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Controlled Fracture Method and Apparatus for
Breaking Hard Compact Rock and Concrete Materials

BACKGROUND OF THE INVENTION

Since the invention of dynamite in 1866, explosive
blasting has been the primary technigue utilized for the
excavation of hard rock. 'Despite many improvements in rock
excavation technology over the years, methods suitable for
the continuous excavation of hard rock do not yet exist,
whether for mining or civil construction. Conventional drill
and blast remains the only technique which may be utilized to
excavate the harder rocks, such as'granite'and gneiss, with
reasonable efficiency. Numerous mechanical and water jet
assisted systems have been developed for the efficient
excavation of softer, typically sedimentary rocks. Recent
improvements in tunnel boring machines have allowed these
machines to cut relatively hard rock up to 300 MPa in
conpressive strength, but cutter wear remains a serious
problem. These systems are not able to effectively excavate
the harder rocks, however. Also the TBM type of machines are
limited in their mobility and in their ability to cut
irregularly shaped openings. .

Conventional drill and blast, while being able to
excavate the hardest of rocks at acceptable efficiencies, is
limited, in that the technique must be applied in a cyclic
drill, blast and muck fashion, resulting in the inefficient
and often interfering use of the machines required for each
cycle. Conventional drill and blast is also limited, in that
considerable damage is done to the rock left around the
structure being excavated, with this residual damage often
requiring additional and expensive ground support. For
commercial mining operations, the conventional drill and

" blast method is limited, in that all of the rock excavated

from a mine heading in a single drill and blast round is so
jumbled and mix.d that all of the rock must be removed from
the mine, crushed, milled and processed for ore removal.

‘Numerous mining operations involve the excavation of vein-
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’ ore-bearlng rock could be selectively mined and transported

to the surface for milling and extraction, with the remaining
barren rock being left underground, would significantly
improve the economics of many mining operations. For civil
construction, the conventional drill and blast method is
often limited, in that the large air blast and ground shock
associated with each blast preclude the method being utilized
in urban construction. Also the residual damage caused to
the remaining rock often compromises the mechanical integrity
of the structure, requiring additional dand expensive ground

support.
ia cavation Techni s
Due to the inherent limitations of conventional drill
and blast methods as discussed above, considerable research
has been devoted over the past 20 years to the development of
alternative rapid excavation technigues suitable for hard
rock. The approaches which have been considered during these

o
-%EEEE two decades of research have ranged from water-jet impact
gffff (Young, 1977)_througb high-velocity projectile impact

S==  (Lundquist, 1974), to small-charge blasting (Lundquist and
'#5== Peterson, 1983). Both continuous (Zink et al., 1983) and
g% pulsed water—-jet impact tgchniques (Young, 1977; Young, 1985)
é:::: have been investigated in considerable detail. In general,

the continuous water-jet techniques cannot generate water-jet
pressures high enough to efficiently cut the harder rocks.
While the pulsed water-jet impact techniques can cut the
hardest of rocks, the energy efficiency_of these techniques
and the mechanical comélexity of the pulse-jet generating
devices has hindered the commercial development of the
techniques. Rapid excavation technigques based upon
projectile impact have included consideration of a very small
projectile (pellet) impact (Singh, 1960), very large
projectile impact (where the projectiles might be launched
with conventional 104 mm military cannons (Lundquist, 1974),
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i nvol ve 8 X edifld Oinéfed8eNthe rock damage by their detonation upon
impact (Louie, 1973). The poor efficiencies of the small
pellet impact approaches have precluded their development,
while the very large air blast problems inherent in the large
projectile and explosive pellet apprcaéhes have hindered

their commercial development.

