for the

calculation of a charge which does not regulate the size and form of

chamber according to the line of resistance to be blasted, can be of

no practical value. Not only does Prof. Hofer's formula fail in this,

but also in proportioning the weights of the charges to the work to

be done after the rock has been loosened from its bed.

Conformity between the blasting of rock and soil does not exist

in a general law to suit all cases, but only in so far as we consider

the cohesive resistance and work required to eject the mass from its

bed separately.

For rock we have a very high cohesive resistance, and the walls

of the chamber practically incompressible, and for soil the cohesive

resistance so low that it may be entirely neglected, whilst the chamber

walls are so compressible that the pressure producing rupture or

displacement will depend on the weight of charge and compressibility

of the material, and not on the initial pressure developed by the

explosion, as in the case of rock. For soil, therefore, the calculation

of the charge will depend on the compressibility of the material,

whereas this is of minor importance in rock blasting.

The experiments at Olmutz, referred to by Prof. Hofer in his

paper, were carried out in alluvial, compact ground ; argillaceous

sand and loess formation; natural stratified soil, tenacious clayey

earth, and wet loam, and cannot be accepted as forming any basis

of proof of his theory for rock blasting.
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a single exposed surface,

99-106, 119-143
in headings or shafts, 101-

106, 119-143

Atmospheric pressures in Ibs. per

square inch, 263

BALLISTITE, 179

Batteries, directions for use, 173-

175

dynamo-electric, 163-167

high-tension, 158

low-tension, 159

magneto-electric, 161-163, 169

rackbar, 175

selection of, 168, 169

Bedding planes, 90-94
Beds of rock, length and position

of charge, 90-94

Bellite, 179, 185, 202, 205
directions for using, 216, 217

Bench system of rock-blasting, 5,

95
Best position for a chamber or

charge, 75-79

length for an " advance " or
" cut "

in a heading or shaft,

120

Blast, condition that influences the

effect of, 4
force developed by, 26-32

Blasting amberite, 179, 185, 195-

197

directions for using, 212-214

gelatine, 179, 185, 191-194
directions for using, 208-210

specially suited for submarine

mining, 193

in cuttings, stopes or quarries,

95-98

powder, maximum pressure de-

veloped by, 28

directions for using, 214, 215

Boreholes, angled, line of resistance

for, 47-5 1

best position for, 75-79

capacity of, in cubic inches,

258

chambering, 42-43

charge for shearing, 69-74, 80-

82
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Boreholes, depths of, 249

lengths of charges for shearing,

69-74
maximum distance apart, 52-57

influenced by cohesive

strength of rock, 53-

57

relation of diameter to line of

resistance, 44- 5 1

rule for determining position, 75-

79
Bottom cut, 106

Breaking-in shots required in a

heading, 103, 104

"Bulling," 199

CABLES for electric blasting, 169,

170

Carbo-dynamite, 179

Carbonite, 179, 185, 202, 204, 205

directions for using, 208-210

Cavity produced by a blast, 4, 14,

15,62-68
Centre cut, 100-104, 121-125, I4 I"

143

Chamber, best position for, with

borehole, 75-79

coefficient, 41

corrosion of sides by blast, 42, 43

dimensions, 40-41

explosions in, 3

influence of form of, 31, 72, 73
sectional area of, required at

right angles to line of resist-

ance, 40, 41

Chambering of boreholes, 42, 43

Charge, best position for, 75, 79
for shearing in a borehole, 69,

74, 248
formulae for determining, 5, 80,

82

in case of joints, fissures and

bedding planes, 83, 94

Charge, length of, in a borehole, 69,

74

length and position for shearing
in beds of rock, 90-94

ratio of, to line of resistance,

33,34
required to eject rock after rup-

ture, 33

Charges for boreholes, 248

Charging coefficient, determination,

112-115
Chilworth special powder, 178
Choice of leading wires and cables

for electric blasting, 169

Circle, properties of, 264
Coefficient of rock, determination

of, no, 112

of chamber, 41, 42
for charging, 112-115

Cohesion of rock, resistance of, to

rupture, 24, 25

force required to over-

come ,14-18
Collodion cotton, 179
Combined shearing force of two or

more shotholes, 58, 59
resistance of the weight and co-

hesion of rock, 23, 24

Comparison of imperial and metric

systems, 261, 262

Compressed gunpowder, 199, 201

Condition for an explosive develop-

ing maximum pressure, 31

Conditions influencing a blast, 4

affecting the force of an explo-

sion, 26, 27

Connecting of wires to fuses for

firing in series or parallel, 171-173
Corrosion of walls of chamber by

explosion of charge, 42, 43

Craters, form of, 5, 14, 15, 62-68

similarity between those pro-

duced by sudden and gradual

application offeree, 14
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" Cut " in a heading or shaft,

120

Cuttings, blasting in, 95, 98

DAHMENITE A, 178, 185, 202, 206

directions for using, 216-217
Decimal equivalents of an inch, 263

Depth of boreholes for shearing,

249
Determination of coefficients by

trial shots, 110-115
Detonators for explosives, 187

high and low tension, 160, 187

Diagrams of holes for headings and

shafts, 143
Diameters of shotholes in head-

ings and shafts, 120

relation of, to lines of resistance,

44-51,246,247
Different action of explosives, 27,

28

methods of arranging boreholes

in driving and sinking, 119-

143

Di-flamyr, 179
Dimensions of chambers, 40, 41

Directions for use of electric ex-

ploders, 173-175

Dynamite, 179, 185, 186

directions for using, 208-210

Dynamo-electric exploder, 163-167

ECONOMY of firing shotholes simul-

taneously, 52-61
of low explosives, 20

Effect of a blast in rock, 3

Electric exploders, 160-169
directions for using, 173-175
wires and cables for, 169

fuses, 161

shot-firing, 158-177

points to be attended to, 175-

177

Electronite, 178, 179, 185, 197, 198,

202, 206

directions for using, 212, 213
Erroneous results in rock-blasting,

Examples in rock-blasting, 87-90,

221-243
1. Line of resistance, depth of

borehole, and charge, 221,

222

2. Blasting a bench of rock,

222, 223

3. Height of step or bench of

rock, 223

4. Charging coefficient and
volume of rock, 224

5. Economy of proportioning

depth and diameter of

borehole to height of

bench of rock, 224-227
6. Maximum distance between

shotholes fired simultane-

ously, 227

7. Line of resistance for two

shotholes supporting each

other, 228

8. Economy of shotholes sup-

porting each other, 228,

229

9. Economy of firing shot-

holes simultaneously, 230-

232
10. Number of shotholes re-

quired to unkey a face of

rock, 232
11. Line of resistance and

charge in a bed of rock,

233

12. Position, depth and dia-

meter of boreholes in

jointed rock, 234-237

13. Number of shotholes re-

quired for a heading, 237-

238
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Examples in rock-blasting con-

tinued :

14. Position and size of cham-

bers, and charge for a

large or giant blast, 238-

243

Experiments on blasting in rock,

46, 47, 55

Experiments on the resistance of

ice to rupture, 10-14

Exploders, 160-169

electric, directions for use, 173-

175

Explosion in a chamber, 3

Explosives, 178-217
calculation of power of, 29
chlorate mixture, 180

consumption of, in quarries,

tunnels and mines, 244,

245
different action of, 27, 28

force developed by, 29-31
fulminate of mercury, 180

generally employed for rock and
coal blasting, 184, 185

high, 27,28, 1 80, 185

methods of reducing shatter-

ing effect of, 182

high and low, 27, 28, 180, 185
list of, for rock blasting, 178-

180

low, 27, 1 80, 1 8 1, 185

economy of, 20

maximum pressures developed

by, 28

nitrate mixture, 178

nitro-compounds, 179

range of consumption of, 243-

244

safety, 201-207
selection for rock blasting, 178-

207

testing strength of, 184

theoretical work, 29

Explosives, useful work of, 28, 29

working value, 29

FAILURE of previous rules for rock

blasting, I

Faversham powder, 179

Firing, electric, 158-177
in parallel or direct contact, 171-

173

in series or circuit, 171-173
simultaneous and consecutive, 68

Fissures, 83-94

Fitting of electric detonator fuse to

charge, 171

Force developed by blast, 3, 26-

32
influence of mode of application,

8

of an explosion, conditions af-

fecting the, 26

in a chamber conducive

to rupture by shear-

ing, 8

required to overcome the co-

hesive resistance of rock,

14-18
to produce rupture by shear-

ing, 10

Form of cavity produced in homo-

geneous rock, 4, 62-68

Formula for breaking-in shots, 104
for coefficient of charge, 112

of rock, 1 1 1

for depth of boreholes, 77
for determination of charge, 80-

82

for determining the number of

shotholes required in headings
or shafts, 106-109

for diameter and line of resist-

ance for angled shotholes, 47-

5i

Formulae for joints, 86, 92
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Formula for line of resistance of

similar shotholes fired simulta-

neously, 59
for resistance of cohesion and

weight of rock, 23, 24
for shearing, 10, 14, 18

for the distance that similar shot-

holes should be placed apart,

54
for weight of borehole charges,

80-82

Fortiss explosive, 179
Free face, definition, 5

Fulminate of mercury, 180

Fuse/electric, 168, 169, 171

instantaneous, 153-157

lighter, for collieries, 153

safety, 144-1 57

GALVANOMETER, 171

Gelatine-dynamite, 179, 185, 189-

191

directions for using, 208-210

water cartridge, 205

Gelignite, 185, 187-189
directions for using, 208-210

Guncotton, 179

maximum pressure developed by,

28

Gunpowder, 178, 185, 198-201

advantages of, 182, 183

compressed, 199-201

directions for using, 200, 214,

215

tamping for, 116, 117

Guttmann's theory, 7

HEADINGS, arrangements of holes,

99-106, 119-143
best length for

" advance " or

"cut," 1 20

Headings, breaking-in shots re-

quired, 103, 104
centre cut, 100, 121-125, 141-
H3

determination of number of

shotholes, 106, 109
diagrams of arrangements of

shotholes, 143
diameter of holes, 120

irregular joints in, 124, 125

key-holes, 1 20

number of shotholes required,

106-109
order of firing shotholes ar-

ranged on the centre cut

system, 124
order of firing shotholes ar-

ranged on the square cut

system, 130
side cut, 104-106, 130-136
square cut, 125-130

High and low tension electricities

for electric firing, 158

explosives, 27, 180, 182, 185

tamping for, 117, 118

tension batteries, 158, 159

electricity, 158

fuses, 161

Hydraulic data, 259

ICE, experiments on resistance of,

10-14

Imperial and metric systems, 261,
262

Influence of cohesive strength of

rock on the maximum distance

that holes should be placed

apart, 53-59
of direction of rupture, 7, 21

of form of chamber, 31, 32, 72,

73
of fissures, joints and bedding

planes, 83-94
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Influence of mode of application o

force, 8

of the strength and density o

explosives on the cost o

boring holes, 181

of thermal conductivity of rock

3i, 32

Instantaneous fuse, 153-157
Instructions for the use of explo-

sives, 208-217
Insulation of joints and wire for

electric blasting, 170

Irregular faces of rock, blasting in,

79, 96, 97

JOINTS, 83-94, 97, 98
favourable conditions for quarry-

ing, 83

importance of, in blasting, 2

KEYHOLES, 120

Kynite, 179

LEADING wires and cables for elec-

tric blasting, choice of, 169, 170
Length of charges in boreholes, 69-
74

Levels, determination of number of
shotholes required, 106-109

Lines of resistance for angled shot-

holes, 251
for maximum pressure of

an explosive, 184
for similar shotholes fired

simultaneously, 58, 59,

250
for single shotholes, 246,
247

List of explosives for rock blasting,

178, 180

Lithofracteur, 179
Low explosives, 27, 180, 185

conditions for economical em-

ployment, 20

Low explosives, economy of, 20

tamping for, 1 16-118
tension batteries, 159

electricity, 158

fuses, 161

MAGNETO-ELECTRIC exploder, 161-
163, 169

Mainlines of rupture, 77, 78
Matagnite gelatine, 179
Maximum distance that similar

shotholes should be placed
apart, 52-57

pressures developed by explo-
sives, 28

Mercury fulminate, maximum pres-
sure developed by, 28

Methods of reducing the shattering
effect of the high explosives, 182

Metric and imperial systems, 261,
262

NITRATE of ammonia class of

safety explosives, 202

explosives, instructions for

using, 216-217
Nitrated guncotton, 179

Nitro-compounds, 179

Nitro-glycerine class of safety ex-

plosives, 202

maximum pressure developed by,
28

tamping for, 117-118
Number of shotholes required for a
heading or shaft, formula for de-

termining, 106-109

OARITE, 179

Objections to AndreVs theory, 7
to Guttmann's theory, 7

Open joints, placing of shotholes,
93

Operations of rock blasting, 3
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PARALLEL, firing in, 171-173
Permitted explosives in fiery mines,

202

Placing of shotholes in cuttings or

stopes, 95-98
when there is only a single

exposed surface for at-

tack, 99-106, 119-143
Points to be attended to in electric

blasting, I75- 1 ??

