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The present mventlon relates 1o “blasting
methods

‘An object of the mventmn is-the provision of
‘o “method “of blasting ‘productive: of 1mproved
‘breakage of burden.

“Another ob;)ect of the‘invention is-the provision
of “a ‘method -of blasting productlve of reduced
‘cond1t1ons of backbreak.

- A-further object ‘of - the -invention: is the pro-
“vision' -of -a -method of ‘blasting - pxoductlve of
‘reduced vibration-conditions.
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~+Still -another obJect of the-present inveation ‘

“is“the provision. of & “method of- blasting pro-
“ductive of lessened throw of broken material.

‘Other-objects of the 1nvent10nw1ll be apoarent
from ‘thée-following description.

-“Blasting -operations -of any- cons1derable size,
such as,’ for example, gquarrying-for the -produc-
“tion -of stone suitable for- crushing, are usually
conducted by detonating explosive charges in a
nlurahty ‘of “bore -holes-drilled -in a-row behind
‘and generally: parallel-to-a faee The ' explosive
‘charges in"the individual hore holes are conven-
tionally practically simultanesusly- initiated by
such' means-as electric blastmg caps-or detonat-
‘ing-fuses.. ‘The blast ‘pushes out ‘the ‘burden in
‘front of the holes’ creatmg - new face along the
“Jine-of bore-holes. :

~It+is-desirable thHat ‘the blast break the blasted

-material into-sizes which permit -ready femoval .

by power.:shovels, drag: lines, or-other loading
‘gquipment. ° Usually, however,-customary ‘blast-
ing-operations, :such a$ have been: just-described,
‘regult in-a throwing out. of -much-of ‘the burden
-inlarge-solid blocksswhich cannot be: adequately
‘handled ‘but-which. must ‘be- 1nd1v1dually further
drilled, charged with explosives, and blasted to
“break them -up mto manageable ‘sizes (secondary
-blasting).

Another dlsadvantage which commonly results
from-the customary method of blasting described
above is:the:occurrence of a large amount of
“backbreak. Backbreak is ‘the formation of-an
uneven face ‘and ‘of large -crevices which extend
‘into the 'newly created face.
-'ind_ication*thatfthe explosive has-worked not only
‘on ‘the ‘burden’in front of -the line of bore holes
‘but also~on-the- rock in back of the line of bore
‘holes. ]

" Backbreak ‘is highly ‘undesirable, as it makes
-subsequent “blasting -difficult ‘for -at least three
‘reégsons. - First, ‘the -irregular face produced by
‘backbreak -results in uneven burdens on the dif-
feretit-bore-holes-of a subsequent blast.” Second,
‘the presence of ¢revices-interferes with the posi-

- Backbregk is an .

20

40

50

55

2

tioning, drilling, and loading of a new line of bore
holes. Third, crevices permit wastage of -ex-
plosives in subsequent blasts ‘due to premature
escape of gases through the crevmes without
effective action on the burden.’

Customary blastmg technique is productive of
another serious d1ﬁ“1culty in the vibrations pro-
duced. -Many quarries and other blastmg sites
are located near inhabited  or ‘manufacturing
areas, and the vibration waves seb up by blasting
are blamed for much damage to structures and
equipment.  To prevent complaints, many quar-
ries must seriously limit the size and number of
hore holes in each blast despite the fact that for
best blasting efficiency a large number  of bore
holes in 2 blast is desirable.

A further difficulty often encountered in blast-
ing operations is excessive throwing of the blasted
material. Undue throw often covers tracks used
for haulage ‘or damages equipment, and in
spreading the blasted material over too large an
areg, -makes 1ts subsequent handling slow and

‘expensive.

According to-the present invention; g method
is provided by which the above-mentioned dis-
advantages are in a large measure avoided.

