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EXPEOSIVES

By Robert M. Black.*®

It iz natural to associate explosives with de-
gtruction, but their use in construction and up-
building has been a large factor in the history of
civilization. They have been essential in making
the exeavations for many railroads, canals, and
buildings, they have assisted in agriculture, they
have made quarry work easy, they have limited
conflagrations and they havie made possible eco-
nomical mining.

Primitive mines appear to have been surface
accumulations of gems or minerals, which were
loosened with pointed sticks. The ancients later
used alternate applications of fire and water to
loosen the waluable mineral, or rock containing it.
Such methods could not produce a quantity of
mineral sufficient to meet the growing demands.
Nor did the hest of the early methods penetrate
beyond wvery shallow depths, unless the material
happened to be exceptionally rich and easy to
work. While there are some szubstitutes for ex-
plosives now used in a limited way in mining prac-
tice, atill the history of minéral production shows
the dependence of the industry on explosives. In-
‘ereazed use has brought about improvements in
composition, in facilities for use, in safety and in
cost, most of which development has taken place
within comparatively recent times. Explosives are

to be credited not only with the large production
of mineral generally, but alzo with the entire pro-
duction of certain minerals that occur under con-
ditions rendering them difficult or impossible of
winning otherwise. Practically all the coal mined
in the United States iz broken from the seam by
the uze of explozives.

The oldest explosive is believed to be gunpow-
der, but the date of its invention and the name of
the inventor remain uncertain., A document still
preserved at Florence, Italy, relating to the manu-
facture of cannon, refers incidentally to gunpow-
der. The date, February 11, 1326, marks the firat
unguestioned reference to the use of gunpowder
in Europe, Roger Bacon, the English philosopher,
who lived in the thirteenth century, writes of a
mixture composed of saltpeter, charcoal and sul-
phur in proportions similar to those of gunpowder,
“producing noise like thunder and flashes like
lightning.” It seems to have been regarded at that
time as a curiosity, and its applications to useful
work were unknown., There is gome reason to
refer the invention of gunpowder back to more
ancient fime, when, according to the views of some,
the Chinese, Greeks and other races had substances
resembling it, but the evidence iz by no means
conclusive,

DESCRIPTION OF EXPLOSIVES

An explosive is defined as a substance capable
of extremely rapid decomposition into a relatively
large volume of gases under the action of either
heat or shock. Combustion is the union of any
element with oxygen, a familiar example of which
iz the burning of wood, the carbon of the wood
uniting with oxygen to form gases. The gases in
thiz case are formed slowly, and have abundant
opportunity to pass off into the atmosphere with-
out disturbance. If the rate of formation of the
combustion gases is rapid, and if the wvolume of
.such gases i3 much greater than can be contained
in the space formerly oceupied by the combustible
asubstance, then the pressure on the inside of the
space containing the gaszes is s0 great that the
enclosing material iz ruptured and fragments are
thrown to varving distances, The pressure is
further increased by the heat of combustion ex-
panding the gases formed.

Gunpowder

The standard proportion of materials are 75
parts potassium nitrate, 15 parts charcoal and 10
parts sulphur. The charcoal contributes carbon,
the szaltpeter furnishes oxygen and the sulphur
produces a temperature necessary for combustion.
For use in guns potassium nitrate iz preferred to
sodium nitrate or Chile saltpeter, as it keepa drier,
and, therefore in better condition for use after long
periods of preservation.

Black Blasting Powder

For a blasting powder, either of the two salt-
peters may be used, but the consideration of econ-
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omy favors the sodium nitrate. Powders made
from either zaltpeter are known commonly by the
name of black powder, or blasting powder, that
containing potassium nitrate being usually desig-
nated by manufacturers as “A", and that contain-
ing sodinum nitrate as “B”. When sodium nitrate
iz used, the proportions of the mixture are slightly
different, namely, 73 parts sodium nitrate, 16 parts
charcoal, 11 parts sulphur. The difference is due
chiefly to the faet that they oxygen content of so-
dinm nitrate is greater than that of potassium ni-
trate. In ezeh case, the intention is to provide just
enough oxyvgen to eonsume the carbon and sulphur,

Blazsting powder is marketed in granular form,
“A” powder, Fig. 1, usually in seven different sizes,
and “B" powder, Fig. 2, in the same number, each
gize being designated by one or more letfers. I
general, the sizes of “A” and “B"” powders do not
correspond, the “B” averaging larger than the “A”,

The powder iz packed in sheet steel kegs,
usually of 25 pounds ecapacity, although the use of
fibre for the material of the container is also in
favor., The chief advantage of the latter is that it
a nonconductor of electricity, and is. therefore,
safer for transportation in cars hauled by electric
locomotives. If the powder is received in metal
containers, it may be transferred to fibre contain-
ers, provided with bail handles and designed spec-
ially for such transportation. The latter are known
as electrical pails, and are used for other explo-
sives, as well as blasting powder. The same ma-
terial has been employed in making powder flagks

=Agsooiate Professor of Minlng, TUniversity of Plitsburgh,
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for the individual miner, these being of the maxi-
mum capacity permitted by law, usually five pounds.