Potentite, 180

Power of an explosive, calculation

of, 29
Precautions to be taken after firing

with electric exploders, 175

to ensure insulation of joints

and wires in electric blasting,

170

Preliminary remarks, I

Pressure of atmospheres in Ibs. per

square inch, 263
of blast on rock after rupture,

37

Pressures developed by explosives,
28

Previous theories of rock blasting, 6

Primers for gelatines, 180

Principle on which the best position
for a chamber may be determined,

75

Properties of the circle, 264

QUALITIES of good explosives,

178

Quantity of rock blasted, 62-68,

252-256

Quarries, blasting in case of joints,

83-98

Quarrying rock, 5, 62-68, 83-94

favourable conditions for, 83

Quarryman's experience, 2

RACK-A-ROCK, 180

Ratio of charge to line of resistance

for similar masses of rock, 33,

34

Recapitulation and notation of for-

mulae, 218, 220

Relation between the maximum
lines of resistance in rock and the

maximum pressures developed by
explosives, 183, 184

Relation of the diameters of bore-

holes and spherical chambers to

lines of resistance, 44-5 1

Removal of an entering portion of

rock, 99, 103, 104
Resistance due to friction and hang-

ing of the rock along the lines

of rupture, 22, 23
lines of, for shotholes, 246, 247,

250, 251
of a section of rock, 83-90,

257
of cohesion of rock to rupture,

24,25
of ice to rupture, 10-14
of rock in case of joints and

fissures, 83, 94
of the mass or weight of rock

blasted, 21-23
of weight and cohesion of rock

combined, 23, 24

principal, of most rocks, 7

to a blast after rupture, 20-23
to be overcome in rock blasting,

8

Resistances after rupture, 20, 22,

23
to rupture and shearing may be

equal, 18

Roburite, 180, 185, 202, 205, 206

directions for using, 216, 217
Rock blasting, AndreVs theory, 6

definition, I

erroneous results, 3



272 THE PRINCIPLES OF ROCK BLASTING.

Rock blasting, failure of rules for, I

Guttmann's theory, 6, 7

resistances to be overcome,
8

Rock dislodged by shotholes, 62-

67

Rosslyn blastite, 180

Rule for determining position of a

charge, 75-79

Rupture by shearing, 8-82

main lines, 77-79
without shearing, 83, 94

SAFETY blasting powder, 179

explosives, 185, 201-207

precautions to prevent blown
out shots, 207

report of the Royal Commis-

sion, 206

fuse, 144-157

applications of different kinds,

150, 151

different kinds, 144-150

instantaneous, 153-157

lighter for collieries, 153
method of using, 151

storing, 152, 153
selection of, for different cli-

mates, 151, 152

volley firer, 153-157
Schultze blasting powder, 180

Section of rock which may be

ruptured is proportional to peri-

phery of chamber to a given line

of resistance, 19
Sectional area of chamber required

at right angles to line of resist-

ance, 40, 41

Sections of rocks equal to maximum
lines of resistance to shearing,
1 8, 19, 83-90, 257

of rock that may be blasted by
shotholes, 83, 90

Selection of battery or exploder,

168, 169
of electric fuses, and battery or

exploder, 168, 169
of explosives for rock blasting,

178-207
of leading wires and cables, 169,

170

Series, firing in, 171-173

Shafts, best length for a "
sink," 120

centre cut, 141-143
determination of number of

shotholes required, 106-109
diameter of holes, 1 20

sinking, 136-143

square cut, 136-140

Shearing, combined force of two or

more shotholes, 58, 59
conditions favourable for, 8

force required to produce rup-

ture, 10

formula for, 10, 14-18
in beds of rock, 90-94
resistance of ice, 13, 14

rupture by, 8-82

Shattering effect of high explosives,

methods of reducing, 182

Shot firing, electric, 158-177
Side cut, conditions for its applica-

tion, 104, 130, 131

in headings, 104-106, 130-

136

Similarity between craters produced
by sudden and gradual applica-
tion offeree, 14

Simultaneous firing of shotholes,

52-61,65,68

Specific gravities of explosives, 248
of rock, 260

Spherical chambers, relation of

diameter to line of resistance,

45

Square cut, 125-130, 136-140
in a shaft or rise, 136-140
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Statical laws applicable to blasting,

30
Steel for borers, weight of, 258

Stemming of sliotholes, 116-118

Step system of rock blasting, 5, 62-

67, 95-98

Stepped workings, 5, 62-67,95-98

Stone, weight of, 260

Stonite, 180

Stopes, blasting in, 95-98

Systems of placing shot-holes for

driving, sinking, and rising, 119-
120

TABLE of capacity of one foot of

borehole in cubic inches, 258
of comparison of imperial and

metric systems, 261, 262

of decimal equivalents of an

inch, 263
of depths of boreholes, 249
of experiments on the resistance

of ice to rupture, 13

on resistance of rock in

blasting, 46, 47, 55

for angled holes, 25 1

of lines of resistance for combi-

nations of two, three, and four

shotholes, 250
of lines of resistance for shot-

holes, 246, 247

of pressures of atmosphere in

Ibs. per square inch, 263

of properties of the circle, 264
of sections of rock equal to

maximum lines of resistance

for shearing, 257
of useful hydraulic data, 259
of weight of stone and mineral

substances, 260

of weight of charges, 248

of weights of a lineal foot of

round, octagonal and square

steel, 258

Table of volumes of rock blasted

with concentrated charges,

252
Two free faces and single

shots, 253
Three free faces and single

shots, 254
Four free faces and single

shots, 255
Two free faces and two

and three shotholes fired

simultaneously, 256
Tables of rock blasted with bore-

hole charges in stepped workings,

253-256

Tamping of shotholes, 116-118

Testing low-tension fuses with gal-

vanometer, 171

strength of explosives in rock,

184

Theory of the action and force of a

blast after the rock is ruptured,

34-39

Theories, AndreVs and Gutt-

mann's, 6, 7

Thermal conductivity of rock, in-

fluence of, 31, 32

Tonite or cotton powder, 180, 185,

194, 195

directions for using,

210-212

Trial shots, 110-112

USEFUL work of explosives, 28, 29
Usual method of excavating rock

by blasting, 62

VALUABLE quality for an explosive,

181

Volley firer and instantaneous

fuse, 153-157
Volume of gas (relative) developed

by different quantities of an ex-

plosive, 29

T
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Volume of rock blasted, 62-68

by a concentrated

charge, 67, 252

dislodged by any number
of similar shotholes in a

step of rock, 65-67, 256

by a shothole in a bench

of rock when there are

two free faces, 64, 253

by a shothole in a bench

of rock when there are

three and four free

faces, 64, 254, 255

Volume of rock dislodged by any
number of similar shotholes in

a step of rock, 65-67, 256

WEIGHT of charge required to

eject rock after rupture, 33

of stone and mineral substances,

260

Westfalite, 179, 185, 202, 206

directions for using, 216, 217

Wires and cables for electric blast-

ing, 169, 870
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impression, 936 pp., 8vo. (1912.) i 55. net.

Builders' Quantities. By H. M. Lewis. 6 illus., 44 pp.,
crown 8vo. (S. & C. SERIES, No. 40.) (1911.) is. 6d. net.

Obstruction to Light. A Graphic Method of determining
Problems of Ancient Lights. By H. B. Molesworth.

9 folding plates, 4to. (1902.) 6s. net.

Suburban Houses. A series of practical plans. By J. H.
Pearson. 46 plates and 12 pp. text, crown 4to. (1905.)

55. net.

Solid Bitumens, their Physical and Chemical Properties. By
S. F. Peckham. 23 illus., 324 pp., 8vo. (New York, 1909.)
i w-

Roman Architecture, Sculpture and Ornament. By G. B.
Piranesi. 200 plates, reproduced in facsimile from the origi-

nal. 2 vols., imperial folio, in wrappers. (1900.) 22$. net.
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The Seven Periods of English Architecture, defined and
illustrated. By E. Sharpe. Third edition, 20 steel plates,

royal 8vo. (1888..) I2s. 6d.

Our Factories, Workshops and Warehouses, their Sanitary
and Fire-Resisting Arrangements. By B. H. Thwaite.

183 illus., 282 pp., crown 8vo. (1882.) 95.

Elementary Principles of Carpentry. By T. Tredgold
and J. T. Hurst. Eleventh edition, 48 plates, 517 pp.,
crown 8vo. (1914.) 75. 6d. net.

Motor Body Building in all its branches. By C. W. Terry.
With additional matter by Arthur Hall. Medium 8vo,

256 pp., 15 illus., 50 plates. (1914.) los. 6d. net. Post-

age : inland, $d. ; abroad, lod.

Practical Stair Building and Handrailing. By W. H.
Wood. 32 plates, 91 pp., crown 4to. (1894.) los. 6d.

Spons' Architects' and Builders' Pocket Price-Book.
Edited by Clyde Young. Revised by Stanford M.
Brooks. i6mo, green leather cloth (size 6J in. by 3! in.

by J in. thick). 2s. 6d. net. Revised and issued annually.

Spons' Practical Builders' Pocket Book. Edited by
Clyde Young and Stanford M. Brooks. 74 illus., viii

+ 456 pp., i6mo, maroon leather cloth (1915). 55. net.

ARTILLERY
Guns and Gun Making Material. By G. Ede. xii + 74 pp.

crown 8vo. (1889.) 6s.

Treatise on Application of Wire to Construction of Ord-
nance. By J. A. Longridge. 180 pp., 8vo. (1884.) i 55.

AVIATION
The Atmosphere, its Characteristics and Dynamics. By

F. J. B. Cordeiro. 35 illus., 129 pp., small 4to. (New
York, 1910.) IQS. 6d. net.

Theory and Practice of Model Aeroplaning. By V. E.

Johnson. 61 illus., xvi + 148 pp., crown 8vo. (1910.)

35. 6d. net.
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Natural Stability and the Parachute Principle in Aero-
planes. By W. Le Maitre. 34 illus., 48 pp., crown
8vo. (S. & C. SERIES, No. 39.) (1911.) is. 6d. net.

How to Build a 20-ft. Bi-plane Glider. By A. P. Morgan.
31 illus., 60 pp., crown 8vo. (S. & C. SERIES, No. 14.)

(New York, 1909.) is. 6d. net.

Flight-Velocity. By A. Samuelson. 4 plates, 42 pp., 8vo,
sewed. (1906.) 2s. net.

Resistance of Air and the Question of Flying. By A.
Samuelson. 23 illus., 36 pp., 8vo, sewed. (1905.) 2s. net.

The Laws of Avanzini. Laws of Planes moving at an angle
in air and water. By Lieut.-Col. R. de Villamil. 2 folding
plates, 3 illus., 23 pp., super royal 8vo, sewed. (1912.)
2s. net.

Aeroplanes in Gusts, Soaring Flight and Aeroplane Sta-

bility. By S. L. Walkden. Second Edition. 4 plates,

47 illus., xvi + 188 pp., 8vo. (1913.) 12$. 6d. net.

BRIDGES, ARCHES, ROOFS, AND
STRUCTURAL DESIGN

Strains in Ironwork. By Henry Adams. Fourth edition,
8 plates, 65 pp., crown 8vo. (1904.) 55.

Designing Ironwork. By Henry Adams. Second series.

8vo, sewed.

Part I. A Steel Box Girder, (1894.) gd. net.

II. Built-up Steel Stanchions. (1901.) is. 3^.
net.

,, III. Cisterns and Tanks. (1902.) is. net.

IV. A Fireproof Floor. (1903.) is.net.

Columns and Struts. Theory and Design, By Wm. Alex-
ander. 101 illus., xii -J- 265 pp., demy 8vo. (1912.)
los. 6d. net.

A Practical Treatise on Segmental and Elliptical Oblique
or Skew Arches. By G. J. Bell. Second edition, 17
plates, 125 pp., royal 8vo. (1906.) ft is. net.

Economics of Construction in relation to Framed Structures.
'

By R. H. Bow. Third thousand, 16 plates, 88 pp., 8vo.

(1873.) 55.

Theory of Voussoir Arches. By Prof. W. Cain. Third

edition, 201 pp.; i8mo, boards; (New York, 1905.) 2s. net,
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Theory of Arches and Suspension Bridges. By J. Melan
and D. B. Steinman, C.E., Ph.D. Demy Svo, 303 pp.,
118 illus. (New York, 1913.) 155. net. Postage: inland,

5^. ; abroad, lod.

New Formulae for the Loads and Deflections of Solid Beams
and Girders. By W. Donaldson. Second edition, n
illus., viii + 56 pp., Svo. (1872.) 45. 6d.

Plate Girder Railway Bridges. By M. Fitzmaurice.

4 plates, 104 pp., Svo. (1895.) 6s.

Pocket Book of Calculations in Stresses. By E. M. George.
66 illus., 140 pp., royal 32mo, half roan. (1895.) 3$. 6d.

Tables for Roof Framing. By G. D. Inskip. Second

edition, 451 pp., Svo, leather. (New York, 1905.) 12$. 6d.

net.

Stresses in Girder and Roof Frames, for both dead and
live loads, by simple Multiplication, etc. By F. R. John-
son. 28 plates, 215 pp., crown Svo. (1894.) 6s.

A Graphical Method for Swing Bridges. By B. F. La Rue.

4 plates, 104 pp., iSmo, boards. Second Edition. (New
York, 1904.) 2s. net.

Notes on Cylinder Bridge Piers and the Well System of

Foundations. By J.Newman. 144 pp., Svo. (1893.) 6s.

Calculation of Columns. By T. Nielsen. 4 plates, 36 pp.,

Svo. (1911.) 45. 6d. net.

A New Method of Graphic Statics applied in the Construc-

tion of Wrought Iron Girders. By E. Olander. 16 plates,
small folio. (1887.) los. 6d.

Steel Bar and Plate Tables. Giving Weight of a Lineal

Foot of all sizes of L and T Bars, Flat Bars, Plates, Square
and Round Bars. By E. Read. On large folding card,

is. net.

Reference Book for Statical Calculations. By F. Ruff.

With diagrams, 140 pp., crown Svo. (1906.) 55. net.

Suspension Bridges and Cantilevers. By D. B. Stein -

mann. vii + 185 pp., i8mo. boards. (VAN NOSTRAND
SERIES, No. 127.) (New York, 1911.) 2s. net.

The Anatomy of Bridgework. By W. H. Thorpe. 103

illus., 190 pp., crown 8vo. (1914.) 6s. net.
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CEMENT AND CONCRETE
Portland Cement, its Manufacture, Testing and Use. By

D. B. Butler. Third edition, 135 illus., including 17
plates, xii + 450 pp., 8vo. (1913.) i6s. net.

Theory of Steel -Concrete Arches and of Vaulted Struc-
tures. By W. Cain. Fifth ed., 27 illus., 212 pp., i8mo,
boards. (New York, 1909.) 2s. net.

Reinforced Concrete Construction. Elementary Course.

By M. T. Cantell. 65 illus., 135 pp., crown 8vo. (1911.)

4$. 6d. net.

Reinforced Concrete Construction. Advanced Course.

By M. T. Cantell. 242 illus., xvi -f 240 pp., super

royal 8vo. (1912.) 12s. 6d. net.

Graphical Reinforced Concrete Design. A series of Dia-

grams on sheets (measuring 17J in. by 22J in.) for Design-

ing and Checking. With 48-page pamphlet. By J. A.

Davenport. Complete in roll. (1911.) 55. net.

Cement Users* and Buyers* Guide. By Calcare. 115

pp., 32mo, cloth. (1901.) is. 6d. net.