It has been found that if, in a blast of a row of
at least three bore holes aligned-to break through
a -face and -form ‘a new- face therebehind, ‘the
explosive charges in -adjacent bore holes are det-
onated at slightly differing  timeés the action' of
the blast -is -usually radically altered -with the
production of ‘much improved -breakage, greatly
reduced ‘backbreak, a most considerable diminu-
tion -of v1brat10nal effects, -and much reduced
throw. g

Firing time: separatmns should -not be suffi-
ciently great‘that the-unity of the blast and the
well known'desirable action-of multiple hole blasts

‘on the ‘burden are destroyed, and separations

which are productive of optimum results vary
somewhat with ‘the nature of the material bemg
blasted. In-general, separations as high as about
150 ‘milliseconds ‘and: as low as about 2 millisee-
onds produce improved results, but it is usually
preferred that the amount of separation lie ‘be-
tween about 20 milliseconds and about 75 milli-

-seconds:

As-will hereinafter -be more fully described, the

‘firing- time - separations employed in accordance
-‘with-the present invention may be obtained by

2 number of ‘different means, as for example,
by the use of -electric ‘blasting caps havmg dif-
ferent ﬁrlng tlmes, electric “blasting ‘caps. con-
‘nected to different circuits which are energized
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at separate times, and particular arrangements
of detonating fuse.

The method of the invention may be per-
formed in a number of ways. In a preferred
method of operation, charges in a row of at least
three bore holes arranged generally parallel to
a face are detonated in two different groups,
each hole of a first group alternating in position
and in firing time with a hole of a second group
and being initiated at substantially zero time

after the actuation, in each hole of the first

group, of the detonation initiator therein. For
example, the bore holes of a first group may

10

advantageously be initiated by means of instan- -

taneous electric blasting caps in a single cireuit, -

while the bore holes of a second group, each of
which is in alternating position with a bore hole
of the first group, are then initiated at a time
or times slightly separated from and after the
time of initiation of the bore holes of the first
group by means of short delay electric blasting
‘caps connected in the same circuit as the in-
stantaneous electric blasting caps utilized to ini-
tlate -the bore holes of the first group. In this
manner all of the exploswes in the blast may be
detonated within a very short time period, as
from about 2 to about 150 milliseconds and pref-
erably from about 20 to about 75 milliseconds,
and firing. time separations of the same order
between the initiation of the explosive charge
"in each bore hole and the initiation of the charge
or charges in the hole or holes a.dJacent to it
may be posmvely obtained. . -

Since it is chiefly important that firing of ad-
jacent holes be separated by times within the ef-
fective range, desirable blasting effects may also
be obtained without the alternating scheme just
described. Thus a blast according to the inven-
tion .is conducted when a second -hole is fired
-after a first hole and a third hole is fired after
a second hole, provided that the dlﬁerence in
firing time between adjacent holes is within the
effective range. The difference in firing time
between the first and third holes may be outside
the effective range.

Moreover, as it is the time differential between
adjacent holes that is-important, it can be seen
that it is not necessary to fire any hole at sub-
stantially zero time after the actuation, in each
,hole, of the detonatmn 1n1t1ator therein. Thus,

-where the bore holes are grouped and initiated
in alternating relation, as described above, there
-may be a time interval or delay between the ini-
-tiation of the blasting caps relied upon to initiate
the bore holes of the first group and their actual
initiation of the bore holes, provided that the
.time interval or delay between the 1mtiat1on of
the blasting caps relied upon to initiate the bore
holes of the second group is longer and provides
the proper differential between the initiation of
-the. explosive charges in adjacent holes. It is
.usually -preferred, however, that all holes in a
blast which are fired in accordance with the
process of the present invention be fired within
as short a time as is practicably consonant with

the obtention of effective time separations be-'

tween adjacent holes. Accordingly, it is usually
desirable that all holes in a blast which are
fired in accordance with the present system be
fired within a few tenths of a second and pref-
erably within about 300 milliseconds of the time
of actuation of the detonation initiator in the
first” firing bore hole. Thus, .where a. blast is
initiated by the use of electric blasting caps hav-
ing differing firing times it is desirable that the
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blast be completed within about 300 milliseconds
of the time of electrical actuation of the caps.
While the short delay period$ utilized accord-

ing to the present invention may be obtained in -

any convenient manner, it is usually preferred
to obtain them by means of delay electric blast-
ing caps having particularly short delay periods

not greater than a few tenths of a second and .
preferably not greater than about 300 millisec- :

onds.
- Delay electric blasting caps, as is well known

in the art, are blasting caps which fire a de- :

layed period after the application of current to -

" them. Most delay electric blasting caps obtain

their delay period by means of a fuse train lo-
‘cated between the ignition material and the pri-
mary detonating composition in the cap, and the
delay time is determined by the burning time of

_the fuse train.