The sizes of powder are carefully separated at
the factory, and grains of one size only are shipped
in one container. The chief purpose of this pre-
eaution is to insure, as far as possible, uniformity
in rate of burning., If grains of different sizes were
mixed, the smaller graing would burn more quickly,
and tend to throw the larger grains in an unburned
or incandescent state out of the hole. Under some
circumstances, the result would be only a waste
of the larger grains, but if explosive gas were pres-
ent, as is often the case in coal mines, the danger
of igniting it would be very great. Another advan-
tage of uniform sized grains is the standardizing
of results, which makes possible the selection of
powders suited to certain requirements. The grains
are usually glazed with graphite to render them
more impervious to moisture, Fine grained pow-
ders are quicker, and tend to shatter the material
more, while coarse grained powders are slower and
have more of a lifting effect.

Chlorate Powder

Oxygen may be obtained from other compounds
beside nitrates, and many efforts have been made
to adapt such substances to use In explosives.
Some success has been attained with potassium

Ir “A"” BLASTING POWDER

Fig. 1—Sizez of "A" Blasting Powder.
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chlorate (KCO,), but the liability of this sub-
stance to explode on slight friection has prevented
its general use. Methods have been devised, how-
ever, of restricting this tendency by mixing with
certain other substances, such as starch, and the
results have been satisfactory.

"B BLASTING POWDER

Fig, 2—8izes of "B" Blasting Powder,

Nitrogl yeerin

Oxvegen may be made to unite chemically with
certain substances by treating the substances with
nitric acid (HNO,). The nitric acid is manufac-
tured from either of the saltpeters, and contains
the same quantity of oxygen as the saltpeter. One
substance frequently treated with nitric acid for
this purpose is glycerin, C.H,(OH),, the result of
the nitration being a compound known as nitro-
glycerin, C,H,(NO),. In this process, sulphuric
acid is first run into nitric acid, then gyleerin into
this mixture, the heat of the reaction being dissi-
pated by careful stirring and sometimes artificial
cooling. The nitroglycerin formed is separated
from the acid by pouring into cold water, and is
then purified.

Nitroglycerin ias a colorless, oily liguid with spe-
cific gravity about 1.6. It freezes at a temperature
of about 55° F., and is evaporated by heating, but
at 306° F. explodes by reason of the temperature
alone, It is poisonous to the human system in-




60 4 EXPLOSIVES TREATISE.

ternally and extermally, but the danger from con-
tact poisoning diminishes with continued handling.
It is exploded ordinarily by shock, and is very sen-
gitive to shocks; therefore, is especially dangerous
to handle., In the liquid condition, it is little used,
but when associated with certain solid substances,
its properties may be employed with reasonable
safety Nitroglycerin is among the most important
of all explosives commercially.

There are two general classes of explosives, rep-
resented respectively by gunpowder and nitrogly-
cerin, and known as low and high explosives on
account of the difference between their effects, The
game classes are known as deflagrating and deto-
nating explosives, because of the manner of their
ignition. High explosives are more rapid and more
powerful than low explosives.

Dynamite

Nitroglycerin is used most in connection with
an absorbent material, or dope, such as wood meal
or infusorial earth, and the mixture iz known as
dynamite. Its specific gravity iz about 1.4, Dyna-
mite possesses the properties of nitroglycerin, but
iz safer to transport and handle than the liguid.
Dopes may be inactive, as those mentioned above,
or they may be active, and contribute to the ex-
plosion of the dynamite. An example of active
dope sometimes used is gunpowder. Dynamite and
other nitroglycerin mixtures are graded accord-
ing to their strength by percentages of nitrogly-
cerin, or its equivalent, present in the mixture. The
usual rainge is from 15 per cent. to 60 per cent.
For purposes of comparison, the United States Bu-
reau of Mines has adopted as its standard straight
dynamite a mixture of 40 per cent. nitroglycerin,
44 per cent. sodium nitrate, 15 per cent. wood pulp
and 1 per cent. caleium carbonate.

For commercial use, dynamite iz packed in
paraffined paper cartrtidges 8 inches long and
usually 114 or 114 inches in diameter, The cart-
ridges are packed in wooden boxes, each contain-
ing 25 or 50 pounds.

The products of eombustion of 200 grams of
standard dynamite are stated as follows:*
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THE EXPLOSIVE

Grams.
Bolid ... B e il T
Liguid l'\.\ |.11|'I ......................................... 14.5
L e e e L B84
Gaseons Products of Combmstion
Per cenl.
by 'l.l.'l'!Ll:Iu'E'
CATDON OIS o cyonsan a9 nm e tn m e m BB Bk A E e SR 51.4
T LT 1 T vt e m] s | R Rl b U e et e o R S TR e R B0
15 Bt 4 e e e B R S A 22
Meaethane TP S Lt R e L T el SR e e B S e - |
L e e i e R S P |y by
100.0
Solid Products of Combumstion

Per cent
Boluoble (sodivm CArbOnALe) ..ocvecrnermasrrarsanranssss T9.43

Insoluble (calcium carbonate, trace of unburned ecar-

bonaceous matter, and carbonates and oxides of
copper, Iron, and HIn) . ..... cieecinninsnnnnnssmaness  BILBT
LA

GASEOUSE PRODUCTS OF COMEUSTION FEOM 200 GRAMS
OF THE EXPLOSIVE AND 124 GERAMS
OF PAFER WRAFFER

Per cent.