Diagrams for Designing Reinforced Concrete Structures.

By G. F. Dodge. 31 illus., 104 pp., oblong folio. (New
York, 1910.) 175. net.

Cements, Mortars, and Concretes ; their Physical proper-
ties. By M. S. Falk. 78 illus., 176 pp., 8vo. (New York,

1904.) los. 6d. net.

Concrete Construction, Methods and Cost. By H. P.
Gillette and C. S. Hill. 310 illus., 690 pp., 8vo. (New
York, 1908.) i is. net.

Works by A. A. HOUGHTON.
Practical Silo Construction. 18 illus., 69 pp., cr. 8vo.

(S. & C. SERIES, No. 27.) (New York, 1911.) is. 6d. net.

Moulding Concrete Chimneys, Slate and Roof Tiles. 15

illus., 61 pp., cr. 8vo. (S. & C. SERIES, No. 28.) (New
York, 1911.) is. 6d. net.

Moulding and Curing Ornamental Concrete. 5 illus., 58 pp.,
cr. 8vo. (S. & C. SERIES, No. 29.) (New York, 1911.)
is. 6d. net.
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Concrete Wall Forms. 16 illus., 62 pp., cr. 8vo. (S. & C.

SERIES, No. 30.) (New York, 1912.) is. 6d. net.

Concrete Monuments, Mausoleums and Burial Vaults.
18 illus., 65 pp., cr. 8vo. (S. & C. SERIES, No. 31.) (New
York, 1911.) is. 6d. net.

Concrete Floors and Sidewalks. 8 illus., 63 pp., cr. 8vo.

(S. & C. SERIES, No. 32.) (New York, 1911.) is. 6d. net.

Moulding Concrete Baths, Tubs, Aquariums and Nata-
toriums. 16 illus., 64 pp., cr. 8vo. (S. & C. SERIES,
No. 33.) (New York, 1911.) is. 6d. net.

Concrete Bridges, Culverts, and Sewers. 14 illus., 58 pp., cr.

8vo. (S.&C. SERIES, No. 34.) (New York, 1912.) is.6d. net.

Constructing Concrete Porches. 18 illus., 62 pp., cr. 8vo.

(S. & C. SERIES, No. 35.) is. 6d. net.

Moulding Concrete Flower -Pots, Boxes, Jardinieres, etc.

8 illus., 52 pp., cr. 8vo. (S. & C. SERIES, No. 36.)

(New York, 1912.) is. 6d. net.

Moulding Concrete Fountains and Lawn Ornaments.

14 illus., 56 pp., crown 8vo. (S. & C. SERIES, No. 37.)

(New York, 1912.) is. 6d. net.

Concrete and Reinforced Concrete. By H. A. Reid. 715
illus., 884 pp., royal 8vo. (New York, 1907.) fi is. net.

Specification for Concrete Flags. Issued by the Institution

of Municipal and County Engineers. Folio, sewed.

(1911.) 2s. 6d. net.

CIVIL ENGINEERING
Canals, Surveying.

(See also Irrigation and Water Supply.)

Practical Hints to Young Engineers Employed on Indian

Railways. By A. W. C. Addis. 14 illus., 154 pp.,

ismo. (1910.) 35. 6d. net.

Levelling,, Barometric, Trigonometric and Spirit. By I. O.
Baker. Third edition, 15 illus., 145 pp., . i8mo, boards.

'(New York, 1910.) 2s. net.

River and Canal Engineering. By E. S. Bellasis. 72
illus., x + 220 pp., 8vo. (1913.) 8s. 6d. net. .
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Punjab Rivers and Works. By E. S. Bellasis. Second
edition, 47 illus., viii -f 64 pp., folio. (1912.} 8s. net.

Notes on Instruments best suited for Engineering Field Work
in India and the Colonies. By W. G. Bligh. 65 illus.,

218 pp., Svo. (1914.) 55. 6d.

The Civil Engineers' Cost Book. By Major T. E. Cole-
man, R.E. xii + 289 pp., Pocket size (6J X 3f in.),
leather cloth. Second edition. (1915.) 55. net.

Retaining Walls in Theory and Practice. By T. E. Cole-
man. 104 illus., 160 pp., crown Svo. (1914.) 55. net.

On Curved Masonry Dams. By W. B. Coventry. Svo,
sewed. (1894.) 2s.

A Practical Method of Determining the Profile of a Masonry
Dam. By W.B.Coventry. Svo, sewed. (1894.) 2s.6d.

The Stresses on Masonry Dams (oblique sections). By
W. B. Coventry. Svo, sewed. (1894.) 2s.

Handbook of Cost Data for Contractors and Engineers.
By H. P. Gillette. 1,854 PP-> crown Svo, leather, gilt

edges. Second ed. (New York, 1914.) i is. net.

High Masonry Dams. By E. S. Gould. 2nd edit. With
illus., 88 pp., i8mo, boards. (New York, 1905.) 2s. net.

Railway Tunnelling in Heavy Ground. By C. Gripper.
3 plates, 66 pp., royal Svo. (1879.) 75. 6d.

Levelling and its General Application. By Thomas
Holloway. Revised by H. T. Tallack. Svo, 71 illus.,

149 pp. Third ed. (1914.) 2s. 6d. net. Postage: inland,

4^. ; abroad, 6d.

Waterways and Water Transport. By J. S. Jeans. 55
illus., 520 pp., Svo. (1890.) 95. net.

Table of Barometrical Heights to 20,000 Feet. By Lieut.-Col.

W. H. Mackesy. i plate, 24 pp., royal 32mo. 35.

Aid Book to Engineering Enterprise. By E. Matheson.
Third edition, illustrated, 916 pp., medium Svo, buckram.

(1898.) i 4s.

A Treatise on Surveying. By R. E. Middleton and O.
Chadwick. Third edition, royal Svo. (1911.)

Part I. ii plates, 162 illus., 285 pp. io.s. 6d.

II. 152 illus. and 2 plates, 340 pp. los. 6d.
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A Pocket Book of Useful Formulae and Memoranda, for

Civil and Mechanical Engineers. By Sir G. L. Molesworth
and H. B. Molesworth. With an Electrical Supplement
by W. H. Molesworth. Twenty-seventh edition, 800

illus., viii + 936 pp., oblong 32mo, leather. (1913.) 55. net.

The Pocket Books of Sir G. L. Molesworth and J. T. Hurst,
printed on India paper and bound in one vol. Royal 32mo,
russia, gilt edges. los. 6d. net.

Metallic Structures : Corrosion and Fouling and their

Prevention. By J. Newman. 38 Illus., xii + 374 pp.,
crown 8vo. (1896.) 95.

Scamping Tricks and Odd Knowledge occasionally prac-
tised upon Public Works. By J. Newman. New imp.,

129 pp., crown 8vo. (1908.) 2s. net.

Compensation Discharge in the Rivers and Streams of the
West Riding (Yorkshire, England). By M. M. Pater -

son. 55 pp., 8vo. (1896.) 2s. net.

Co-ordinate Geometry applied to Land Surveying. By W.
Pilkington. 5 illus., 44 pp., i2mo. (1909.) is. 6d. net.

Pioneering. By F. Shelford. 14 Illus., 88 pp., crown
8vo. (1909.) 35. net.

Topographical Surveying. By G. J. Specht. 4th edition,

2 plates and 28 illus., 210 pp., i8mo, boards. (New
York, 1910.) 2s. net.

Spons' Dictionary of Engineering, Civil, Mechanical, Mili-

tary and Naval. 10,000 illus., 4,300 pp., super royal 8vo.

(1874, Supplement issued in 1881.) Complete, in 4 vols.

3 35- net.

Surveying and Levelling Instruments. Theoretically and

practically described. By W. F. Stanley. Revised by
H. T. Tallack. For Construction, Qualities, Selection,

Preservation, Adjustments and Uses ; with other apparatus
and appliances used by Civil Engineers and Surveyors in

the field. Fourth ed. 433 illus., 606 pp. (1914.) 75. 6d.

net. Postage : inland, $d. ; abroad, lod.

Surveyor's Handbook. By T. U. Taylor. 116 illus., 310

pp., crown 8vo, leather, gilt edges. (New York, 1908.)
8s. 6d. net.

Logarithmic Land Measurement. By J. Wallace, 32 pp.,

royal 8vo, (1910.) $s, net,
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Land Drainage. A Treatise on the Design and Const ruction of

Open and Closed Drains. ByJ. L. Parsons, Assoc.M. W.
Socy. of Engineers. Demy 8vo, 36 illus., 22 tables, 165

pp. (New York, 1915.) js. 6d. net. Postage : inland, 4^. ;

abroad, 6d.

The Drainage of Fens and Low Lands by Gravitation and
Steam Power. By W. H. Wheeler. 8 plates, 175 pp., 8vo.

(1888.) I2s. 6d.

Stadia Surveying, the theory of Stadia Measurements. By
A. Winslow. Ninth ed, 148 pp., i8mo, boards. (New
York, 1913.) 2s. net.

Handbook on Tacheometrical Surveying. By G. Xydis.
55 illus., 3 plates, 63 pp., 8vo. (1909.) 6s. net.

CURVE TABLES
Grace's Tables for Curves, with hints to young engineers.

8 figures, 43 pp., oblong 8vo. (1908.) 55. net.

Data relating to Railway Curves and Super -elevations,
shown graphically. By J. H. Haiste. On folding card for

pocket use. 6d. net.

Tables for setting -out Railway Curves. By C. P. Hogg.
A series of cards in neat cloth case. 45. 6d.

Tables for setting out Curves for Railways, Roads, Canals,
etc. By A. Kennedy and R. W. Hackwood. 32mo.
2s. net.

Spiral Tables. By J. G. Sullivan. 47 pp., i2mo, leather.

(New York.) 6s. 6d. net.

Tables for Setting out Curves from 101 to 5,000 feet radius.

By H. A. Cutler and F. J. Edge. Royal 32mo. 2s. net.

Tables of Parabolic Curves for the use of Railway Engineers,
and others. By G. T. Allen. Fcap. i6mo. 45.

Transition Curves. By W. G. Fox. Second edition, 80 pp.,

i8mo, boards. (New York.) 2s. net.

DICTIONARIES
Technological Dictionary in the English, Spanish, German

and French Languages . By D . Carlos Huelin Y Arssu .

Crown 8vo.

Vol. I. ENGLISH-SPANISH-GERMAN-FRENCH. 609 pp.

(1906.) zos. 6d. net.
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Vol. II. GERMAN-ENGLISH-FRENCH-SPANISH. 720 pp.

(1908.) los. 6d. net.

Vol. III. FRENCH-GERMAN-SPANISH-ENGLISH. In pre-

paration.
Vol. IV. SPANISH-FRENCH-ENGLISH-GERMAN. 750 pp.

(1910.). los. 6d. net.

Dictionary of English and Spanish Technical and Com-
mercial Terms. By W. Jackson. 164 pp., fcap. 8vo.

(1911.) 2s. 6d. net.

English-French and French -English Dictionary of the

Motor-Gar, Cycle and Boat. By F. Lucas. 171 pp.,

crown 8vo. (1915.) 2s. net.

Spanish-English Dictionary of Mining Terms. By F.

Lucas. 78 pp., 8vo. (1905.) 55. net.

English-Russian and Russian-English Engineering Dic-

tionary. By L. Meycliar. 100 pp., i6mo. (1909.)
*

2s. 6d. net.

DOMESTIC ECONOMY
Food Adulteration and its Detection. By J. P. Battershall.

12 plates, 328 pp., demy 8vo. (New York, 1887.) 155.

The Cooking Range, its Failings and Remedies. By F. Dye.
52 pp., fcap. 8vo, sewed. (1888.) 6d.

Spices and How to Know Them. By W. M. Gibbs. With

47 plates, including 14 in colours, 179 pp., 8vo. (New York,

1909.) 155. net.

The Kitchen Boiler and Water Pipes. By H. Grimshaw.
8vo, sewed. (1887.) is. net.

Spons' Household Manual. 250 illus., 1,043 pp., demy 8vo.

(1902.) 75. 6d.

Ditto ditto half-bound French morocco. 95.

DRAWING
The Ornamental Penman's, Engraver's and Sign Writer's

Pocket Book of Alphabets. By B. Alexander. New
Impression. Oblong I2mo, sewed. 6d. net.

Slide Valve Diagrams : a French Method for their Construc-

tion. By L. Bankson. i8mo, boards. (New York,

1892.) 2s. net.
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A System of Easy Lettering. By J.H. Cromwell. Twelfth

edition, 39 plates, oblong 8vo. (New York, 1912.) 2s. 6d.

net.

Key to the Theory and Methods of Linear Perspective.

By C. W. Dyrnond, F.S.A. 6 plates, 32 pp., crown 8vo.

(S. & C. SERIES, No. 20.) (1910.) is. 6d. net.

Plane Geometrical Drawing. By R. C. Fawdry. Illus-

trated, 185 pp., crown 8vo. (1901.) 35. net.

Hints on Architectural Draughtsmanship. By G. W. T.
Hallatt. Fourth ed., 80 pp., i8mo. (1906.) is.6d.net.

A First Course of Mechanical Drawing (Tracing). By G.

Halliday. Oblong 4to, sewed. 25.

A Text-Book of Graphic Statics. By C. W. Malcolm.
155 illus., 316 pp., 8vo. (New York, 1909.) izs. 6d. net.

Drawings for Medium-sized Repetition Work. By R. D.

Spinney. 47 illus., 130 pp., 8vo. (1909.) 35. 6d.

net.

Mathematical Drawing Instruments. By W. F. Stanley.
Seventh ed., 265 illus., 370 pp., cr. 8vo. (1900.) 55.

EARTHWORK
Tables for Computing the Contents of Earthwork in the

Cuttings and Embankments of Railways. By W. Mac-
gregor. i plate, 59 pp., royal 8vo. 6s.

Tables for facilitating the Calculation of Earthworks.

By D. Cunningham. 120 pp., royal 8vo. IDS. 6d.

Grace's Earthwork Tables. 36 double-page tables, 4to.
I2s. 6d. net.

Earthwork Slips and Subsidences on Public Works. By
J. Newman. 240 pp., crown 8vo. (1890.) 75. 6d.