While particular short delay electric blasting
caps form no part of the present invention. it may
be explained that a preferred short delay €lec-

tric. blasting cap may be provided by interposing

a fuse element, or delay train, made up of .a
metal tube into which is pressed a charge of
black powder, between an initiating means such
as an electric match and a primary detonating
explosive in the cap. When the delay train.is
made of a metal tube 0.140 inch in diameter and
¥ inch long into which 30 -to 96 mesh granular
black powder is pressed under about 450 pounds
to a height of about 0.068 inch, a delay period
averaging about 40 milliseconds with a standard
deviation (the square root of the sum of the fir-
ing time. deviations of a number of - caps from
the average delay penod of the caps d1v1ded by
the number of caps i. e. the root.mean square
deviation) therefrom of about 16 mllhseconds
is obtained. Caps of this type will hereinafter

be designated as “A” type -short delay .electric
‘blasting caps. When somewhat more black pow-

der is employed so.that the height of the black

.powder charge-is about 0. 133 inch and when an

electric match is spaced- about % inch- above

-the metal delay tube, a short delay electric blast- °

ing cap having a delay time of about 113 milli-
seconds and a standard deviation therefrom -of
about 16 milliseconds is obtained: Delay electrie
blasting caps of this type -will hereinafter: be

‘called “B” type short delay electric. blasting caps.

The short-delay electric blasting caps just de-
scribed are carefully sealed and are not vented as
is customary in conventional delay electric blast-
ing caps-of longer delay periods employing black
powder delay trains, for the building-up of pres-
sure in the caps is-generally- :lmport;ant to the
development of high burning rates. -

-, ‘Delay electric blasting caps: appllcable for use

in the present invention are more specifically de-
scribed and claimed in co-pending application,
Serial No. 682,995, filed July-12, 1946, by John E.
Jeffery for Delay Electric Blasting Caps, .- -
It is-to be particularly noted that short: delay
electric blasting caps as described above normally
vary somewhat-in delay period. The vanatlon in
timing is in each case: within the effective range
of time separation requlred ‘for the present mven-
tion. It can be shown’ by conventional statxstical
methods that when' caps having a standard’ devm-
tion of 16 milliseconds, such. as the A or B caps
noted .ahove, are distributed. at random. among a
series of bore holes, 80% of the: adJacent holes will
be expected. to fire with time. separatmns w1thin
the limits of about 3. m1111seconds and. about 37
rmlhseconds (see Slmons Engmeers Manual of
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Btatistiesl Methods, 1941, John Wylie & Sons,
Inc., New York, especially- chapter XII and: ap-
pendiz C).. Hente thé irivention inay be prac-
ticed by . ihitiating a tow. of -holes by means of
& number-of similarly. prepared short delay. elec-
trlc blasting caps when the individual variations
in firing times among the cips are adequate to
provide the desirable effects. :

Another method by which: the present inven-
tion may be employed makés use of ordinary ‘in-
stantaneotis ‘electric blasting..caps .connected to
different circuits, the flow of current in which ‘is
initiated at spaced times by electrical or mechézi-
ical means which close the different circuits a
short time apart. A multiple switch blasting ma-
chine is an example of a firirig means which may
be used when the invention is performed in-this
manner, :

Thé multiple circuit method of obta,mmg the
delay meahns;-as just-deseribed; is-not preferred
for use'in some formations where the firing of
the Holes in thé first circuit may lead to the
breaking of the wires of the second circuit before
that circuit is energized, for: under such-condi-
tions misfires in the gecond ¢ircuit may well re-
silt; ' Delay electric -blasting caps are’ not sub-
ject to this disadvantage since they may. all be
initiated ‘at the same time when connected in
single circuit.

A furthér manner in whlch the present inven- :

tion may be practiced is by the use of detonating
fuse. Normally when detonating fuse is used, 4
trunk line of detonating fuse is connected to
branch lines which run to individual bore holes.
By varying among the different holes the length
of fuse extending from a bore hole to & trunk,
the: time of initiation of different holes.may be
easily varied: to provide the desirable effects of
the present.invention. - However, since detonating
fuse detonates.at: an exceedingly high velocity,
the obtention of the desired variation in firing
times requires the use of very considerable lengths
of fuse, and the practice of-the invention by this
last-mentioned means is not usually preferred. .
~ Another manner in which detonating fuse may
“pe used to produce the effects of the present in-
vention in a substantial way is by initiating a
long row of bore holes by meéans of two trunk
lines of detonating fuse. One trunk line may be
connected to branch linés leading to one group of
alternating holes, and the other trunk line may
be connected to other branch lines leading to the
other group of alternating holes. The trunk lines
may be then initiated from cpposite ends of the
row. It may be seen that in this way the greater
number of the adjacent holes are detonated at
separated times. This same general method may
be performed with a single blasting cap if the
trunk line of detonating fuse detonated by it is
joined to the other trunk line at the opposite end
of the row. N