N o Y T e s e i . 27.3
e T T L e s e e
35 ] e i L 15.0
L b e e e S S e e ol 4
I e R o e e i e Tt o e g 27.4
100.0

BECTION XVI

Guncotton

If cotton is treated with nitrie aecid in a manner
corresponding to the treatment given the glyeerin,
there results a substance, guncotton, or nitrocellu-
loze, which is highly explosive. The chemieal pro-
cesg iz essentially a replacement of the hydrogen
in the cotton by nitrogen and oxygen, this provid-
ing the oxygen necessary for burning the substance
with explosive rapidity. Another high explosive,
similar to guncotton in its composition and manu-
facture, is nitrostarch, made by nitrating starch.

Blasting Gelatine

A solution of guncotton in nitroglycerin makes
a gelatinous substance, known as blasting gelatine,
which is an extremely quick and powerful explosive,
inasmuch as the carbon that would be left affer
explosion of the cuncotton alone is consumed by
the oxygen that would be left by the explosion of
the nitroglycerin alone, The strength of blasti
gelatine is rated at 100 per cent, The mixture?:ﬁ
blasting gelatine with an absorbent dope iz known
as gelatine dynamite. KEither form is considered
to be especially suited to blasting under water.
Grades of Gelatin Dynamite vary from 20 to 60%.

Judson Powder

Granulated nitro-powder consists of sulphur,
nitrate of soda, and high-grade blacksmith's eoal’
melted together and broken up to a size about the
same as FFF blasting powder and coated with
nitroglycerin. Powders of this description
known as Judson and low powder. The lowest
grade is designated R.R.P. and contains 5 per cent,
nitroglycerine. The highest contains 20 per caent.
R.R.P. should have a primer of 40 per cent.
stronger dynamite in the proportions of 1 lh. of
dynamite to 25 lb. of R.R.P. Those above 10 -:-é
cent in grade can be detonated with a blasting cap,
This explosive iz not recommended for underground
work, on account of the nature of the fumes pro=
duced.

Low Freezing Explosives

Dynamite and other nitroglycerin mixtures
must be thawed when frozen, because in the f
condition, they are less susceptible to detonation;
but more susceptible to ignition by friction. h:‘
the addition of certain chemiecals to a nitroglyceri
mixture, the freezing point may be greatly reduce d,
and thawmg rendered unnecessary. There an
many such low freezing explosives on the ms
but no claim is made for them that they will
freeze at any temperature.

Fulminates and Detonatorsy

In practice the detonation of high explosives]
accomplished by means of an intermediate ages
that will produce a violent impulse embodying b
shock and heat. According to some investigaton
the ideal condition would be to have a detond I
of a special composition for each kind of exp
as within certain limits some seem to be
gensitive to the heat factor and others to the 2
nesg of the shock. This, however, 15 not cd
mercially practicable, and the aim of the ..."

*Rulletin 16, U. 8. Bureau of Minesx, page 172,

tCharles 8. Hurter, in Engineering & Mining .Tuurn.ll.
25. 132%Z,
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turers has been to make an all-round satisfactory
detonator.

Until recently fulminate of mercury has formed
the basis of nearly all commercial detonatcrs, and at
present, in most of them, this compound is the
main ingredient. Mixtures of fulminate of mercury
with other compounds are made with the object of
increasing its sensitiveness to ignition and also
for increasing the volume and temperature of the
gaseous products, to give a greater effectiveness.
Detonating in its own volume, as it does, the effect
of straight fulminate is too local. The compound
most commonly used for the purpose noted is chlor-
ate of potash,

Compounds of Fulminate and Chlorate

The chemieal reaction involving fulminate of
mercury and chlorate of potash for complete com-
bustion of their products may be expressed accord-
ing to the following equation:

3 Hg C.N.0, 4 2K Cl10, =6 CO, + 6N +
3 Hg + 2K(Cl

Molecular weighta are 852.12 for the fulminate and
245.2 for the chlorate. At the detonation temper-
atures of fulminate of mercury the oxides of
mercury cannot exist.

According to thiz reaction 852.12 parts of ful-
minate of mercury are mixed with 245.2 parts by
weight of chlorate of potash to bring about com-
plete combusion. This proportion can be expressed
approximately as T8 per cent. of fulminate and
22 per cent of chlorate. The mixtures used in
detonators have varied from 95 per cent. fulminate
of mercury and 5 per cent chlorate of potash to
80 per cent fulminate and 20 per cent chlorate.

According to tests made by the Bureau of Mines
{Technical Paper No. 125, “The Sand Test for
Determining the Strength of Detonators™) several
vears ago, the 80—20 mixture creates a more
effective detonating impulse than the 90—10, the
95—5 mixture, or even straight fulminate.

Completeness of Explosion Depends On Amount of
Explosive Set Off At Start

The completeness of the explosion and the dis-
tanee it travels through the charge depends on the
amount of explosive actually set off at the start
by the detonator. This is governed by two facts,
the size of the detonator charge and its distribu-
tion. The first is self-explanatory. By using a
small-diameter detonator which extends the charge,
the amount of explosive acted upon by the detonator
15 increased and the consequent detonation wave
started off with greater intensity. Another point
is that no explosive attains its maximum rate of
detonation or violence instantly in the first layers
affected.

Even fulminate of mercury does not start its
detonation at full speed. This, however, is attained
quickly after the detomation is started. Conse-
quently, in the smaller-diameter detonators, a larger
percentage of the fulminate charge is exerting its
maximum possible effect, owing to its being extend-
ed over a greater length, which gives it a chance
to attain its maximum violence of detonation, which
iz not the condition with the larger-diameter blast-
ing cap containing the same charge.