ELECTRICAL ENGINEERING
Journal of the Institution of Electrical Engineers. Edited

by P. F. Rowell, Secretary. Issued in quarto parts. The
number of parts are from 12 to 16 annually. Annual

Subscription, 465. post free, payable in advance. Single

copies, 35. gd. post free.
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Practical Electric Bell Fitting. By F. C. Allsop. Tenth

edition, 186 illus., including 8 folding plates, 185 pp., cr.

8vo. (1914.) 2s. 6d. net.

Telephones : their Construction and Fitting. By F. G. All-

sop. Eighth edition, new imp., 184 illus., 222 pp.,
cr. 8vo. (1914.) 2s. 6d. net.

Electric Bell Construction. By F. C. Allsop. New imp.,

177 illus., xii + 131 pp., cr. 8vo. (1914.) 2s. 6d. net.

Induction Coils and Coil Making. By F. C. Allsop. Second

edition, new imp., 125 illus., xii+172 pp., cr. 8vo. (1914.)
2s. 6d. net.

Auto -Transformer Design. By A. H. Avery. 25 illus.,

60 pp., 8vo. (1909.) 2s. 6d. net.

Principles of Electric Power (Continuous Current) for Mechani-
cal Engineers. By A. H. Bate. 63 illus., 204 pp., crown
8vo. (1914.) (FINSBURY TECHNICAL MANUAL.) 45. 6d. net.

Practical Construction of Electric Tramways. By W. R.
Bowker. 93 illus., 119 pp., Svo. (1914.) 6s. net.

Dynamo Lighting for Motor Cars. By M. A. Codd.
Second edition, 140 illus., vi -f 107 pp., Svo. (1914.)
2s. 6d. net.

Design and Construction of Induction Coils. By A. F.

Collins. 155 illus., 272 pp., demy Svo. (New York, 1909.)
I2s. 6d. net.

Switchboard Measuring Instruments for Continuous and

Polyphase Currents. By J. C. Connan. 117 illus., 150

pp., Svo. (1914.) 35. 6d. net.

Electric Cables, their Construction and Cost. By D. Coyle
and F. J. O. Howe. With many diagrams and 216 tables,

466 pp., crown Svo, leather. (1909.) 155. net.

Management of Electrical Machinery. By F. B. Crocker
and S. S. Wheeler. Eighth edition, 131 illus., 223 pp.,
crown Svo. (New Yor.k, 1909.) 45. 6d. net.

Electric Lighting : A Practical Exposition of the Art. By
F. B. Crocker. Royal Svo. (New York.)

Vol. I. The Generating Plant. Sixth edition, 213
illus., 470 pp. (1904.) 125. 6d. net.

Vol. II. New edition in preparation.
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The Care and Management of Ignition Accumulators.

By H. H. U. Cross. 12 illus., 74 pp., crown 8vo. (S. & C.

SERIES, No. 19.) (1910.) is. 6d. net.

Elements of Telephony. By A. Crotch. 51 illus., 90 pp.,
crown 8vo. (S. & C. SERIES, No. 21.) (1911.) is. 6d. net.

Elementary Telegraphy and Telephony. By Arthur
Crotch. New impression, 238 illus., viii + 223 pp., 8vo.

(FINSBURY TECHNICAL MANUAL.) (1912.) 45. 6d. net.

Electricity and Magnetism in Telephone Maintenance.

By G. W. Cummings. 45 illus., 137 pp., 8vo. New
York, 1908.) 6s. 6d. net.

Grouping of Electric Cells. By W. F. Dunton. 4 illus.,

50 pp., fcap. 8vo. (1914.) is. 6d. net.

Wireless Telegraphy for Intending Operators . By C . K . P .

Eden. 16 illus., 80 pp., cr. 8vo. (S. & C. SERIES, No.

24.) (1913.) is. 6d. net.

Magnets and Electric Currents. By J. A. Fleming, M.A.,
D.Sc., F.R.S. An elementary treatise for the use of

Electrical Artisans and Science Teachers. Cr. 8vo, 136
illus., 408 pp. Third ed. (1914.) 35. 6d. net. Postage:
inland, 4^. ; abroad, Sd.

Notes on Design of Small Dynamo. By George Halliday.
Second edition, 8 plates, 8vo. (1895.) 2s. 6d.

Practical Alternating Currents and Power Transmission.

By N. Harrison. 172 illus., 375 pp., crown 8vo. (New
York, 1906.) los. 6d. net.

Plans and Specification for Wireless Telegraph Sets. By
A. F. Collins. Crown 8vo. (S. & C. SERIES, Nos. 41 and

42). (New York, 1912.) is. 6d. each net.

PART I. An Experimental Set and a One to Five
Miles Set. 37 illus., viii + 45 pp.

PART II. A Five to Ten Mile Set and a Ten to Twenty
Mile Set. 63 illus., viii + 72 pp.

Practical and Experimental Wireless Telegraphy. A Hand-
book for Operators, Students and Amateurs. By W. J.

Shaw, Member of the Wireless Society of London. 42
illus., 102 pp., cr. 8vo. (1914.) 35. 6d. net. Post free,

35.
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Making Wireless Outfits. By N. Harrison. 27 illus.,

61 pp., crown 8vo. (S. & C. SERIES, No. n.) Second
ed. (New York, 1914.) is. 6d. net.

Wireless Telephone Construction. By N. Harrison. 43
illus., 73 pp., crown 8vo. (S. & C. SERIES, No. 12.) (New
York, 1913.) is. 6d. net,

Wireless Time Signals, Radio-Telegraphic Time and
Weather Signals transmitted from the Eiffel Tower and their

Receipt. Authorised Translation of the Report of the
Bureau of Longitudes with -additional Tables and Data.
Cr. 8vo, 133 pp., i folding plate, 30 illus. (1915.) 35. 6d. net.

Postage 4^.

Testing Telegraph Gables. By Colonel V. Hoskioer. Third

edition, n illus., viii + 75 pp., crown 8vo. (1889.) 45. 6d.

Long Distance Electric Power Transmission. By R. W.
Hutchinson. 136 illus., 345 pp., crown 8vo. (New York,

1907.) I2s. 6d. net.

Theory and Practice of Electric Wiring. By W. S. Ibbetson.

119 illus., 366 pp., crown 8vo. (1914.) 35. 6d. net.

Practical Electrical Engineering for Elementary Students.

By W. S. Ibbetson. 61 illus., 155 pp., crown 8vo. (1914.)
2s. 6d. net.

Form of Model General Conditions, recommended for use

in connection with Contracts for Electrical Works. Issued

by the Institution of Electrical Engineers. F'cap,

19 pp. Revised April, 1914. 6d. net. Postage id.

Telegraphy for Beginners. By W. H. Jones. 19 illus.,

58 pp., crown 8vo. Second ed. (New York, 1913.) 2s. net.

A Handbook of Electrical Testing. By H. R. Kempe.
Seventh ed., 285 illus., 706 pp., 8vo. (1908.) i8s. net.

Electromagnets, their Design and Construction. By A. N.
Mansfield. 36 illus., 155 pp., i8mo, boards. Second ed.

(New York, 1908.) 2s. net.

Telephone Construction, Methods and Cost. By C.

Mayer. With Appendices on the cost of materials and
labour by J. C. Slippy. 103 illus., 284 pp., crown 8vo.

(New York, 1908.) 12s. 6d. net.

Practical Electrics : a Universal Handybook on Every Day
Electrical Matters. Ninth ed., 126 illus., 35 pp., 8vo. (S.&C.
SERIES, No. 13.) (New York, 1909.) is. 6d. net.
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Wiring Houses for the Electric Light. By N. H. Schneider.

40 illus., 85 pp., crown 8vo. (S. & C. SERIES, No. 25.) (New
York, 1911.) is. 6d. net.

Induction Coils. By N. H. Schneider. 79 illus., 285 pp.,
crown 8vo. Second ed. (New York, 1909.) 45. 6d. net.

How to Install Electric Bells, Annunciators and Alarms.

By N. H. Schneider. Second edition. (1913.) 70 illus.,

83 pp., crown 8vo. (S. & C. SERIES, No. 2.) .

Modern Primary Batteries, their construction, use and main-

tenance. By N. H. Schneider. 54 illus., 94 pp., crown
8vo. (S. & C. SERIES, No. i.) (New York, 1910.) is. 6d. net,

Practical Engineers' Handbook on the Care and Manage-
ment of Electric Power Plants. By N. H. Schneider.

203 illus., 274 pp., crown 8vo. (New York, 1906.) 55. net.

Electrical Circuits and Diagrams, illustrated and explained.

By N. H. Schneider. 8vo. (S. & C, SERIES, Nos. 3 and 4.)

(New York.)
No. 3, Part i. Second edition. 217 illus., 72 pp. (New

York, 1914.) is.6d.net.

No. 4, Part 2. 73 pp. Second ed. (1911.) is.6d.net.

Electrical Instruments and Testing. By N. H. Schneider
and J. Hargrave. Fourth edition, 133 illus., xxiv + 256

pp., cr. 8vo. (New York, 1913.) 45. 6d. net.

Experimenting with Induction Coils. By N. H. Schneider.
26 illus., 73 pp., crown 8vo. (S. & C. SERIES, No. 5.) (New
York, 1911.) is. 6d. net.

Study of Electricity for Beginners. By N. H. Schneider.

54 illus., 88 pp., crown 8vo. (S. & C. SERIES, No. 6.) (New
York, 1910.) is. 6d. net.

Wiring Houses for the Electric Light : Low Voltage Battery

Systems. 44 illus., 86 pp., crown 8vo. (S. & C. SERIES, No.

25.) (New York, 1911.) is. 6d. net.

Low Voltage Electric Lighting with the Storage Battery,

By N. H. Schneider. 23 illus., 85 pp., crown 8vo. (S. &
C. SERIES, No. 26.) (New York, 1911.) is. 6d. net.

Dry Batteries : how to Make and Use them. By a Dry Battery
Expert. With additional notes by*|N. H. Schneider.

30 illus., 59 pp., crown 8vo. (S. & C. SERIES, No. 7.) (New
York, 1910.) is. 6d. net.

* *
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The Diseases of Electrical Machinery. By E. Schulz.

Edited, with a Preface, by Prof.S. P. Thompson. 42
illus., 84 pp., cr. 8vo. (1904.) 2s. net.

Electricity Simplified. By T. O. Sloane. Thirteenth edition,

29 illus., 158 pp., crown 8vo. (New York, 1905.) 45. 6d. net.

How to become a Successful Electrician. By T. O. Sloane.
Fifteenth edition, 4 illus., 202 pp., crown Svo. (New York,

1906.) , 45. 6d. net.

Electricity : its Theory, Sources and Applications. By J. T.

Sprague. Third edition, 109 illus., 658 pp., crown Svo.

(1892.)- 75. 6d. net.

Telegraphic Connections. By G. Thorn and W. H. Jones.
20 plates, 59 pp., oblong 8vo. (New York, 1892.)- 35. 6d.

net.

Dynamo Electric Machinery. By Prof. S. P. Thompson.
Seventh edition, demy Svo. (FiNSBURY TECHNICAL MANUAL. )

Vol. I. CONTINUOUS-CURRENT MACHINERY. With 4
coloured and 30 folding plates, 573 illus.,

984 pp. (1904.) i los. net.

Vol. II. ALTERNATING CURRENT MACHINERY. 15
coloured and 24 folding plates, 546 illus.,

900 pp. (1905.) i TOS. net.

Design of Dynamos (Continuous Currents). By Prof. S. P.

Thompson. 4 coloured and 8 folding plates, 243 pp.,

demy 8vo. (1903.) I2S. net.

Schedule for Dynamo Design, issued with the above. 6d.

each, 45. per doz., or i8s. per 100, net.

Curves of Magnetic Data for Various Materials. A reprint
on transparent paper for office use of Plate I from Dynamo
Electric Machinery, and measuring 25 in. by 16 in. yd. net.

Electrical Tables and Memoranda. By Prof. S. P.

Thompson. Second ed., 15 illus. viii. + 136 pp., oblong
64mo (waistcoat-pocket size), leather. (1913.) is. net.

Do., do., in celluloid case. is. 6d. net.

Elements of Electro -Plating. By J. T. Sprague. Cr. 8vo,

72 pp., 2 illus. (1914.) (S. & C. Series, No. 44.) is. 6d.

net. Postage 2d.

The Electromagnet. By C. R. Underbill. 67 illus., 159 pp.,

crown Svo. (New York, 1903.) 6s. 6d. net.
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Practical Guide to the Testing of Insulated Wires and
Cables. By H. L. Webb. Fifth edition, 38 illus., 118

pp., crown 8vo. (New York, 1902.) 45. 6d. net.

Wiring Rules. With Extracts from the Board of Trade Regu-
lations and the Home Office Regulations for Factories and

Workshops. Issued by The Institution of Electrical

Engineers. Sixth edition, 42 pp., 8vo, sewed. (1911.)
6d. net.

FOREIGN EXCHANGE
English Prices with Russian Equivalents (at Fourteen

Rates of Exchange). English prices per lb., with equiva-
lents in roubles and kopecks per pood. By A. Adiasse-
wich. 182 pp., fcap. 32mo. is. net.

English Prices with German Equivalents (at Seven Rates
of Exchange). English Prices per lb., with equivalents in

marks per kilogramme. By St. Koczorowski. 95 pp.,

fcap. 32mo. is. net.

English Prices with Spanish Equivalents. At Seven Rates
of Exchange. English prices per lb., with equivalents in

pesetas per kilogramme. By S. Lambert. 95 pp., 32mo.
is. net.

English Prices with French Equivalents (at Seven Rates
of Exchange). English prices per lb. to francs per kilo-

gramme. By H. P. McCartney. 97 pp., 32mo. is. net.

Principles of Foreign Exchange. By E. Matheson.
Fourth edition, 54 pp., 8vo, sewed. (1905.) $d. net.

GAS AND OIL ENGINES
The Theory of the Gas Engine. By D. Clerk. Edited by

F. E. Idell. Third edition, 19 illus., 180 pp.,i8mo, boards.

(New York, 1903.) 2s. net.

Electrical Ignition for Internal Combustion Engines. By M.
A. Codd. 109 illus., 163 pp., crown 8vo. (1911.) 35. net.