The present invention is not limited in its ap-
plication to blasting with a single row .of bore
holes, but may be applied where more than one
row of holes parallel to a face are fired.” When
multlple rows. are employed, it is preferred for
the obtention of optimum effeects that each row
of holes be shot with a variation in timing
amongst the holes as set forth above in describ~
ing single row blasts, Also when multiple row
blasts are made it is usually preferable to time
the firing-such that holes in successive rows fire
somewhat behind holes nearer the blasting face.
~ The invention finds application in many dif-
ferent types of blasting operations. A number
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6
of ‘these will bé deseribed in: connectlon w1th the
drawings in which:: '

Figure 1 is a dlagrammatlc 1sometr1c view of a
quarry face with bore holes drilled therein.

~ Figure 2 is a.diagrammatic cross sectional wew
of aloaded bore hole.

Figlre.3 is a dlaglammatxc 1sometr1c view of a
bank provided with horizontal bore.holes.

CHigure.4.is a dlagrammatlc elevatlonal Vxew of
a tunnel face, and-

. Pigure:5 is: & cross s\,ctlonal v1ew taken on lme

—5 of the face shown in Figure 4. :

For quarry blasting shots it .is usually pre-
ferred that a line of holes [ be drilled generally
parallel to- a vertical quarry face. {3 as:shown
in Pigure-1.;.-In-a preferred use of the inven=
tion. hore holes such as:are shown.in Figure.l
are initiated. by :a series of short:delay electric
blasting.caps. ef two different periods :arrahged
in alternating relation. Thus one group of.al-
ternating: bore holes may be.initiated by means
of “A” type short delay. electric: blasting rcaps
while-the: intermediate group may be initiated
by “B” type delay electric blasting caps, cr short
delayelectric blasting caps- may be .alternated
with "instantaneous blasting eaps. In:an alter:
nating system. of -blasting it is usually: preferred
that the -times: of initiation be arranged so. that
the hole nearest an open: end of &.row be fired
before its adjacent holes.

According to another method of operation; each
hele can.be fired by means of short delay elec-
tric blasting caps which have a normal variation
in-firing time amongst them of an:amoeunt.suf-
ficient to produce effective time separation.::

Often in quarry blasting it is desirable:that
more-than one row of holes parallel to.a.face be
employed. The setup-for stich a blast would look
similar to that shown in Figure I except that at
least cne more row of holes would appear behind
those already shown... Multiple row blasting pro-
vides an opportunity for combining blasting cper-
ations according to the present method with.more
conventional blasting operations, -although it is
usually preferred that a1l holes be fired in accord-
ance with the present invention. Thus a front
row of holes might be fired with instantaneous
électric blasting caps or with alternating instan-
taneous electric blasting caps and “A” type short
delay electric blasting caps, while a back row
might be fired with “B” type delay electric blast-
ing caps.

In Figure 2 is shown an exemplary loading
scheme for.bore holes such as may be employed
according to the present invention. In the bore
hole, represented generally at 20, is shown a main
explosive charge 22, a charge of gravel stemming
24, an explosive deck charge 26, a further gravel
stemming charge 28, a second explosive deck
charge 39, and a final stemming charge 32. The
bore hole is initiated in the main charge by means
of two similar electric blasting caps 34 and 36
to which current is led by wires 38 and 48, each
of which includes two ‘individual leg wires 42
and 44, and 46 and 48. The deck charges are
initiated from the main charge by means of a
line of detonating fuse 50 running from the main
charge to the top deck charge.

The present invention is not limited to any
particular loading schemes. That just described
has been found productive of particularly good
results but other systems may he employed. For
example, the individual holes instead of being
directly initiated by electric blasting caps may-
be initiated by lines of detonating fuse which are
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in -turn initiated by means of electric blasting
caps located exther inside or outside the bore
holes. ..

In Figurée 3 is shown a setup for honzontal
blasting such as is used in a stripping operation
where a seam of coal is to be uncovered. Hori~-
zontal holes 15 are drilled into a bank (3 and
generally parallel . to the material to be uncov-
ered.. Usually it is preferred when the bank is
high also to drill a row of vertical holes t1.