MINING CATALOG

It is true that fulminate of mercury attains its
full velocity more quickly in a large-diameter
capsule, but with an explosive so sensitive this
point is negligible when compared with the better
results obtained from the explosive detonated by
having a larger amount of this explosive brought
under the direct influence of the fulminate. Also,
it is possible with fulminate of mercury, as with
all the other high explosives, to reduce the diam-
eter of the charge to a point where the detonation
wave cannot pass through it. The necessary
diameter for good fuse limits the manufacturer to
a minimum inside diameter of 0.221 in. for blasting
caps. The making and placing of a substantial plug
in electric blasting caps necessitates a minimum
inside diameter of 0.260 in.

Effectiveness of Composition Detonators

The subject of the effectivness of composition
detonators, referred to in some of the Bureau of
Mines reports as reinforced detonators, is there-
fore of pertinent interest. It has been shown
beyond question by the Bureau of Mines and other
investigators that certain nitro-substitution com-
pounds and nitrated carbohydrates, such as nitro-
vene, tetryl, tetranitroanilin, and nitromannite,
each with a small quantity of fulminate-chlorate
mixture as a primer, make, if anything, more
efficient detonators than fulminate and chlorate
alone. The compounds named must be kept in close
confinement if they are to exert their full explozive
force, and to obtain this the small amount of ful-
minate used as a primer is placed in an interior
copper capsule which is seated firmly on the charge,
In fact, good confinement is necessary for detonator
charges as well as for all other explozives,

Some blasting caps that have appeared on the
market will not detonate unless rightly crimped on
the fuse. Even the straight fulminate-chlorate
caps give a better test and improved detonation
resultz when they are tightly fastened on the fuse
than when only partly crimped or held loosely in
place. The lighter speecific gravity of these com-
pounds results in a more bulky and extended charge
in the shell, with a greater amount of explosive
upon which a direct action iz exerted as a result.
Thus the detonation wave in the main expleosive
charge is started off with a greater intensity and
a better explosive action, and more satisfactory
results are obtained. This type of detonator is
being received with favor, and with later perfections
that will probably be evolved may largely if not
completely replace the present-day fulminate-
chlorate blasting caps.

Comparative Strengths of Blasting Explosives*

In the course of its investigations of blasting
explosives, the U. S. Bureau of Mines (Bull. 48)
has made tests to determine the potential energy,
the disruptive effect and the propulsive effect of
some of the explogives in common use. The po-
tential energy was measured by means of the bomb
calorimeter in water. The disruptive effect was
measured, using the Mettegang recorder, detonat-
ing fuse, Trauzl lead blocks and small lead blocks.
The propulsive effect was measured in the Bichel
pressure gage and by means of the ballistic pendu-
lum. The tabulated results are given herewith, to-

g *FEng, and Min, Journal.
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gether with the approximate composition of typical
examples of the various explosives. The percent-
ages figured are rated against the effect of 40%
straight nitroglycerin dynamite taken at 100 per
cent.

The figures are fairly consistent with general
practice, and it is believed that the classification
will serve as a useful guide for comparing the prac-
tical value of explosives, It iz worthy of note that
the potential energy of 40% strength ammonia dy-
namite and of 40% strength gelatin dynamite, that
is, the theoretical maximom work that these ex-
plosives can accomplish, is higher than that of 409
straight nitroglycerin dyvnamite, but that the dis-
ruptive and propulsive effects, which represent the
useful work done as shown by actual tests, are less.
Accordingly, straight nitroglycerin dynamite is
more economical for general use in blasting oper-
ations if the conditions and character of the work
are such as to permit its use; nevertheless, the am-
monia dynamite and the gelatin dynamite are more
efficient and economical for certain kinds of work
that require explosives having a large propulsive
effect and a comparatively small disruptive effect.
For example, in blasting soft rock, 40% straight
nitroglyeerin dynamite, which has a very high per-
cussive force, may be too quick in action, whereas
the ammonia dynamite or the gelatin dynamite
having practically the same heaving and pushing
action and lesa percuasive force will be more suit-
able. The tests also show that 60% strength low-
freezing dynamite is not quite equivalent to the
40% straight nitroglycerin dynamite. It is worthy
of note that black blasting powder has little dis-
ruptive effeet, only about one-third that of granu-
lated nitroglycerin powder.

Means of Firing

The simplest means of firing is a squib, a thin
paper tube, about 6 inches long, one end of which

7/
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0

containg a core of meal powder and the other a
slow match. After the cartridges are in position,
a copper, or copper tipped, needle a quarter of an
inch in diameter iz pushed into the outer end of the
charge, as shown in Fig. 9. About the needle the
clay tamping material is packed with a wooden
bar. The needle is then withdrawn, leaving a pas-
sage of ita own dimensions from the outside of the
hole to the powder. Into this hole the squib is
placed. After the match is lighted, Fig. 10, a brief
interval elapses before the squib is projected for-
ward like a rocket and its flame ignites the powder.

) %
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Fig. 10—Drill Hole, Showing EBquib Lighted,

The squib has the advantage of cheapness, and
usually of time saving, but is uncertain on account
of possible caving of the needle hole. Another ob-
jection iz the danger of igniting explosive gases
that may be present.

To make the passage for the squib more sub-
stantial, a blasting barrel, Fig. 11, is sometimes
used, which is a section of pipe of suitable length
and diameter. The squib is used in the zame man-
ner as when the passage is formed by a needle.
The blasting barrel is usually recovered after an
explosion and used again.