Design and Construction of Oil Engines, with full directions

for Erecting, Testing, Installing, Running and Repairing,

including descriptions of American and English Kerosene
Oil Engines, with an appendix on Marine Oil Engines. By
A. H. Goldingham, M.E., M.Am.S.M.E. Fourth edition,

137 illus., 299 pp. (New York, 1914.) 8s. 6d. net. Post-

age : inland, $d. ; abroad, 10^.
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Gas Engine in Principle and Practice. By A. H. Golding-
ham. New impression, 107 illus., 195 pp., 8vo. (New
York, 1912.) 6s. 6d. net.

Practical Handbook on the Care and Management of

Gas Engines. By G. Lieckfeld. Third edition, square
i6mo. (New York, 1906.) 35. 6d.

Elements of Gas Engine Design. By S. A. Moss. 197 pp.,

i8mo, boards. Second ed. (New York, 1907.) zs. net.

Gas and Petroleum Engines. A Manual for Students and

Engineers. By Prof. W. Robinson. (FINSBURY TECHNICAL

MANUAL.) Third edition in preparation.

GAS LIGHTING
Transactions of the Institution of Gas Engineers. Edited

by Walter T. Dunn, Secretary. Published annually. 8vo.

los. 6d. net.

Gas Analyst's Manual. By J. Abady. 102 illus., 576 pp.,

demy 8vo. (1902.) i8s. net.

Gas Works : their Arrangement, Construction, Plant and

Machinery. By F. Colyer. 31 folding plates, 134 pp.,
8vo. (1884.) 8s. 6d. net.

Lighting by Acetylene. By F. Dye. 75 illus., 200 pp.,
crown 8vo. (1902.) 6s. net.

A Comparison of the English and French Methods of

Ascertaining the Illuminating Power of Coal Gas. By
A. J. Van Eijndhoven. Illustrated, crown 8vo. (1897.) 45.

Gas Lighting and Gas Fitting. By W. P. Gerhard. Third

edition, 190 pp., i8mo, boards. (New York, 1904.) 2s. net.

A Treatise on the Comparative Commercial Values of

Gas Coals and Cannels. By D. A. Graham. 3 plates,

100 pp., 8vo. (1882.) 45. 6d.

The Gas Engineer's Laboratory Handbook. By J. Horn-

by. Third edition, revised, 70 illus., 330 pp., crown 8vo.

(1911.) 6s. net.

Electric Gas Lighting. By N. H. Schneider. 57 illus.,

101 pp., crown 8vo. (S. & C. SERIES, No. 8.) (New York,

1901.) is. 6d. net.
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HISTORICAL AND BIOGRAPHICAL
Extracts from the Private Letters of the late Sir William

Fothergill Cooke, 1836-9, relating to the Invention and

Development of the Electric Telegraph ;
also a Memoir by

Latimer Clark. Edited by F. H. Webb, Sec.Inst.E.E.

8vo. (1895.} 35.

A Chronology of Inland Navigation in Great Britain. By
H. R. De Salis. Crown 8vo. (1897.) 45. 6d.

A History of Electric Telegraphy to the year 1837. BY J -

J. Fahie. 35 illus., 542 pp., crown 8vo. (1889.) 2s. net.

Life as an Engineer : its Lights, Shades, and Prospects. By
J. W. C. Haldane. New edition, 23 plates, 390 pp., crown
Svo. (1910.) 55. net.

A Cornish Giant. Richard Trevethick, the father of the Loco-
motive Engine. By E. K. Harper. 12 illus., including 2

plates, 60 pp., Svo. sewed. (1913.) is. net.

Philipp Reis, Inventor of the Telephone : a Biographical
Sketch. By Prof. S. P. Thompson. Svo, cloth. (1883.)

75. 6d.

The Development of the Mercurial Air Pump. By Prof.

S. P. Thompson. 43 illus., 37 pp., royal Svo, sewed. (1888.)
is. 6d.

HOROLOGY
Watch and Clock Maker's Handbook, Dictionary and

Guide. By F. J. Britten. Eleventh edition, 450 illus.,

492 pp., crown Svo. (1915.) 55. net.

Prize Essay on the Balance Spring and its Isochronal Adjust-
ments. By M. Immisch. 7 illus., 50 pp., crown Svo.

(1872.) 2s. 6d.

HYDRAULICS AND HYDRAULIC
MACHINERY

(See also Irrigation and Water Supply.)

Hydraulics with Working Tables. By E. S. Bellasis.

Second edition, 160 illus., xii+ 3ii pp., Svo. (1911.) I2s. net.

Pumps : Historically, Theoretically and Practically Considered.

By P. R. Bjorling. Second edition, 156 illus., 234 pp.,
crown 8vo. (1895.) 75. 6d.
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Pump Details. By P. R. Bjorling. 278 illus., 211 pp.,
crown 8vo. (1892.) 75. 6d.

Pumps and Pump Motors : A Manual for the use of Hydraulic
Engineers. By P. R. Bjorling. Two vols., 261 plates,

369 pp., royal 4to. (1895.) i los. net.

Practical Handbook on Pump Construction. By P. R.

Bjorling. Second ed., new imp., 9 plates, viii +86 pp., cr.

8vo. $1912.) 35. 6d. net.

Water or Hydraulic Motors. By P. R. Bjorling. 206 illus.,

287 pp., crown 8vo. (1903.) gs.

Hydraulic Machinery, with an Introduction to Hydraulics.

By R. G. Blaine. Third edition, 307 illus., 468 pp.,
8vo. (FINSBURY TECHNICAL MANUAL.) (1913.) los. 6d.

net.

Practical Hydraulics. By T. Box. Fifteenth edition, 8

plates, 88 pp., crown 8vo. (1913.) 55. net.

Pumping and Water Power. By F. A. Bradley. 51 illus.,

vii + 118 pp., demy 8vo. (1912.) 45. 6d. net.

Hydraulic, Steam, and Hand Power Lifting and Pressing
Machinery. By F. Colyer. Second edition, 88 plates,
211 pp., imperial 8vo. (1892.) los. 6d. net.

Pumps and Pumping Machinery. By F. Colyer.
Vol. I. Second edition, 53 plates, 212 pp., 8vo. (1892.)

los. 6d. net.

Vol. II. Second edition, 48 plates, 169 pp., 8vo,

(1900.) los. 6d. net.

Construction of Horizontal and Vertical Water-wheels.

ByW.Cullen. Second edition, 12 plates, 4to. (1871.) 55.

Donaldson's Poncelet Turbine and Water Pressure Engine
and Pump. By W. Donaldson. 2 plates, viii + 32 pp.,

demy 4to. (1883.) 5s.

Practical Hydrostatics and Hydrostatic Formulae. By
E. S. Gould. 27 illus., 114 pp., i8mo, boards. (New York,

1903.) 2s. net.

Hydraulic and Other Tables for purposes of Sewerage and
Water Supply. By T. Hennell. Third edition, 70 pp.,

crown 8vo. (1908.) 45. 6d. net.

Tables for Calculating the Discharge of Water in Pipes for

Water and Power Supplies. Indexed at side for ready refer-

ence. By A. E. Silk. 63 pp., crown 8vo. (1914.) 3s.6rf.net.
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Simple Hydraulic Formulae. By T. W. Stone. 9 plates,

98 pp., crown 8vo. (1881.) 45.

A B G of Hydrodynamics. By Lieut.-Col. R. de Villamil.

48 illus., xi -f 135 pp., demy 8vo. (1912.) 6s. net.

Motion of Liquids. By Lieut. -Col. R. De Villamil, R. Eng.
(Ret.). 8vo, xiv + 210 pp., 86 illus., 30 tables. (1914.)

75. 6d. net. Postage : inland, 4^. ; abroad, Sd.

INDUSTRIAL CHEMISTRY AND
MANUFACTURES

Transactions of the American Institute of Chemical En-
gineers. Issued annually. 305. net. per volume.

Perfumes and Cosmetics, their Preparation and Manufacture,

including the use of Synthetics. By G. W. Atkinson,
Dr. Chem. Demy 8vo, 32 illus., 344 pp. Fourth ed. (New
York, 1915.) 2is. net. Postage : Inland, $d. ; Abroad, nod.

Brewing Calculations, Gauging and Tabulation. By C. H.
Bater. 340 pp., 641110, roan, gilt edges. (1914.) is. 6d.

net.

A Pocket Book for Chemists, Chemical Manufacturers, Metal-

lurgists, Dyers, Distillers, etc. By T. Bayley. Seventh

edition, new impression/ 550 pp., royal 32mo, roan, gilt

edges. (1912.) 55. net.

Practical Receipts for the Manufacturer, the Mechanic, and for

Home use. By Dr. H. R. Berkeley and W. M. Walker.
New impression, 250 pp., demy 8vo. (1912 ) 55. net.

A Treatise on the Manufacture of Soap and Candles,
Lubricants and Glycerine. By W. L. Carpenter and H.
Leask. Second edition, 104 illus., 456 pp., crown 8vo.

(1895.) I2S. 6d,

A Text Book of Paper Making. By C. F. Cross and E. J.

Bevan. New edition in preparation.
C.B.S. Standard Units and Standard Paper Tests. By C.

F. Cross, E. J. Bevan, C. Beadle and R. W. Sindall.

25 pp., crown 4to. (1903.) 2s. 6d. net.

Pyrometry. By C. R. Darling. 60 illus., 200 pp., crown 8vo.

(1911.) 55. net.

Soda Fountain Requisites. A Practical Receipt Book for

Druggists, Chemists, etc. By G. H. Dubelle. Fourth ed.,

157 pp., crown 8vo. (New York, 1911.) 45. 6d. net.
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Salt in Cheshire. By Albert F. Calvert, F.C.S., etc. Author
of

"
Salt Deposits of the World,"

"
History of the Salt

Union," etc. 200 illus., maps and plans, 992 pp., demy
8vo. (1914.) i is. net. Postage : inland, 6d.

; abroad,
2s. 6d.

Spices and How to Know Them. By W. M. Gibbs. 47
plates, including 14 in colours, 176 pp., 8vo. (New York,

1909.) 155. net.

The Chemistry of Fire and Fire Prevention. By H. and H.
Ingle. 45 illus., 290 pp., crown 8vo. (1900.) gs.

Ice-making Machines. By M. Ledoux and others. Sixth

edition, 190 pp., i8mo, boards. (New York, 1906.) 2s. net.

Brewing with Raw Grain. By T. W. Lovibond. 75 pp.,
crown 8vo. (1883.) 5s.

The Chemistry, Properties, and Tests of Precious Stones.

By J. Mastin. 114 pp., fcap. i6mo, limp leather, gilt top.

(1911.) 2s. 6d. net.

Sugar, a Handbook for Planters and Refiners. By the late

J. A. R. Newlands and B. E. R. Newlands. 236 illus.,

876 pp., 8vo. (1909.) i 5s. net.

Principles of Leather Manufacture. By Prof. H. R. Proc-
ter. Second edition in preparation.

Leather Industries Laboratory Handbook of Analytical and

Experimental Methods. By H. R. Procter. Second edi-

tion, 4 plates, 46 illus., 450 pp., 8vo. (1908.) iSs. net.

Leather Chemists' Pocket Book. A short compendium of

Analytical Methods. By Prof. H. R. Procter. Assisted

by Dr. E. Stiasny and H. Brumwell. 4 illus., xiv + 223

pp., i6mo, leather. (1912.) 55. net.

Theoretical and Practical Ammonia Refrigeration . By
I. I. Redwood. Third edition, 15 illus., 146 pp., square
i6mo. (New York, 1914.) 45. 6d. net.

Breweries and Maltings. By G. Scammell and F. Colyer.
Second edition, 20 plates, 178 pp., 8vo. (1880.) 6s. net.

Factory Glazes for Ceramic Engineers. By H. Rum-
Bellow. Folio. Series A, Leadless Sanitary Glazes.

(1908.) -2 2s. net.

Spons' Encyclopedia of the Industrial Arts, Manufactures

and Commercial Products. 2vols. 1,500 illus., 2,100 pp.,

super royal 8vo. (1882.) 2 2S. net.
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Tables for the Quantitative Estimation of the Sugars. By
E. Wein and W. Frew. Crown Svo. (1896.) 6s.

The Puering, Bating and Drenching of Skins. By J. T.
Wood. 33 illus., xv + 300 pp., 8vo. (1912.) I2s.6rf.net.

Workshop Receipts. For, the use of Manufacturers, Mechanics
and Scientific Amateurs. NEW AND THOROUGHLY REVISED
EDITION, crown 8vo. (1909.) 35. each net.

Vol. I. ACETYLENE LIGHTING to DRYING. 223 illus.,

532 pp.
Vol. II. DYEING to JAPANNING. 259 illus., 540 pp.
Vol. III. JOINTING PIPES to PUMPS. 256 illus., 528 pp.
Vol. IV. RAINWATER SEPARATORS to WIRE ROPE

SPLICING. 321 illus., 540 pp.

Practical Handbook on the Distillation of Alcohol from
Farm Products. By F. B. Wright. Second edition, 60

illus., 271 pp., crown 8vo. (New York, 1913.) 45. 6d. net.

INTEREST TABLES
The Wide Range Dividend and Interest Calculator, showing

at a glance the Percentage on any sum from One Pound to

Ten Thousand Pounds, at any Interest, from i per cent, to

I2j per cent., proceeding by J per cent. By A. Stevens.
100 pp., super royal Svo. 6s. net.

Quarter morocco, cloth sides, 75. 6d. net.

The Wide Range Income Tax Calculator, showing at a glance
the Tax on any sum from One Shilling to Ten Thousand
Pounds, at the Rate of gd., is., and is. 2d. in the Pound.

By A. Stevens. On folding card, imperial Svo. is. net.

IRRIGATION
Irrigation Works. By E. S. Bellasis. 37 illus., viii + 174

pp., Svo. (1913.) Ss. net.

Punjab Rivers and Works. By E. S. Bellasis. . Second

edition, 47 illus., 65 pp., folio. (1912.) 8s. net.

Irrigation Pocket Book. By R. B. Buckley. Second ed.,

So illus., viii + 475 pp., cr. Svo, leather, gilt edges. (1914.)

155. net.

The Design of Channels for1

Irrigation and Drainage. By
. R. B. Buckley. 22 diagrams, 56 pp., crown Svo. (1911.)