5

5, the:row 0f holes. is drilled downwardly and
at. an angle. = In this-way the lower corner of
the face is blasted out.” The individual holes in
the:row are discharged: at a number of separated
times within the effective range. .In angle blast-
ing of this type it is usually preferred that the
angle made by the holes with.the face be not
less than 45°. Subsequent rows: of holes may .be
drilled paraliel to the row.just deseribed; -
‘The:invention will ‘be further: illustrated by

10 -

The . firing of a row of horizontal holes in a the following ' examples Wthh descnbe speciﬁc
stripping blast according to the invention finds blastlng operatlons g L
particular advantage because it is often produc- = ' ' E:vamfple I
tive of much less undesirable shattering of the
material to be uncovered. The improved break- ;5 A blast was made in'a quarry from which a
ing and vibration conditions effected by the pres- =~ massive blue dolomitic. limestone is mined and
ent invention are, of course, also important in  crushed for firing. The stone at this particular
stripping ‘operations.  When vertical ‘holes are quarry has long been noted for being especially
employed in addition to horizontal holes they  hard to break up into manageable sizes without
also may be fired according to the present inven- ,, excessive secondary “blasting. A line of seven
tion, or they may be so fired and the honzontal seven -inch diameter-holes was drilled according
holes fired conventionally. to the general scheme shown in Figure-1 of the

It should be noted that in stripping operatwns drawing. -Each hole was loaded principally with
where both horizontal and vertical holes are shot, ~ low velocity 60% strength dynamite in the gen-
it is often desirable that one of the series be o5 eral.manner shown in Figure 2 of the drawing
fired somewhat ahead of the other. Whether a ~ exCept that five of the holes were supplied with
horizontal series or a vertical series is fired first ~ @ third-deck charge.. The explosive for all but
usually depends upon the handling equipment the top deck charge was in the form of six inch
which is available for: removal of the blasted = diameter 25 pound cartridges. 1% by 8 inch car-
material. 30 tridges were used to make up the top deck charge.

- For example, a horizontal row of holes might =~ The stemming was finely crushed stone. ~Each
be fired with alternating instantaneous electric ~ hole was initiated in the main charge. by two
blasting caps and “A” type short deldy electric primer cariridges each made up.of a short delay
blasting caps while a vertical row of holes might electric blasting cap embedded in a 1% by 8 inch
be fired by means of “B” type short delay blast- g5 dynamite cartridge. One: primer was inserted
ing caps. just prior to the second cartridge loaded .into

In some stripping blasts, it is desirable to pro- the hole, and the other primer was inserted just
vide multiple rows of either or both of vertical prior. to -the last cartridge of the main charge:
and horizontal holes. : : “Primacord” detonating fuse was used to carry

Figures 4 and 5 illustrate a setup for use 40 detonation from the main charge to-the deck
where the process of the invention is. employed charges. More specific data relative to- the charg-
in underground work. Figure 4 represents a front ing of the various holes is set forth if the table
elevation of the face 13 of a tunnel with a row of below. The blastmg caps were all ﬁred ina smgle
holes 11 drilled across it. ' As appears from Figure series. . -

' TABLE -~
. Distance ‘Distance Estimated Weight of

Hol Height | f i ight -
Hole No. De?)teh ,ot%ice. Hé‘fﬂo Preizglmg N ccl)%ht I?g%:}r;ge
Face ‘Hole | Burden Charge
e | tons s,
5 | 1 | 124 | 01,568 325
57 13 17 11,049 350
57 13 17 ‘1,089 [ - 325
57 13 18 1,111 325
58 13 6] 1,005 325
58 13 171 1,068 350
58 12 17 986 350
.................................. 7,836 2,350
o1 Distance from termination of preceding blast.
Depth of ‘| Weight of | Depth of. | Weight of | Depth elg
Height of bo%%)om%f ex‘g]%siv% bo(tagom%f ex;)ll%)sfv%- bo??otg%ff, zg(gl%};xtv%f
Hole No. main first infirst ' | -second | in.second top. in'top
charge deck deck | deck deck: deck deck
charge charge‘v | :charge | -charge charge | charge-
1. Lo e o3, ' :

bi o Ji 30 8. bs 122 It " 1bs. 5
42 33| 3734 8 5
4314 32 noue | - - -8 5
- 43 33 3 8 5
£ R
3 33 3715 8 g
........................ 162%i§_;-._-__-__. 35




‘were of the “A” type.
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The short delay electrlc blasting caps used
It'is to 'be noted that the
minimnm time séparation between adjacent holes
is lessened when two short delay electric blast-
ing:caps are employed in each”hole,” as in -this
example. The expected separation under these
conditions is the valiue obtained for-the use of
:oneé cap in a hole, as noted above, divided by the
square root of ‘two: 'Thus, when two caps are
used in'each hole if the caps:are from a group
‘having a standard deviation of 16 it w111 beex-
pected that in-at:least 90% of the cases-the sep-
aration-in firing -time between adjacent - holes
‘will ‘e at -least about 2 -milliseconds.