A second means of igniting a charge of powder
is fuse, generally called safety fuse, Fig. 12, which

Fig, 9—Drill Hole, Showing Needle in Place, Fig. 11—Drill Hole, Showing Blasating Barrel in Place
{
TYIFICAL ANALYSES AND STRENGTHS OF OOMMON BLASTING EXPLOBIVES®
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Htraight nitroglyoerin dynamite, B0, ... ... &0 bl4 35 1 i 111,10 1092 1074
Btraight nitroglyeerin  dynamite, 0095 e &0 (1] FH 1 Coi gt 104.0 118.8 1148
Low-freezing dynamite, 409 ... ....vinnnns 30 BlS 44 1 10 a4 U o o
Low-freezing dvnnmite, G0%,..... At s 45 b6 a3 1 16 e va B2 1.5 Bl1.2
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A Woud pulp, four mnd sulphur
b Weod pulp iy,
& Bulphur, eoal and resin,

*Eng. and Min. Journal.
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iz a train of fine powder enclosed in hemp or cot-
ton, covered with one or more layers of tape for
the purpose of waterproofing. When lighted at one
end, flame travels along inside the tube to the other
end, where, if placed within the charge, it ignifes
the powder. Fuse usually burns at the rate of 114
to 2 feet per minute, and the rate is specified by the
manufacturer, The blaster is thus enabled to esti-

.
R

)

T, 12—Drill Hole, Showing Fuse in Flace.

mate the length of fuse required to enable him to
reach a safe place, and by cutting a fuse to proper
length, may take more time than a squib would
allow. The rate of burning cannot be guaranteed,
however, as fuse may be subjected to injury that
would interrupt the train of powder. It is advis-
able to make tests of the fuse in use for rate of
burning. Failure of a charge to explode may he
only temporary, and the flame may be started
again of its path after an interval. Many lives
have been lost by returning prematurely to investi-
pate a delayed ignition. Fuse is prepared for con-
ditions varying from dry to submarine, the differ-
ence being mainly in the character of taping., The
uncertainty of fuse and its tendency to flame are
serious ohjections. ’

A third method of ignition involves the use of
detonators. It may be applied to low explosives,
but is most used in firing high explosives and per-
missibles, and is the only approved method of firing
the latter. A detonator is distinguished from an

!_
I
:
:
:

Fig. 1i—Detonators.

electric detonator. The former is commonly called
a blasting eap. A blasting cap (or detonator
proper), as shown in Fig. 13, is a copper cylinder

S, W g Cree—

e R LT
Flg. 14—Fuse and Detonator.

about a quarter of an inch in diameter and from
114 inches to 174 inches long, filled for about one-
third to one-half its length with mercury fulminate

MINING CATALCG

or a mixture of mercury fulminate with potassium
chlorate., The sensitiveness and other qualities of
these substances have already been described. The
other end of the detonator is left open for inserting
the end of a fuse, which, when lighted, conveys
flame directly to the mercury
fulminate or other compesition.
The ignition of this substance
produces a shock that is ample
to detonate completely the
charge of high or permissible
explosive. In the attachment of
fuse to blasting cap, Fig. 14, it
is degirable to have a tight fit, in
order to maintain their relative
position, but not so tight as to
break the powder train inside
the fuse. The best and safest
means of attaching is a erimper
designed for the purpose. The
crimper is often combined with
a fuse cutter in one tool.

o

s
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An  electric detonator, or
electrie blasting ecap, serves the
game purpose as the detonator
or blasting cap used with fuse,
but is so constructed that it ean
be fired by discharging an elec-
tric current through it. It consists, as
shown in Fig. 15, of a copper shell, contain-
ing at its inner end the charge of mercury
fulminate, followed sometimes by
guncotton, next a waterproot
plug and at the outer end a
quantity of filling material. In-
sulated copper wires enter the
cap and traverse the filling ma-
terial and plug, terminating in
the fulminate or guncoton. The
enda, or poats, of the copper wires
are connected by a platinum
bridge, which is heated to incan-
deacence by the electric current,
thus exploding the charge. De-
tonators, whether electric or not,
are designated by numbers, each
number representing a different
strength. No. 6, for example,
containsg 1.00 gram of the charge.

Fig, 1i—~8ectional
View of Hleotric
Detonator,

An eleetrie squib, Fig, 16, has
been designed to replace the ordi-
nary type of squib when blasting :
powder is used. It is a paper shell, Eleciric
containing a composition that Sewit
e flames when the electric ecurrent *Asj‘::]r
priE, 1T, passes through it, and thus ig- "¢

Electric  nites the blasting powder, It is
Detonator. Jootantaneous, avoids the fumes that
would come from an ordinary squib and is safer,

If it iz desired to fire several shots in succession,
detonators may be used that are provided with
different lengths of a slow burning composition
and are all connected in one electrical circuit. Thus,
the order of shots and the time between any two
consecutive shots may be arranged at will, only
one electrical impulzse being required for ignition
of all.
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Primer

In the use of high or permissible explosives,
only one of the cartridges, usually the outer one of
a charge, is in direct contact with a detonator. This
cartridge is known as the primer, Fig. 17. The
preparation of the primer is shown in Fig. 18.