2s. net.
**#
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The Irrigation Works of India. By R. B. Buckley. Second

edition, with coloured maps and plans. 336 pp.,4to, cloth.

(1905.) 2 2s. net.

Irrigated India. By Hon. Alfred Deakin. With Map, 322

pp., 8vo. (1893.) 8s. 6d.

Indian Storage Reservoirs, with Earthen Dams. By W.L.
Strange. Second ed., 16 plates, 59 illus., xxiv + 442 pp.,
8vo. (1913.) 2is. net.

The Irrigation of Mesopotamia. By Sir W. Willcocks.
2 vols., 46 plates, 136 pp. (Text super royal 8vo, plates

folio.) (1911.) i net.

Egyptian Irrigation. By Sir W. Willcocks and J. I.Craig.
In 2 Vols. Third edition, 81 plates, 183 illus., 900 pp.,

sup. roy. 8vo. (1913.) 425. net.

The Nile Reservoir Dam at Assuan, and After. By Sir

W. Willcocks. Second edition, 13 plates, 35 pp., super royal
8vo. (1903.) 3s. net.

The Assuan Reservoir and Lake Moeris. By Sir W. Will-

cocks. With text in English, French and Arabic. 5

plates, 116 pp., super royal 8vo. (1904.) 35. net.

The Nile in 1904.. By Sir W. Willcocks. 30 plates, 200 pp.,

super royal 8vo. (1904.) 55. net.

LOGARITHM TABLES
Aldum's Pocket Folding Mathematical Tables. Four-

figure Logarithms, and Anti-logarithms, Natural Sines,

Tangents, Cotangents, Cosines, Chords and Radians for all

angles from i to 90 degrees. And Decimalizer Table for

Weights and Money. On folding card. 4^. net. 20 copies,

6s. net.

Tables of Seven-figure Logarithms of the Natural Numbers
from i to 108,000. By G. Babbage. Stereotype edition,

224 pp., medium 8vo. 55. net.

Four-Place Tables of Logarithms and Trigonometric
Functions. By E. V. Huntington. Ninth thousand,

34 pp., square 8vo, limp buckram, with cut lateral index.

(New York, 1911.) 35. net.

Short Logarithmic and other Tables. By W. C. Unwin.
Fourth edition, small 4to. 35.
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ABC Five-figure Logarithms with Tables, for Chemists.

By C. J. Woodward. Crown 8vo. 2s. 6d. net.

ABC Five -figure Logarithms for general use, with lateral

index for ready reference. By C. J. Woodward. Second

edition, with cut lateral Index, 116 pp., I2mo, limp leather.

35. net.
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Marine Propellers. By S. W. Barnaby. Fifth edition, 5

plates, 56 illus., 185 pp., demy 8vo. (1908.) los. 6d. net.

The Suction Caused by Ships and the Olympic-Hawke
Collision. By E. S. Bellasis. i chart and 5 illus. in

text, 26 pp., 8vo, sewed. (1912.) is. net.

Yachting Hints, Tables and Memoranda. By A. C. Franklin.
Waistcoat pocket size, 103 pp., 641110, roan, gilt edges.
is. net.

Steamship Coefficients, Speeds and Powers. By C. F. A.

Fyfe. 31 plates, 280 pp., fcap. 8vo, leather. (1907.)
. los. 6d. net.

How to Build a Speed Launch. By E. W. Graef. 14 plates,

32 pp., quarto. (New York, 1903). 45. 6d. net.

Steamships and Their Machinery, from first to last. By
J. W. C. Haldane. 120 illus., 532 pp., 8vo. (1893.) 155.

Structural Design of Warships. By William Hovgaard.
Professor Naval Design, Mass. Inst. of Technology; M.

Inst., N.A.
; M.Socy. N.A. &M.E. Super Roy. 8vo. With
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Tables for Constructing Ships' Lines. By A. Hogg. Third

edition, 3 plates, 20 pp., 8vo, sewed. (1911.) 35. net.
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2s. 6d. net.

Marine Transport of Petroleum. By H. Little. 66 illus.,

263 pp., crown 8vo. (1890.) los. 6d.

Questions and Answers for Marine Engineers, with a Prac-
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42 pp., 4to. (New York, 1904). 45. 6d. net.
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Reed's Marine Boilers. Third edition, 79 illus., 258 pp.,
crown 8vo. (1905.) 45. 6d. net.
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35. 6d. net.

How to Build a Three-horse Power Launch Engine. By
E. W. Roberts. 14 plates, 66 pp., folio. (New York, 1901).
IQS. 6d. net.

MATERIALS
Practical Treatise on the Strength of Materials. By T.

Box. Fourth edition, 27 plates, 536 pp., 8vo. (1902.)
I2S. 6d. net.

Solid Bitumens. By S. F. Peckham. 23 illus., 324 pp.,
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plates, ix + 54 pp., 8vo. (1898.) 6s. 6d. net.
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MATHEMATICS
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Reform in Chemical and Physical Calculations. By
C. J. T. Hanssen. 4to. (1897.) 6s. 6d. net.
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Ohm. Translated by William Francis. 269 pp., i8mo
boards. Second ed. (New York, 1905.) 2s. net.
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Elementary Practical Mathematics. By M. T. Ormsby.
Second edition, 128 illus., xii -f 410 pp., medium 8vo,

(1911.) 55. net.

Elements of Graphic Statics. By K. Von Ott. Translated

by G.S.Clarke. 95 illus., 128 pp., crown 8vo. (1901.) 55.

Figure of the Earth. By F. C. Roberts. 2 illus., 95 pp.,

i8mo, boards. (New York, 1885.) 2s. net,

Arithmetic of Electricity. By T. O'C. Sloane. Twentieth
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metic or Algebra. By G. L. Vose. Second edition,

28 illus., 62 pp., i8mo, boards. (New York, 1902.) 2s.net.
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lated from the French by E. A. O'Keefe. 34 illus.,
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(1906.) ios. 6d. net.
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frey Brooks, A.M.I.Mech.E. 182 pp., pocket size (6J by
3i by | inch). Leather cloth with rounded corners. Second
ed. (1914.) 45. net. Postage $d.

Safety Valves. By R. H. Buell. Third edition, 20 illus.,

100 pp., i8mo, boards. (New York, 1898.) 2s. net.

Machine Design. By Prof. W. L. Cathcart.

Part I. FASTENINGS. 123 illus., 291 pp., demy 8vo.

(New York, 1903.) 125. 6d. net.
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Chimney Design and Theory. By W. W. Christie. Second
edition, 54 illus., 192 pp., crown 8vo. (New York, 1902.)
i2s. 6d. net.

Furnace Draft : its Production by Mechanical Methods. By
W. W. Christie. 5 illus., 80 pp., i8mo, boards. Second
edition. (New York, 1906.) 2s. net.

The Stokers' Catechism. By W. J. Connor. 63 pp., limp.
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Treatise on the use of Belting for the Transmission of Power.
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Machine. By J. H. Cotterill. Third edition, 39 dia-

grams, 444 pp., 8vo. (1896.) 155.
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Belt Driving. By G. Halliday. 3 folding plates, 100 pp.,
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Commercial Efficiency of Steam Boilers. By A. Hanssen.
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Elementary Text-book on Steam Engines and Boilers.

By J. H. Kinealy. Fourth edition, 106 illus., 259 pp., Svo.
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Centrifugal Fans. By J. H. Kinealy. 33 illus., 206 pp., fcap.

Svo, leather. (New York, 1905.) I2s. 6d. net.

Mechanical Draft. By J. H. Kinealy. 27 original tables

and 13 plates, 142 pp., crown Svo. (New York, 1906.)
8s. 6d. net.

The"A B C of the Steam Engine, with a description of the

Automatic' Governor. By J. P. Lisk. 6 plates, Svo.

(S. C. SERIES, No. 17.) (New York, 1910.) is. 6d. net.
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Valve Setting Record Book. By P. A. Low. 8vo, boards.
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The Lay-out of Corliss Valve Gears. By S. A. Moss.
Second edition, 3 plates, 108 pp., i8mo, boards. '(New
York, 1906.) 2s. net.

Steam Boilers, their Management and Working. By J.
Peattie. Fifth edition, 35 illus., 230 pp., crown 8vo.

(1906.) 45. 6d. net.

Treatise on the Richards Steam Engine Indicator. By
C. T. Porter. Sixth edition, 3 plates and 73 diagrams,
285 pp., 8vo. (1902.) gs.

Practical Treatise on the Steam Engine. By A. Rigg.
Second edition, 103 plates, 378 pp., demy 4to. (1894.)
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Power and its Transmission. A Practical Handbook for
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76 pp., fcap. 8vo. (1910.) 2s. net.

Slide Valve Simply Explained. By W. J. Tennant. Re-
vised by J. H. Kinealy. 41 illus., 83 pp., crown 8vo. (New
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Shaft Governors. By W. Trinks and C. Hoosum. 27 illus.,

97 pp., i8mo, boards. (New York, 1906.) 2s. net.

Treatise on the Design and Construction of Mill Buildings.
By H. G. Tyrrell. 652 illus., 490 pp., 8vo. (New York,
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Slide and Piston Valve Geared Steam Engines. By W. H.
Uhland. 47 plates and 314 illus., 155 pp. Two vols.,

folio, half morocco. (1882.) i i6s.
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ed., 31 illus., 160 pp., 8vo. (New York, 1913.) 45. 6d. net.

Position Diagram of Cylinder with Meyer Cut-off. By
W. H. Weightman. On card. (New York.) is. net.

Practical Method of Designing Slide Valve Gearing. By
E. J. Welch. 69 illus, 283 pp., crown Svo. (1890.) 6s.

Elements of Mechanics. By T. W. Wright.
'

Eighth edition,

215 illus., 382 pp., Svo. (New York, 1909.) los. 6d. net.
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Life of Railway Axles. By T. Andrews. 8vo, sewed

(1895.) is.
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Shafts. By T. Andrews. 8vo, sewed. (1896.) is.

Microscopic Internal Flaws, Inducing Fracture in Steel.
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American Standard Specifications for Steel. By A. L.

Colby. Second edition, revised, 103 pp., crown 8vo. (New
York, 1902.) 55. net.

Galvanized Iron : its Manufacture and Uses. By J. Davies.

139 pp., 8vo. (19U.) 55. net.

Management of Steel. By G. Ede. Seventh edition, 216 pp.,

crown 8vo. (1903.) 5s.

The Frodair Handbook for Ironfounders. 160 pp., I2mo.

(1910.) 2s. net.

Manufacture of Iron and Steel. By H. R. Hearson. 21

illus., xii + 103 pp., 8vo. (1912.) 45. 6d. net.

Cupola Furnace. By E. Kirk. Third edition, 106 illus., 484

pp., 8vo. (New York, 1910.) 155. net.

Practical Notes on Pipe Founding. By J. W. Macfarlane.

15 plates, 148 pp., 8vo. (1888.) 125. 6d.

Atlas of Designs concerning Blast Furnace Practice. By
M. A. Pavloff. 127 plates, 14 in. by zoj- in. oblong, sewed.

(1902.) i is. net.

Album of Drawings relating to the Manufacture of Open
Hearth Steel. By M. A. Pavloff.

Part I. OPEN HEARTH FURNACES. 52 plates, 14 in. by
io| in. oblong folio, in portfolio. (1904.) I2s. net.
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Metallography Applied to Siderurgic Products. By H.
Savoia. Translated by R. G. Corbet. 94 illus., 180 pp.,
crown 8vo. (1910.) 45. 6d. net.

Modern Foundry Practice. By J. Sharp. Second edition,
new impression, 272 illus., 759 pp., 8vo. (1911.) i is.

net.

Roll Turning for Sections in Steel and Iron. By A. Spen-
cer. Second edition, 78 plates, 4to. (1894.) i los.

METRIC TABLES
French Measure and English Equivalents. By J. Brook.

Second edition, 80 pp., fcap. 32mo, roan. is. net.

A Dictionary of Metric and other useful Measures. By
L. Clark. 113 pp., 8vo. 6s.

English Weights, with their Equivalents in kilogrammes.
By F. W. A. Logan. 96 pp., fcap. 32mo, roan. is. net.

Metric Weights with English Equivalents. By H. P.

McCartney. 84 pp., fcap. 3200, roan. is. net.

Metric Tables. By Sir G. L. Molesworth. Fourth edition,

95 pp., royal 32010. (1909.) 2s. net.
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Rossetti. xii -J- 80 pp., ob. 32010. is. net. Giving
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by tangential angles. By H. Williamson. 4 illus., 60 pp.,
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MINERALOGY AND MINING
Rock Blasting. By G. G. Andre. 12 plates and 56 illus. in

text, 202 pp., 8vo. (1878.) 55.

Practical Treatise on Hydraulic Mining in California. By
A. J. Bowie, Junr. Eleventh ed.,73 illus., 313 pp., royal
8vo. (New York, 1910.) i is. net.
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Tables for the Determination of Common Rocks. By O.
Bowles. 64 pp., i8mo, boards. (New York, 1910.) 2s.net.

Fire Assaying. By E. W. Buskett. 69 illus., 105 pp., crown
8vo. (New York, 1907.) 45. 6d. net.

Tin : Describing the Chief Methods of Mining,Dressing, etc. By A.
G.Charleton. 15 plates, 83 pp., crown 8vo. (1884.) izs.6d.

Gold Mining and Milling in Western Australia, with Notes

upon Telluride Treatment, Costs and Mining Practice in

other Fields. By A. G. Charleton. 82 illus. and numerous

plans and tables, 648 pp., super royal 8vo. (1903.) I2s. 6d. net.

Miners' Geology and Prospectors' Guide. By G. A.
Corder. 29 plates, 224 pp., crown 8vo. (1914.) 55. net.

Blasting of Rock in Mines, Quarries, Tunnels, etc. By
A. W. and Z. W. Daw. Second edition, 90 illus., 316 pp.,

demy 8vo. (1909.) 155. net.

Gold Dredging. By C. T. Earl. 17 maps, 78 illus., xvi -f

208 pp., 8vo. (1913.) 2os. net.
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Minerals found in the United States. By J. G. Foye.
180 pp., i8mo, boards. Fifth ed. (New York, 1907.) 2s.net.

Our Coal Resources at the End of the Nineteenth Century.

By Prof. E. Hull. 157 pp., demy 8vo. (1897.) 6s.