' When the blast-was set off very little vibration
was noticeable and the noisé was greatly muffled
a8 compared with instantaneously fired blasts.
‘The- breakage - obtained was -execéllent as evi-
denced by comparison with a generally similar
blast made immediately pricr and adjacent to
it and initidgted entirely with the use of in-
stantaneous electric blasting ‘caps.  -After the
prior ‘blast it was necessary that 198-holes be
drilled in-the blasted rock for secondary-blasting
operations. After the blast of this example only
19 holes 'were-drilled for secondary blasting.

) Exzample II
Another blast was .made in the same guarry

as that in which the blast described in Example g

I was made. The manner of loading this blast
was generally similar to the blast of Example 1.
However, in this blast each of the 1st, 3rd, 5th,
and-Tth holes was initiated by means.of itistans
taneous electric blasting caps, while gach of the
2nd,; 4th, and.6th holes was initiated by means
of “A” type short ‘period delay. electric blasting
caps, all caps being fired in a single series. " The
results: of this blast were better even than those
of Example I and this alternating method of
blasting is ‘usually preferred, for +Hit insurds an
effective separation:in firing time bhetween  all
adjacent ‘holes. ;

Example 1II

-Another blast was made in the same. quarry
in which-those of Example I and II were made,.
The same .general loading scheme was employed
except that in this last. blast there were only
six holes.
loaded with dynamite ‘of two different low velo-
cities, o dynamite of lower velocity (about 3,600
feet per second measured unconfined in 1% by 8
inch cartridges) being employed in holes-1, 3,

and 5 and a dynamite of a higher velocity (about. ;

6,800 feet per second measured unconfined in
1% by 8:inch .cartridges) :being employed in
holes 2, 4, and 6. Holes 1, 3, and 5 were ini-
tiated by means of “A” type short delay electric
blasting caps and holes 2, 4, and 6 were initiated
by means of instantateous electric blasting caps.

This - blast appeared to move out unusually
slowly and produced a peculiarly mufiled -sound.
The breakage produced was very good.

Example IV

Still -another blast was made in. the quarry
where the blast of Example T was made. This
was a nine hole blast, and it was loaded gen-
erally similarly to the blast of Example I ex-
cept that alternate holes were fired by means of
“A” type short period delay electric blasting caps
of the type employed in the blast of Example I
and “B” type short period delay-electric blast-
ing caps.

. The holes in this: blast, however, were ;
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The method of shooting of: this example pro-
duces: adequate separation of firing times be-
tween- adJacent holés and also avoids simultane-
ous firing even of alternate holes. “This blast
came o6ut well'and the breakage produced was
ex_ceptlonallj good.

Etample V

In ahother liffiestone quarry a blas‘t of. thirty-
four holes each about 5% 1nches in diameter
was made. In this blast the: holes were d1v1ded
into two parallel rows of seveneteén holes The
dynamite employed was packaged in five inch
diameter-25 pound cartridges.” In the front tow
beglnmng with: the fitst hole, alternatmg holes
were initiated by means of “A” type short
period delay electnc blasting caps and’ beginning
with the second hole altemating holes in the

front tow Wwete initiated by means of instanta-

neous eleetiic blastmg caps. In the back TOW
each hole was initiated by means of “B” ‘type
short -period “delay electrie blasting aps. This
blast was also -highly suééessful and produced
2 degree of breakage not ordinarily eXperieniced
at this location.
Example VI

in the limestone guarfy of ExXample V, 4 six
hole blast was made in each hole of which the
charge consisted of a main charge and one -déck
charge. Beginhing with the first hole the ifain
charge in each alternating holé was initiated by
means of an “A” type short delay electric blast
ing cap and beginning with the second holé each
main charge was initiated by means of an in-
stantaneous’ electric blasting cap. “In this blast,
however, each deck e¢harge was fired by means of
an “A” type short delay eleetric blasting cap,
no detonating fuse being ‘employed.