MAKING MOLE IN TOP - ¢
OF CRRTRIDOE

IRSERTING
FUSE AND CHP 1IN
CARTHISGE A

FOLDIRG
CARTRIDGE PAPER T
AROUND FUEE

Ty¥iea CARTRIDGE
FAPLR ARGUND FUSRE

Fig. 18&—Friming a Cartridge at the End.

After the fuse has been inserted into the end
of the detonator and the latter crimped on the fuse,
the cartridge wrapper is unfolded at one end and a
hole is punched in the end of the cartridge by
means of a wooden stick, The detonator is imbed-
ded in the explogive material as far as the crimp-
ing. Then the loose paper is folded about the fuse
and tied with a string,

Another method, Fig. 19, involves the punching
of a hole diagonally in the side of the cartridge and
ingerting in it the detonator, binding the fuse to
the outer surface of the cartridge with a string.
This method is not so generally accepted, because
of the liahility of damage to the fuse through
abrasion or bending, also because the greatest
shock from a detonator is in line with its axiz and
away from the fuse or wires. The method of pass-
ing fuse entirely through a cartridge is a danger-
ous one, sinee bends or breaks may thus oceur in
the fuse, and the explosive may be burned, instead
of detonated.

. When electric detonators are used, the primer
18 prepared similarly, with detonator either in the

BHCTION XVI :

end or side, Some users recommend the side
method for electrie detonators, but the practice is

A AN S .Jen.
Fig. 19—Priming a Carrtidge at the Side,
by no means universal. A method that has been

recommended for making a primer with electric
detonator is shown in Fig. 20. The strength of the

Fig, 20—Method of Priming with Hlectrlo Detonator.
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detonator should be adapted to the work required.
One too strong is better than one not strong
enough. The use of No. 6 or stronger detonators
ig recommended for firing permissible explosives.
Tests show that explosions are quicker and more
complete, and econsequently a smaller volume of
poisonous gases iz generated when such detonators
are used. Also, unfavorable conditions, such as age
of the explosive, are less effective.

Tamping

With the primer properly pre-
pared and placed in the hole out-
gide of the other cartridges, damp
clay or other incombustible ma-
terial is tamped in upon the charge
and around the fuse or electric
wires extending fo the mouth of
the hole. The first six inches or
so of tamping should be compara-
tively loose, in order to avoid dis-
turbing the charge and detonator,
but the remainder should be pack-
ed firmly, since the explosive gives
better results when the resistance
of the material in the drill hole is
greater, A longitudinal section of
the hole iz shown in Fig, 21.

Fig. 21—Section
of a Charged
Drill Hole,

Electrical Method of Firing

The method of firing shots electrically has many
advantages, TFirst of all, it is safer. The charge
can only be ignited by the person who controls the
electric current, and he does not incur the risk so
common with fuse or squib of ignition before he
has reached a safe place. Delayed ignition is prac-
tically unknown when electricity is used. The
danger of igniting gas or dust from squib or fuse
flame is absent. Fumes of burning fuse are elim-
inated. Several shots may be fired simultanecusly,
thereby increasing the effect over that from firing
the same shots separately. Electrical detonation
of the explosive is found to be more complete and
efficient.

Electric detonators may be obtained with wires
from 4 feet to 20 feet in length. In any case, the
wires should be long enough to extend at least a
few inches out of the drill holes. At their ends
good electrical connection is made to copper leading
wires, which in turn are connected to the poles of

Fig. 22—DHlasting Circuit Connected in Series.
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the blasting machine, Leading wires may be two it
single wires or one duplex cable. In either case, i
they ara thoroughly insulated. To connect the elec-
tric detcnatora in adjacent holes, when several are %
to be fired simultaneously, a smaller wire, known {
as connecting wire, is used, and the detonators are ),
connected in series, as shown in Fig. 22, By this |
arrangement, the firing of all the detonators is as- [
sured, if one is fired. '

The electric current necessary is usually gen- |
erated with a blasting machine, often called a bat- i
tery. The machine iz essentially a dynamo, in |
which the input is the blaster’s physical energy L
and the output is electrical energy. The average
size of blasting machine for underground use

i,

stands about 15 inches high, weighs 20 to 25
pounds and has a capacity for firing 20 to 30 elec-
tric detonators simultaneously. Views of a typical E
two-post machine are shown in Fig. 23. An arma- i
ture, B, is set between two electro-magnets, A, A {
rack bar, the handle of which extends above the

top of the box, meshes with a pinion, C, on the i
revolving armature shaft. When the rack bar is
pushed down vigorously, a current is generated by
the revolution of the armature between the electro-
magnetz. The strength of the current accumulates
until it reaches a maximum when the lower end of _
the rack bar is at the bottom. At this stage, the |
rack bar presses down the contact spring, the cir-

cuit through the magnets is broken and the cur-
rent is discharged through the posts at the top, to
which are attached the leading wires.

il
i
#3—Two-Post Blasting Maching 1
{

Both larger and smaller blasting machines are
on the market. A small one, designated as a H
pocket machine, Fig, 24, weighs
only 414 pounds, and has a ca-
pacity of three detonators. The
smaller size is especially conven-
ient because of its easier porta-
bility, and its capacity is equal
to the ordinary requirements.
Its general principles of con-
struction and operation are the
same aa those of the larger
machines., The handle is not
pushed down for firing, as in
the other types, but iz turned .
about it axis with a vigorous twist. The fact that :
the handle is detachable makes the machine some-
what safer from unauthorized use.