Hydraulic Gold Miners' Manual. By T. S. G. Kirkpatrick.
Second edition, 12 illus., 46 pp., crown 8vo. (1897.) 45.

Economic Mining. By C. G. W. Lock. 175 illus., 680 pp.,

8vo. (1895.) los. 6d. net.

Gold Milling : Principles and Practice. By C. G. W. Lock.
200 illus., 850 pp., demy 8vo. (1901.) i is. net.

Mining and Ore-Dressing Machinery. By C. G. W. Lock.

639 illus., 466 pp., super royal 4to. (1890.) i 55.

Miners' Pocket Book. By C. G. W. Lock. Fifth edition,

233 illus., 624 pp., fcap. 8yo, leather, gilt edges. (1908.)
los. 6d. net.

Chemistry, Properties and Tests of Precious Stones. By
J. Mastin. 114 pp., fcap. i6mo, limp leather, gilt top.

(1911.) 2s. 6d. net.
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Tests for Ores, Minerals and Metals of Commercial Value.

By R. L. McMechen. 152 pp., I2mo. (New York, 1907.)

55. 6d. net.

Practical Handbook for the Working Miner and Prospector,
and the Mining Investor. By J. A. Miller. 34 illus.,

234 pp., crown 8vo. (1897.) 75. 6d.

Theory and Practice of Centrifugal Ventilating Machines.

By D. Murgue. 7 illus., 81 pp., 8vo. (1883.) 55.
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Model Engines and Small Boats. By N. M. Hopkins. 50
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Johnson. 61 illus., xvi + 148 pp., crown 8vo. (1910.)
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Model Steam Engine Design. By R. M. De Vignier. 34
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(New York, 1907.) is. 6d. net.

Small Engines and Boilers. By E. P. Watson. 33 illus.,
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ORGANIZATION
Accounts, Contracts and Management

Organization of Gold Mining Business, with Specimens of

the Departmental Report Books and the Account Books.

By Nicol Brown. Second edition, 220 -pp., fcap. folio.
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Kempthorne. 268 pp., demy 8vo. (1907.) los. 6d. net.
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Third edition, 916 pp., 8vo, buckram. (1898.) i 4$.

Office Management. A handbook for Architects and Civil
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The Entropy Diagram and its Applications. By M. J.
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no illus., 430 pp., 8vo. (FINSBURY TECHNICAL MANUAL.)
(1912.) I2s. 6d. net.
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water. By Nat H. Freeman. 27 pp., cr. 8vo. (1914.)

2s. 6d. net. Post free, 2s. Sd.

Engineering Thermodynamics. By C. F. Hirschfeld. 22

illus., 157 pp., i8mo, boards. Second ed. (New York, 1910.)
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Liquid Drops and Globules, their Formation and Movements.

By Chas. R. Darling. Assoc.R.C.S., Ireland ;
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F.Ph. Socy. Lecturer at the City and Guilds Technical
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The Dynamics of Surfaces : An introduction to the study of

Biological Surface Phenomena. By Prof. Dr. Med. Leonor
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Experimental Science : Elementary, Practical and Experi-
mental Physics. By G. M. Hopkins. Twenty-seventh ed.,
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Reform in Chemical and Physical Calculations. By
C, J. T. Hanssen. Demy 410. (1897.) 6s. 6d. net.

The Gyroscope, an Experimental Study. By V. E. John-
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" The
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in.

thick), leather cloth, with rounded corners. 45. net.

Approximate Estimates. By T. E. Coleman. Fourth edi-

tion, 481 pp., oblong 32mo, leather. (1914.) 5s. net.

The Civil Engineers' Cost Book. By Major T. E. Coleman.
xii + 289 pp., pocket size (6J in. by 3! in.), leather cloth.

(1912.) 5s. net.

Railway Stores Price Book. By W. O. Kempthorne.
490 pp., demy Svo. (1909.) los. 6d. net.

Spons' Architects' and Builders' Pocket Price-Book.
Edited by Clyde Young. Revised by Stanford M.
Brooks. Forty-first ed., viii + 308 pp., green leather

cloth. Published annually. (Size 6J in. by 3} in. by Jin.

thick.) 2$.6d. net.
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Handbook of Cost Data for Contractors and Engineers.

By H. P. Gillette. 1,854 PP-> crown 8vo, leather, gilt

edges. Second ed. (New York, 1914.) i is. net.

RAILWAY ENGINEERING AND
MANAGEMENT

Practical Hints to Young Engineers Employed on Indian

Railways. By A. W. C. Addis. 14 illus., 154 pp., I2mo.

(1910.) 3s. 6d. net.

Up-to-date Air Brake Catechism. By R. H. Blackall.

Twenty-sixth edition, 5 coloured plates, 96 illus., 305 pp.,
crown Svo. (New York, 1914.) 8s. 6d. net.

Prevention of Railroad Accidents, or Safety in Railroading.

By Geo. Bradshaw. 64 illus., 173 pp., square crown Svo.

(New York, 1912.) zs. 6d. net.

Simple and Automatic Vacuum Brakes. By C. Briggs,
G.N.R. ii plates, Svo. (1892.) 45.

Permanent-Way Material, Platelaying and Points and
Crossings, with a few Remarks on Signalling and Inter-

locking. By W. H. Cole, M.Inst.C.E., Late Deputy-
Manager, E. Bengal and N.W. State Railways, P.W.D.,
India. Cr. Svo, 288 pp., 44 illus., 7th ed. (1915.) 75. 6d. net.

Postage : inland, 3^. ; abroad, 6d.

Railway Engineers' Field Book. By Major G. R. Hearn,
R.E., Assoc. Inst. Civil Engrs., and A. G. Watson, C.E.

I2mo, leather, 230 pp., 33 illus. (1914.) 2is. net. Postage :

inland, 3^. ; abroad, 6d.

Statistical Tables of the Working of Railways in various

countries up to the year 1904. By J. D. Diacomidis.
Second edition, 84 pp., small folio, sewed. (1906.) i6s. net.

Locomotive Breakdowns, Emergencies and their Remedies.

By Geo. L. Fowler, M.E., and W. W. Wood. Seventh ed.,

92 illus., 266 pp., I2mo. (New York, 1911.) 45. 6d. net.

Permanent-way Diagrams. By F. H. Frere. Mounted
on linen in cloth covers. (1908.) 35. net.

Formulae for Railway Crossings and Switches. By J.

Glover. 9 illus., 28 pp., royal 321110. 2s. 6d.
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Setting out of Tube Railways. By G. M. Halden. 9 plates,

46 illus., 68 pp., crown 4to. (1914.) IDS. 6d. net.

Railway Engineering, Mechanical and Electrical. By
J. W. C. Haldane. New edition, 141 illus., xx + 583 pp.,
8vo. (1908.) 155.

Trtie Construction of the Modern Locomotive. By G.

Hughes. 300 illus., 261 pp., 8vo. (1894.) 95.

Practical Hints for Light Railways at Home and Abroad.

By F. R. Johnson. 6 plates, 31 pp., crown 8vo. (1896.)
2s. 6d.

Handbook on Railway Stores Management, By W O.

Kempthorne. 268 pp., demy 8vo. (1907.) IDS. 6d. net.

Railway Stores Price Book. By W. O. Kempthorne.
490 pp., demy 8vo. (1909.) los. 6d. net.

Railroad Location Surveys and Estimates. By F. Lavis.

68 illus, 270 pp., 8vo. (New York, 1906.) i2s. 6d. net.

Pioneering. By F. Shelford. 14 illus., 88 pp., crown 8vo.

(1909.) 35. net.

Handbook on Railway Surveying for Students and Junior

Engineers. By B. Stewart. 55 illus., 98 pp., crown 8vo.

(1914.) 2s. 6d. net.

Modern British Locomotives. By A. T. Taylor. 100 dia-

grams of principal dimensions, 118 pp., oblong 8vo. Second
ed. (1914.) 45. 6d. net.

Locomotive Slide Valve Setting. By C. E. Tully. Illus-

trated, i8mo. is. net.

The Railway Goods Station. By F. W. West. 23 illus.,

xv + 192 pp., crown 8vo. (1912.) 45. 6d. net.

The Walschaert Locomotive Valve Gear. By W. W. Wood.
4 plates and set of movable cardboard working models of

the valves, 193 pp., crown 8vo. Third ed. (New York, 1913.)
6s. 6d. net.

The Westinghouse E.T. Air-Brake Instruction Pocket
Book. By W. W. Wood. 48 illus., including many
coloured plates, 242 pp., crown 8vo. (New York, 1909.)
8s. 6d. net.



SCIENTIFIC BOOKS. 4]

SANITATION, PUBLIC HEALTH AND
MUNICIPAL ENGINEERING

Valuations. By Samuel Skrimshire, F.S.I. A Textbook
on Valuation applied to the Sale and Purchase of Freehold,
Lifehold, Copyhold and Leasehold Property, Assessments
to Duties under the Finance (1909-10) Act, fgio, the En-
franchisement of Copyhold Estate, Assessments for Rating
Purposes, Compensation on Compulsory Purchase, and
Valuations for Advances on Mortgage. Demy 8vo, 200

fully worked examples, 460 pp. (1915). IQS. 6d. net.

Postage : inland, 5^. ; abroad, icd.

Engineering Work in Public Buildings. By R. O. Allsop.

77 illus., ix + 158 pp., demy 4to. (1912.) 125. 6d. net.

Public Abattoirs, their Planning, Design and Equipment.
By R. S. Ayling. 33 plates, 100 pp., demy 4(0. (1908.)
8s. 6d. net.

Sewage Purification. By E. Bailey-Denton. 8 plates,

44 pp., 8vo. (1896.) 55.

Water Supply and Sewerage of Country Mansions and
Estates. By E. Bailey-Denton. 76 pp., crown 8vo.

(1901.) 2s. 6d. net.

Sewerage and Sewage Purification. By M. N. Baker.
Second edition, 144 pp., i8mo, boards. (New York, 1905.)
2s. net.

Bacteriology of Surface Waters in the Tropics. By W.
W.Clemesha. viii -f 161 pp., 8vo. (Calcutta, 1912.) js.6d.
net.

Housing and Town-Planning Conference, 1913. Being a

Report of a Conference held by the Institution of Municipal
and County Engineers at Great Yarmouth. Edited by
T. Cole. 42 folding plates, 227 pp., 8vo. los. 6d. net.

Housing and Town Planning Conference, 1911. Report
of Conference held by the Institution of Municipal and
County Engineers at West Bromwich. Edited by T.
Cole, Secretary. 30 plates, 240 pp., 8vo. IDS. 6d. net.

Sanitary House Drainage, its Principles and Practice. By
T. E. Coleman. 98 illus., 206 pp., crown 8vo. (1896.)

35. 6d. net.
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Stable Sanitation and Construction. By T. E. Goleman.
183 illus., 226 pp., crown 8vo. (1897.) 35. net.

Discharge of Pipes and Culverts. By P. M. Crosthwaite.

Large folding sheet in case. 2s. 6d. net.

A Complete and Practical Treatise on Plumbing and
Sanitation. By G. B. Davis and F. Dye. 2 vols., 637
illus. and 21 folding plates, 830 pp., 4to, cloth. (1899,)
i los. net.

Standard Practical Plumbing. By P. J. Davies.
Vol. I. Fourth edition, 768 illus., 355 pp., royal 8vo.

(1905.) 75. 6d. net.

Vol. II. Second edition, 953 illus., 805 pp. (1905.)
los. 6d. net.

Vol. III. 313 illus., 204 pp. (1905.) 55. net.

Conservancy, or Dry Sanitation versus Water Carriage.
By J. Donkin. 7 plates, 33 pp., 8vo, sewed. (1906.) is.

net.

Sewage Disposal Works. By W. C. Easdale. 160 illus.,

264 pp., 8vo. (1910.) IDS. 6d. net.

House Drainage and Sanitary Plumbing. By W. P.
Gerhard. Eleventh ed., 6 illus., 231 pp., iSmo, boards.

(New York, 1905.) 2s. net.

The Treatment of Septic Sewage. By G. W. Rafter.

137 pp., i8mo, boards. Third ed. (New York, 1913.)
2s. net.

Reports and Investigations on Sewer Air and Sewer Ven-
tilation. By R. H. Reeves. 8vo, sewed. (1894.) is.

Sewage Drainage Systems. By Isaac Shone. 27 folding

plates, 47 illus., 440 pp., 8vo. (1914.) 255. net.

Drainage and Drainage Ventilation Methods. By Isaac

Shone, C.E. 7 folding plates, 36 pp., 8vo, leather.

(1913.) 6s. net. I

The Law and Practice of Paving Private Street Works.

By W. Spinks. Fourth edition, 256 pp., 8vo. (1904.)
I2S. 6d. net.

STRUCTURAL DESIGN
(See Bridges and Roofs)



SCIENTIFIC BOOKS. 43

TELEGRAPH CODES
New Business Code. 320 pp., narrow 8vo. (Size 4} in. by

7! in. and J in. thick, and weight 10 oz.) (New York, 1909.)
i is. net.

Miners' and Smelters' Code (formerly issued as the Master
Telegraph Code). 448 pp., 8vo, limp leather, weight
14 oz. (New York, 1899.) 2 los. net.

General Telegraph Code. Compiled by the Business Code
Co. 1,023 pp., small 4to, with cut side index for ready refer-

ence. (New York, 1912.) 635. net. Postage: inland,
6d. \ abroad, is. qd.

Billionaire Phrase Code, containing over two million sen-

tences coded in single words. 56 pp., 8vo, leather. (New
York, 1908.) 6s. 6d. net.

WARMING AND VENTILATION
Hot Water Supply. By F. Dye. Fifth edition, new impres-

sion, 48 illus., viii H- 86 pp., 8vo. (1912.) 35. net.

A Practical Treatise upon Steam Heating. By F. Dye.
129 illus., 246 pp., 8vo. (1901.) los. net.

Practical Treatise on Warming Buildings by Hot Water.

By F. Dye. 192 illus., 319 pp., 8vo. (1905.) 8s. 6d. net.

Charts for Low Pressure Steam Heating. By J. H. Kinealy.
Small folio. (New York.) 45. 6d.

Formulae and Tables for Heating. By J. H. Kinealy.
18 illus., 53 pp., 8vo. (New York, 1899.) 35. 6d.