~Exumple VII

In a mining operation in which a bank of over=
burden was stripped from a coal seam a single
row of fourteen five inch horizontal holes av-
eraging 39 feet in length were drilled. Each hole
was charged with a main charge of low velocity
dynamite -and -a deck charge of dynamite of
somewhat -higher velocity. Beginning with the
first- hole each :alternate ‘main charge was
initiated by means.of  instantaneous -electric
blasting caps and beginning with the second hole
each alternate main’ charge was initiated by
means of “A” {ype . short delay electric blasting
caps. The deck charges in alternating holes, be-
ginning with: the first hole, were initiated by
means of “A” type short delay electric blasting
caps. -Beginning with the second hole the deck
charges ‘were. initiated by means of “B” type
short delay electric blasting caps. The break-
age produced in this blast was exceedingly good.

" Example VIII

In g granite quarry having a face about 20
feet in height, 145 vertical holes were arranged
in -three parallel rows. Each hole was about 2

5 inches in diameter, -and aboubt 22 feet deep.

The holes. were about five feet apart, and each
had been sprung with one 1% by 8 inch gelatin
dynamite. cartridge. They were loaded with a
total of 1800 pounds of 1% by 12 inch 60% gelatin
dynamite cartridges. In the front row beginning
with. the first -hole, each alternate hole was
initiated by means of - instantaneous. electric
blasting caps, and beginning with the second hole
in the front row each alternate hole was initiated
by means of “A” type short delay electric blast-




2,609,750

11

ing- caps. Each hole in the second row. was
initiated by means of “A” type short. delay. elec-
tric blasting caps. - The . third-row of holes was
initiated by means of “B” type short delay elec~
tric blasting caps. - This blast showed a marked
improvement in breakage over-conventional prior
blasts using all instantaneous caps. A partic-
ularly great improvement obtained as a result
of the blast of this example ‘was practical
elimination of backbreak which had been partic-
ularly-serious. at. this quarry. -
R - Ezample IX - s

In a limestone mine the face of a tunnel was
drilled with fifteen 14 inch diagonal-holes in
the general manner shown in Pigures 4-and 5
of ‘the ‘drawing. . Each holé was approximately
10 feet in depth and about.6 feet of tamping was
used  after the charge in each hole. A total of
about-.59 pounds of 40%. gelatin dynamite was
contained in all the holes. . Beginning with the
first hole, each alternate hole was fired by means
of an “A” type.short delay electric blasting cap
having an average delay .period of about 40
milliseconds and each alternate hole beginning
with the second hole was fired by means of an
instantaneous electric blasting cap. The results
of this blast showed much improvement over
prior conventional type blasts. Normally about
seventy blocks requiring secondary blasting were
produced. Only twenty-five required secondary
blasting as a result of this blast. :

. Ezample X

- In another limestone quarry a further type of
blasting in accordance with. the invention was
performed. A row of 20 six inch holes were each
loaded with 75 pounds of 50%. strength ammonia
gelatin dynamite and 100 pounds of 60% strength
ammonia gelatin dynamite. Each hole was 30
feet deep and the holes were spaced 12 feet apart
and 12 feet from the face of the quarry. The
first six successive holes were each. initiated by
means of instantaneous -electric blasting caps.
The next seven successive holes in' the row were
initiated by means of “A” type short delay elec-
tric blasting caps, and the last seven holes were
initiated by means of “B”-type short delay elec-
tric blasting caps. This blast was productive.of

very good-results, and while the breakage was |,

good all along the line of holes, it was noted to
‘be: particularly good in front of the holes in
which the short delay electric blasting caps were
used,.---- .- ‘ i : i

By the term “initiation of a bore hole” is meant
initiation of detonation of the explosive charge in
a bore hole by a detonation initiator such as, for
example, an electric blasting cap or. detonating
fuse. }

By the term “actuation of a detonation ini-
tiator in a bore hole” is meant the application of
the first force in the bore hole starting the func-
tioning of the initiator, such as for example, the
passing of current through the bridge wire of

an electric blasting cap within the hole or the
first detonation of fuse within the bore hole.