Fig.

i
24—Pocket | |
Blasting Machine, |
i
i

When blasting machines are used for firing,
there are two tests necessary to make in order that

BECTION XVI E




610 EXPLOSIVES TREATISE.

the best results be obtained. Ome test is for the
condition of the circuit, the other for the efficiency
of the machine,

The test on the circuit is made with a galvano-
meter, preferably one of pocket size, designed ex-
pressly for this purpose, which consists essentially
of a magnetic needle and a dry cell battery, so
weak that it incurs no risk of firing a detonator.
The resistance of the cirenit may be computed,
knowing the resistance of the detonators and of
the wire used. It may also be taken from tables
prepared for the purpose. When the terminals of
the system of wiring are connected to the posts of
the galvanometer, the needle is deflected through
an angle varying inversely as the resistance. Since
the scale i3 graduated to measure the rezistance in
ohms, the reading may be compared with the com-
puted resistance. Substantial agreement between
the two indicates a satisfactory condition of the
circuit. A reading lower than the computed value
would probably be due to a short cirenit, while one
above the computed value would be regarded as
evidence of a poor connection. By making similar
tests on successive portions of the cirenit, the
faults may be located and remedied.

The test on the blasting machine is made for
the purpose of determining its capacity, which
may vary with use. If more detonators than the
capacity of the machine were put into a cireuit for
firing simultaneously, some would not fire, or per-
haps none would fire. The instrument used for the
test is a rheostat, which consists of a number of
coils of wire, each with a known resistance, so
arranged that any one or more can be connected
into an electrieal cireuit. In making the test, as
shown in Fig. 25,

| coils of the rheo-
& POST gtat, R, with re-
= sistance equal to
o that of a certain
number of electric

J l detonators are

wired into a circuit
with a Dblasting
machine and a
gingle detonator.
If the machine is
A [ now operated in

the usual way, the
" consumption o f
current is the
same as if all the
detonators were
actually in the
circuit. The firing of the single detonator, or the
lighting of a lamp in its place would indicate that
the machine had a capacity at least equal to the
sum of all the resistances. By successive trials
with different resistances, the maximum ecapacity
could be found.

Resistance Table—mHow To Use

The following table gives the resistance of vari-
ous firing devices, singly and connected in series,
The table of resistances shows the resistance of a
gingle detonator only. The total resistance of a
number of detonators is obtained by multiplying

ber that are connected in series. It the detonators
are connected in other ways, the total resistance of
the circuit must he computed by the ordinary
methods applying to parallel or parallel series con-
nections.

TABLE OF RESISTANCE IN OHME OF ELECTRICATL
FIRING DEVICES

= | zhe | 2l w B e i
wd REES | e2ds| B, [58% | B b
o Dore | Dis L =] | 3 B

= E™ o Qg ESTETIN | =gy
i wiw | HE e |(Foiod) an b
She | 85Bs | “guz| B, |MRETZ| £ B | 2B
EE SO ED | oF B i o EEl B2 =1

BE | 2203 | Bud2| %2 LT 2SE | 2nS
=] L el W~ e ) = SHER.l IF 0+ g
o DHwm | D& & aE®edl mEE 2 H
=FHE Loz E & gy B SOns8 E a5
ta SgEe | SR80 | =6 (ESLDE o 4 | GEd
;I-E | 2hzE | Bagd Ep |, st"nf F H;"E
T | MpRY | “a=h o | mep ] Sa
HE | 8.8 | pmdl 20 |3dm i =

S| =
H | "E=ZAE | gl B |g = A
: S LA

4 | 1.2b6& | 1,255 ! 0.035 2.083 18567

B | | 2.261 | 2.000

[ | 1.34% | 1.34% | 1.000 2. 4458 2,261

& | 1.439 | 1.439 | 1.068 | #.000 | 2.628
10 1.500 | 1.500 1.148 | 3.280 | a.000
12 | 1.803 1.608 1.208 q1.600
14 | 1.878 | 1.679 1.272
18 | 1.727 1.727 1.326
18 I| 1.508 | 1.%302 | 1,400
a0 1.857 [=1.479 | 1.47% | 1.488
2z 1.913 | 1.hZ1* 1.621 1.5621
24 | 1.870 | 1.G64 | 1.664 | 1.686
28 I 2.0%0 | 1.831 | 1.631 1.655
23 | z.083 | 1.678 | 1.678 | 1.727
30 | 2158 | 1.727 | 1.787 | 1.717

*Submarine or waterprof electric blasting caps have 22 gage
wires up to and including 18 ft, 20 ft. Longer wires are
20 pagme,

TABLE OF REBISTANCE OF COFPER LEADING AND QON-
NECTIN IN

G WIRE OHMSE FER 1000 FEET.
No. 8 Brown & Sharpe Gauge .6271 Ohms | Usual size for pow-
No. 10 Erown & Sharpe Gauge 9872 Ohms j er and lighting
No. 12 Brown & Bharpe Gauge 1.686 Ohms circuits.

Standard gauge for

No. 14 Brown & Sharpe Gauge 2_521 Ohms } leading wire.

Mo. 16 Brown & Sharpe Gauge 4,009 Dhma} Hometimes used for
No. 18 BErown & Sharpe Gauge 6.174 Ohms short leading wire.

Mo, 20 Brown & Sharpe Gauge 10,14 Ohms} 1
Mo, 21 Brown & Sharpe Gauge 12.78 Ohms | Connecting wire.