Centrifugal Fans. By J. H. Kinealy. 33 illus., 206 pp.,

fcap. 8vo, leather. (New York, 1905.) I2s. 6d. net.

Mechanical Draft. By J. H. Kinealy. 27 original tables

and 13 plates, 142 pp., crown Svo. (New York, 1906.)

8s. 6d. net.

Theory and Practice of Centrifugal Ventilating Machines.

By D. Murgue. 7 illus., 81 pp., Svo. (1883.) 5s.

Mechanics of Ventilation. By G. W. Rafter. Third

ed., 143 pp., i8mo, boards. (New York, 1912.) 2$. net.

Principles of Heating. By W. G. Snow. New edition, 59
illus., xii + 224 pp., 8vo. (New York, 1912.) gs. net.
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Furnace Heating. By W. G. Snow. Fourth edition, 52
illus., 216 pp., 8vo. (New York, 1909.) 6s. 6d. net.

Ventilation of Buildings. By W. G. Snow and T. Nolan.
83 pp., i8mo, boards. (New York, 1906.) 2s. net.

Heating Engineers' Quantities. By W. L. White and G. M.
White. 4 plates, 33 pp., folio. (1910.) los. 6d. net.

WATER SUPPLY
(See also Hydraulics)

Potable Water and Methods of Testing Impurities. By
M. N. Baker. 97 pp., i8mo, boards. Second ed. (New
York, 1905.) 2s. net.

Manual of Hydrology. By N. Beardmore. New impres-
sion, 18 plates, 384 pp., 8vo. (1914.) los. 6d. net.

Boiler Waters, Scale, Corrosion and Fouling. By W. W.
Christie. 77 illus., 235 pp., 8vo. (New York, 1907.)
I2s. 6d. net.

Bacteriology of Surface Waters in the Tropics. By W. W.
Glemesha. 12 tables, viii + 161 pp., 8vo. (Calcutta,

1912.) 75. 6d. net.

Water Softening and Purification. By H. Collet. Second

edition, 6 illus., 170 pp., crown 8vo. (1908.) 55. net.

Treatise on Water Supply, Drainage and Sanitary Appliances
of Residences. By F. Colyer. 100 pp., crown 8vo.

(1899.) is. 6d. net.

Purification of Public Water Supplies. By J. W. Hill.

314 pp., 8vo. (New York, 1898.) los. 6d.

Well Boring for Water, Brine and Oil. By C. Isler. Second

edition, 105 illus., 296 pp., 8vo. (1911.) zos. 6d. net.

Method of Measuring Liquids Flowing through Pipes by
means of Meters of Small Calibre. By Prof. G. Lange.
I plate, 16 pp., 8vo, sewed. (1907.) 6d. net.

On Artificial Underground Water. By G. Richert. 16

illus., 33 pp., 8vo, sewed. (1900.) is. 6d. net.

Notes on Water Supply in new Countries. By F. W. Stone.
18 plates, 42 pp., crown 8vo. (1888.) 55.
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The Principles of Waterworks Engineering. By J. H. T.
Tudsbery and A. W. Brightmore. Third edition, 13

folding plates, 130 illus., 447 pp., demy 8vo. (1905.) i is.

net.

WORKSHOP PRACTICE
For Art Workers and Mechanics

Alphabet of Screw Cutting. By L. Arnaudon. Fifth

edition, 92 pp., cr. 8vo., sewed. (1913.) 45. net.

A Handbook for Apprenticed Machinists. By O. J. Beale.
Third ed., 89 illus., 141 pp., i6mo. (New York, 1901.)
2s. 6d. net.

Practice of Hand Turning. By F. Campin. Third edition,

99 illus., 307 pp., crown 8vo. (1883.) 35. 6d.

Artistic Leather Work. By E. Ellin Carter. 6 plates and
21 illus., xii + 51 pp., crown 8vo. (1912.) 2s. 6d. net.

Calculation of Change Wheels for Screw Cutting on Lathes.

By D. de Vries. 46 illus., 83 pp., 8vo. (1914.) 35. net.

Milling Machines and Milling Practice. By D. de Vries.

536 illus., 464 pp., medium 8vo. (1910.) 145. net.

French -Polishers' Manual. By a French-Polisher. New
impression, 31 pp., royal 321110, sewed. (1912.) 6d. net.

Art of Copper-Smithing. By J. Fuller. Fourth edition,

483 illus., 319 pp., rojT-al 8vo. (New York, 1911.) i2s. 6d.

net.

Saw Filing and Management of Saws. By R. Grimshaw.
Third ed., 81 illus., i6mo. (New York, 1912.) 45. 6d. net.

Cycle Building and Repairing. By P. Henry. 55 illus.,

96 pp., cr. 8vo. (S. & C. SERIES, No. 43.) is. 6d. net.

Paint and Colour Mixing. By A. S. Jennings. Fourth

edition, 14 coloured plates, 190 pp., 8vo. (1910.) 55.

net.

The Mechanician : a Treatise on the Construction and Mani-

pulation of Tools. By C. Knight. Fifth edition, 96
plates, 397 pp., 4to. (1897.) i8s.

Turner's and Fitter's Pocket Book. By J. La Nicca. i8mo,
sewed. 6d.
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Tables for Engineers and Mechanics, giving the values of the
1 different trains of wheels required to produce Screws of any
pitch. By Lord Lindsay. Second edition, royal 8vo,

oblong, zs.

Screw-cutting Tables. By W. A. Martin. Seventh edition.

New imp., oblong 8vo. is. net.

Metal Plate Work, its Patterns and their Geometry, for the
use of Tin, Iron and Zinc Plate Workers. By C. T. Millis.

Fourth Ed., New imp., 280 illus., xvi + 456 pp., cr. 8vo.

(1912.) gs.

The Practical Handbook of Smithing and Forging. Engin-
eers' and General Smiths' Work. By T. Moore. New
impression, 401 illus., 248 pp., crown 8vo. (1912.) 55. net.

Modern Machine Shop Construction, equipment and man-

agement. By O. E. Perrigo. 208 illus., 343 pp., crown

4to. (New York, 1906.) i is. net.

Turner's Handbook on Screw-cutting, Coning, etc. By
W. Price. New impression, 56pp., fcap. 8vo. (1912.) 6d.

net.

Introduction to Eccentric Spiral Turning. By H. C.
Robinson. 12 plates, 23 illus., 48 pp., 8vo. (1906.)

45. 6d. net.

Manual of Instruction in Hard Soldering. By H. Rowell.
Sixth edition, 7 illus., 66pp., crown 8vo. (New York, 1910.)

35. net.

Forging, Stamping, and General Smithing. By B. Saun-
ders. 728 illus., ix + 428 pp., demy 8vo. (1912.) i is.

net.

Pocket Book on Boilermaking, Shipbuilding, and the Steel

and Iron Trades- in General. By M. J. Sexton. Sixth

edition, new impression, 85 illus., 319 pp., royal 32mo, roan,

gilt edges. (1912.) $s. net.

Power and its Transmission. A Practical Handbook for the

Factory and Works Manager. By T. A. Smith. 76 pp.,
V fcap. 8vo. (1910.) 2s. net.

Spons' Mechanics' Own Book : A Manual for Handicrafts-

men and Amateurs. Sixth' edition; New impression, 1,430

illus.-, 720 pp., demy 8vo. (1914.) 6s.

Ditto ditto half French morocco, 75. 6d..
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Spons' Workshop Receipts for Manufacturers, Mechanics
and Scientific Amateurs. New and thoroughly revised

edition, crown 8vo. (1909.) 35. each net.

Vol. I. ACETYLENE LIGHTING to DRYING. 223 illus.,

532 pp.
Vol. II. DYEING to JAPANNING. 259 illus., 540 pp.
Vol.

1

III. JOINTING PIPES to PUMPS. 257 illus., 528 pp.
Vol. IV. RAINWATER SEPARATORS to WIRE ROPES.

321 illus., 540 pp.

Gauges at a Glance. By T. Taylor. Second edition, post
8vo, oblong, with tape converter. (1900.) 55. net.

Simple Soldering, both Hard and Soft. By E. Thatcher,

52 illus., 76 pp., crown 8vo. (S. & C. Series, No. 18.)

(New York, 1910.) is. 6d. net.

The Modern Machinist. By J. T. Usher. Fifth edition,

257 illus., 322 pp., Svo. (New York, 1904.) IQS. 6d. net.

Practical Wood Carving. By C. J. Woodsend. 108 illus.
;

86 pp., Svo. Second ed. (New York, 1908.) 45. 6d. net.

American Tool Making and Interchangeable Manufacturing.

By J. W. Woodworth. Second Ed. 600 illus., 535 pp., Svo.

(New York, 1911.) i8s. net.

USEFUL TABLES
See also CURVE TABLES, EARTHWORK, FOREIGN EXCHANGE,

INTEREST TABLES, LOGARITHMS, AND METRIC TABLES.

Weights and Measurements of Sheet Lead. By J. Alex-
ander. 32mo, roan. is. 6d. net.

Barlow's Tables of Squares, Cubes, Square Roots, Cube Roots
and Reciprocals, of all Integer Numbers from I to 10,000.

200 pp., crown Svo, leather cloth. 45. net.

Tables of Squares. Of every foot, inch and ^ of an inch from

^ of an inch to 50 feet. By E. E. Buchanan. Eleventh

edition, 102 pp., i6mo. 45. 6d. net.

Land Area Tables. By W. Codd. For use with Ajnsler's

Planimeter. On sheet in envelope with explanatory

pamphlet, is. 6d. net. Or separately : tables on sheet is. net.

Pamphlet, 6d. net.
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Calculating Scale. A Substitute for the Slide Rule. By W.
Knowles. Crown 8vo, leather, is. net.

Planimeter Areas. Multipliers for various scales. By H. B.
Molesworth. Folding sheet in cloth case. is. net.

Tables of Seamless Copper Tubes. By I. O'Toole.

69 pp., oblong fcap. 8vo. 35. 6d. net.

Steel Bar and Plate Tables. Giving Weight per Lineal Foot
of all sizes of L and T Bars, Flat Bars, Plates, Square, and
Round Bars. By E. Read. On large folding card. is.

net.

Rownson's Iron Merchants' Tables and Memoranda. Weight
and Measures. 86 pp., 32mo, leather. 35. 6d.

Spons* Tables and Memoranda for Engineers. By J. T.

Hurst, C.E. Twelfth edition, 278 pp., 641110, roan, gilt

edges. (1915.) is. net.

Ditto ditto in celluloid case, is. 6d. net.

Optical Tables and Data, for the use of Opticians. By Prof.

S. P. Thompson. Second edition, 130 pp., oblong 8vo.

(1907.) 6s. net.

Traverse Table, showing Latitudes and Departure for each

Quarter degree of the Quadrant, and for distances from I to

100, etc. i8mo, boards. 2s. net.

The Wide Range Dividend and Interest Calculator, showing
at a glance the percentage on any sum from i to 10,000,
at any Interest from i% to 12J%, proceeding by J% ; also

Table of Income Tax deductions on any sum from i to

10,000, at gd., is., and is. 2d. in the . By Alfred Stevens.
100 pp., super royal 8vo. 6s. net. Quarter Morocco,
cloth sides. 75. 6d. net.

The Wide Range Income Tax Calculator, showing at a

glance the tax on any sum from One Shilling to Ten Thou-
sand Pounds at the Rates of

yd., is., and is. 2d. in the .

By Alfred Stevens. 8 pp., printed on stiff card, royal 8vo.

is. net.

Fifty-four Hours' Wages Calculator. By H. N. Whitelaw.
Second edition, 79 pp., 8vo. 2s. 6d. net.
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Wheel Gearing. Tables of Pitch Line Diameters, etc. By A.

Wildgoose and A. J. Orr. 175 pp., fcap. 321110. 2S.

net.

MISCELLANEOUS
The Atmosphere : Its Characteristics and Dynamics. By

F. J. B. Cordeiro. 35 illus., 129 pp., crown 4to. (New-

York, 1910.) los. 6d. net.

Popular Engineering. By F. Dye. 704 illus., 477 pp., crown

4to. (1895.) 5s. net.

The Phonograph, and how to construct it. By W. Gillett.

6 folding plates, 87 pp., crown 8vo. (1892.) 55.

Engineering Law. By A. Haring. Demy 8vo, cloth. (Neu
York.)

Vol. I. THE LAW OF CONTRACT. 518 pp. (1911.)

175. net.

Particulars of Dry Docks, Wet Docks, Wharves, etc., on the

River Thames. By C. H. Jordan. Second edition, 7
coloured charts, 103 pp., oblong 8vo. (1904.) 2s. 6d.

net.

New Theories in Astronomy. By W. Stirling. 335 pp.,

demy 8vo. (1906.) 8s. 6d. net.

Inventions, How to Protect, Sell and Buy Them. By F.

Wright. 118 pp., crown 8vo. (S. & C. SERIES, No. 10.)

Second edition. (New York, 1911.) is. 6d. net.

'
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The Journal of the Iron and Steel Institute.

Edited by G. C. LLOYD, Secretary.
Published Half-yearly, 8vo. i6s. net

Carnegie Scholarship Memoirs.
Published Annually, 8vo. los. net.

The Journal of the Institution of Electrical

Engineers.
Edited by P. F. ROWELL, Secretary.

Issued in quarto parts. The number of parts are from

12 to 16 annually. Annual Subscription, 465., payable
in advance. Single numbers, 35. gd. post free.

The Proceedings of the Institution of Municipal
and County Engineers.

Edited by THOMAS COLE, Assoc.M.Inst.C.E., Secretary.

Issued in monthly parts (fortnightly during April, May, June
and July). Price is. yd., post free, each part.

Transactions of the Institution of Gas
Engineers.

Edited by WALTER T. DUNN, Secretary.

Published Annually, 8vo. los. 6d. net.

Proceedings of the International Association
for Testing Materials.

(English Edition.)

Proceedings of 5th Congress, i8s. net. Proceedings of 6th

Congress, 305. net.

Transactions of the American Institute of

Chemical Engineers.
Published Annually, 8vo. 305. net.

Transactions of the Paint and Varnish Society.

Annual Subscription, Inland, 55. 4^. ; Abroad, 55. 8d., post free.

Bound Volumes, each, 55. net. Issued Annually.

Butler & Tanner Frome and London
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