where-a line of detonating fuse running into the
bore hole is relied upon to:initiate the hole.
What is claimed is: - : .
1. A process of cooperative multiple bore hole
blasting, wherein the blast is primarily detonated
by electric blasting caps, which comprises det-
onating a row of at least three charged bore holes
generally aligned so as on firing to break away
a_ face and form a new face therebehind, the
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charges in the adjacent of at least three succes-
sively adjacent bore holes in said row being det-
onated at times separated by from 2 to 150 milli-
seconds and within about 300 milliseconds of the
time of electrical actuation of the first firing
blasting cap. e : o

.2. A process of cooperative multiple bore hole
blasting wherein g row of at least three charged
bore holes is generally aligned so as on firing to
break away a face and form a new face therebe-
hind which comprises detonating the charges in
alternate bore holes substantially simultaneously,
the charges-in intermediate bore holes being det-
onated at times separated from 2 to 150 millisec=
onds from the time of detonation of charges in
adjacent bore holes and within approximately
300 milliseconds of the time of actuation of.the
detonation initiator in the first firing bore hole.

3. A process of cooperative multiple bore hole
blasting which comprises detonating a row of -at
least three charged hore holeg generally aligned
so as on-detonating to break away a face and
form a new face therebehind, the charges in
the adjacent of at least three successively adja-

5 cent bore holes in said row being detonated: at

times separated by from 2 to 150 milliseconds
and within approximately 300 milliseconds of the
time of actuation of the detonation initiator in
the first firing of said last mentioned bore holes,
said time separation of from 2 to 150 millisec~
onds being sufficient to provide a high degree
breakage on the burden but insufficient to de-
stroy the cooperative effect of multiple -hole
blasting on the burden among said last men-
tioned holes, { i

4. A process according to claim 1 wherein said
row is generally parallel to said face.

5. A process according to claim 2 wherein said
charges in intermediate bore holes are detonated
at times separated by from approximately 20 to
approximately 75 milliseconds from the time of
detonation of adjacent bore holes. S

6. A process of cooperative multiple bore ‘hole
blasting wherein a row of at least three charged
bore holes is generally aligned so as on firing to
break away g face and form a new face therebe-
hind which comprises detonating the charges in’
alternate bore holes substantially instantane-
ously, .the charges in intermediate holes ‘being
detonated from: about 20 to about 75 milliseconds-
from the time of detonation of charges in ad-
Jjacent bore holes. ; - :

7. A process according to .claim 3 where said
time separation is a period from approximately
20 to approximately 75 milliseconds:. -

8. A process according to claim 3 whersin the
charges in said boreholes are- detonated in two
different sets, each hole of one set alternating
in position with a hole of a second set and each
hole of said first-mentioned set firing before each
hole of said second-mentioned set.

9. A process according to claim 3 wherein the
charges in each successively adjacent bore hole
in said row are detonated sequentially, ) )

10. A process according to claim 3 wherein said
time separation is a period of from approximate-
ly 20 to approximately 75 milliseconds, and
wherein the charges in said bore holes are det-
onated in twe different sets, each hole of one set
alternating in position with s hole of a second-
set and each hole of said first mentioned set fir-
ing before each hole of said second mentioned set,

11. A process according to claim 1 wherein said
time separation is a period from approximately
20 to approximately 75 milliseconds and where-
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in said electric blasting caps are simultaneously
electrically actuated.

12. A proeess according to claim 1 wherein said
time separation is a period from approximately
20 to. approximately 75 milliseconds and where-

in- the charges in said bore holes are detonated’

in two different sets, each hole of one sef alter-
nating in position with a hole of a second set and
each hole of said first mentioned set firing be-
fore each hole of said second mentioned' set.

13. A process according to claim 2 wherein the
blast is primarily initiated by electric blasting
c¢aps which are electrically actuated simultane-
ously.

14. A process of cooperative multiple bore hole
blasting which comprises detonating a row of at
least three charged bore holes generally aligned
s0 as -on detonating to break away a face and
form a new face therebehind, the charge in the
adjacent of at least three successively adjacent
bore holes in said row being detonated al times
separated by from approximately 20 to approxi-
mately 75 milliseconds, the charges in said last-
mentioned bore holes being detonated in two dif-
ferent sets, each hole of one set alternating in
position with a hole of a second set and each hole
of said first-mentioned set firing hefore each
hole of said second-mentioned set, said time sep-
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aration of from approximately 20 to approxi-
mately 75 milliseconds being sufficient to provide
a high degree breakage on the burden but insuffi-
cient to destroy the cooperative effect of multiple
hole blasting on the burden among said last-
mentioned holes.
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