Btandard size for cop=
No. 22 Brown & Sharpe Gauge 1612 Ohms er wire Hlectrie

iring Devices.

Each foot of electric blasting cap wire doubled
(2 wires) has a resistance of .032 ohms. The bridge
of each electric blasting cap has a resistance of
1.10 ohms. The bridge of the electric squibs, delay
electric blasting cap and delay electric igniter has a
resistance of .859 ohms.

Determining Resistance of Blasting Cireuit Con-
nected in Series

To determine the resistance of any blasting cir-
cuit where the electric firing devices are connected
in series, multiply the resistance of one firing de-
vice by the number in the cirenit. Add to this the
resistance of the leading wire and the connecting
wire, and the result will be the total resistance of
the circnit.

For example, if in a given blast 50 electric blast-
ing caps with copper lead wires 20 feet long are
used, alzo 100 feet of No. 20 Connecting Wire and
500 feet of No. 14 Single Leading Wire (or 250 feet
of Duplex Wire), the total resistance would be found
in the following manner:

COme electric Blasting Cap with 20 ft. copper wirs
has resistance of 1,857 ohms. 50 of =aid capa have
resistance of

1060 feet of Wo. 20 Connecting Wire has resistance

892,86 Ohme

of 10.14 ochms, 100 feet has resistance of....... 1. 014 Ohme.
1000 feet of No. 14 Gauge Leading Wire has resiat-
ance of 2,521 chms. 500 feet has resistance of... 1.28 Ohme

the resistance of one detonator by the total num-rns total resistance of the entire cireuit would be, 95 12 Ohms

SECTION XVI
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When exceptionally long lengths of leading or
connecting wire are used in blasting eircuits, the
resistance should be computed and added to that of
the electric detonators to guard against overloading
the blasting machine.

Cordean

Cordean or detonating fuse iz a device for
detonating explosive charges and within recent
years has come into general use in connection with
large, deep churn drill holes,

Cordeau is a small lead tube, sbout the same
diameter as triple tape fuse, filled with Trinitro
toluene, or T. N. T., which has a velocity of detona-
tion of about 17,000 feet (more than 3 miles) per
second. In other words, a piece of cordeau 17,000
feet long, if detonated at one end, will explode
throughout its entire length in about one second.
It is now used principally in deep well-drill blast
holes and similar large blasts,

In spite of the great velocity and strength of the
detonation of cordeaun, it is very insensitive and
cannot be exploded by hammering, pinching or
burning, It is, therefore, safe to handle and load.
It is exploded in actual use by means of blasting
caps, electric blasting caps or by detonating dyna-
mite.

The extreme violence of the explosion of cordean
is sufficient to detonate high explosives lying along-
gide it in a bore hole.

Cordeau is furnished either with the plain lead
covering or with the lead covering surrounded with
a second covering of cotton ecord, the first being

Countered
Epoola of Cordean

called pilain and the second countered. Countered
cordeau is more resistant to abrasion of tamping
materials.

Cordeau iz shipped on spools containing from 100
feet to 500 feet each, not necessarily all of one
length, the exact length of each piece being specified
on the spool head. The first number shown repre-
sents the length in feet of the cordeau which would
be first removed from the spool, the next number
the second length, and the other number, if any,
the third length.

Cordeau Accessories

Several accessories are needed when using
eordean. When it is exploded by means of a blasting
eap and safety fuse, a “Union” is used to hold the
blasting cap firmly in place; when an electric blast-
ing cap is used a “Special Union” is used as shown
in sketch herewith,
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UNION FOR ATTACHING A BLASTING CAF TO CORDEALU

£oe
2% - —

T g
s R ——
e =
SPECIAL UMION FOR ATTACHING AN ELECTRIC ELASTING

CAP TO CORDEAD

R —

COUIPLING FOR FASTEMIMNG TWD PIECES OF CORDEAU
TOGETHER

SLEEVE FOR FASTENIMG TWO PIECES OF COORDEAU
TOGETHER

BHEGINNING
A SPLICE OF
CORDEAL

MAIMN OR TRUNK LINE
OF CORDEAL

1§~ BRAKCH CORDEATR
CUT OR SLIT READY

TO HBE  TWISTED
] AROUND  MaiN OR
] TEUNE LINE BRANCH
1 CORDEAL

SHOWING HOW BRANCH LINE OF
CORDEAL IS JOINED TO MAIN OR
TREUNEK LINE

For splicing two lengths of cordeau together
a brass coupling is used. A longer sleeve for making
a stronger splice is shown in the sketch.

The Cordeau Ripper is a special tool for ripping
or splitting the cordean covering at the end when
making connections to a surface main line for a
branch or bore hole line as deseribed later.

Loadinz a Hole with Cordean

The end of the cordeaun is tied to or laced through

a dynamite cartridge and it is allowed to run off
the spool until the cartridge reaches bottom and
the cordeau . extends full
length of the hole. The rest
of the charge is loaded in the
usual manner. If there is
water in the hole, the end of
the cordeau should be szealed
by hammering the lead to-
gether., When the hole is
tamped, the cordeau iz eut al-
lowing six inches to extend
above the collar of the hole.
An electric blasting cap is at-
tached to the end of cordeau
at each hole by means of a
brass union made for the pur-
pose. Then the electric blast-
ing caps are connected up and
Showing location of Cor- fired in the usual manner. The
" 'of bore hole. " use of an electric blasting cap
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