Small-Charge Blasting

Due to the relative efficiency characteristic of
conventional drill and blast techniques, considerable
research ﬁas'been devoted to the scaling down and automation
of drill and blast approaches so they might be applied on a
small-charge continuous drill and blast basis. Most_notable-
among these approaches is the Rapidex spiral drill and blast
system, which received considerable research consideration
during the 1970's (Lundquist and Peterson, 1983). Interest
in the further development in continuous drill and blast
techniques has been limited due to the relatively large
explosive loadings that are still regquired in the scale-down
systems, and the consequent requirement that considerable
effort would need to be devoted to protecting both machines
and personnel operating at or near the excavation face. The
explosive quantities in these continuous drill and blast
approaches often remained high because conventional charge
loadings were employed and several shot holes were typically
required to be detonated nearly simultaneously for proper
operation of the technigue (Clark et al., 1979). '

Fracture Control Blasting

A third approach to the development of more efficient
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excavation techniques involved the consideration of methods
for applying controlled fracture techniques to the rock
breaking process. As less than one percent of the total
energy expended in conventional drill and blast is utilized
to develop the desired tensile fractures within the rock, it
is quite attractive to investigate methods by which the
energy required for rock fracture may be much more
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efficiently applied to the fracturing process. Controlled
fracturing techniques recently developed'by the University of
Maryland (Dally and Fourney, 1977), the Swedish Detonic
Research Foundation (Bjarnholt et al., 1983) and elsewhere
(Young and Fourney, 1983) have shown that, with proper
fracture initiation and control, the quantity of explosive
charges required to achieve a given desired fracturing can be
significantly reduced. Other research into the controlled
fracture of rock has resulted in the development of both
static and dynamic techniques, wherein the geometry of the
breakage process might significantly reduce the energy
requirements. In general, these approacnes involve methods
whereby the primary rock breakxng fractures could be
developed roughly parallel to a free face, resulting in less
energy being required for fracture development. One static
method based upon this approach involves a mechanical device
which could act in a relatively shallow borehole and by means
of grippers, could pull (spall) the rock toward the free face
from whlch the hole was drilled (Cooper et al., 1980,
Anderson and Swanson, 1982). A dynamic approach employlng a
comparable geometry involved the firing of steel pistons into
shallow water-filled holes, such that the rapid
pressurization of the hole would result in the initiation and
propagation of a fracture from the stress concentration
occurring at the sharp corner at the hole bottom (Denisart et
al., 1976). A fracture so initiated would tend to propagate
out from the hole and parallel to the free face from which
the hole was drilled. While this approach yielded very
‘attractive rock excavation efficiencies, difficulties with
the rapid loss of the pressurization liquid when fracturing
other than from the hole bottom qccurred, and with the
fregquent jamming of the steel pistons in incompletely broken
holes, precluded the further commercial development of the
technigue. 1In order to avoid the piston jamming problem, a
method utilizing high présshre, high velocity slugs of water
fired into shallow holes has also been proposed (Lavon,

-y
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which could be obtained with fracture control techniques
applied to specialized rock.breakage gecmetries, and the
premise that better methods for pressurizing and propagating
these fractures could be developed, small research effort in

| 1984 demonstrated that small explosive or propellant charges
could be utilized to effectively apply controlled fracture
technigues to unique rock breaking geometries (Young and
Bafker, 1984). The primary geometry considered is
illustrated in Figure 1 and was based in part upon the
geometry proposed by Denisart et al. (1976). &s 1ndlcated in
Figure 1, this fracturing is predicated upon the initiation
and propagation of a fracture from the bottom of a shallow
and rapidly pressurized borehole. Such a fracture could be
expected to propagate initiallf down into the rock and to
then turn towards the free surface as surface effects became
important, thus resulting in the removal of a large volume of
rock. The residual cone left on the rock face by the initial
penetration df the fracture into the rock provides the basis
for the name (penetrating cone fracture, or PCF) given to
this type of fracturing. In c~ntrast with the earlier work
of Denisart et al., later research elforts considered the
possibilities for initiating and propagating cone fractures
from shallow boreholes with small propellant and decoupled
explosive charges (Young and Barker, 1984).

SUMMARY OF THE INVENTION |
The intention of the present invention is to disclose a
continuous drill-and-blast rapid excavation system (apparat:s
and method) based upon the penetrating cone fracture (PCF)

approach.
The excavation of hard rock for both mining and civil

construction applications is usually accomplished with the
traditional drill and blast method. Due to the cyclic nature
of drill and blast operations (drill, blast, ventilate and
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is low. A small—charge rapid excavation system employing a
novel fracture initiation and propagation technigue has been
demonstrated to be capable of excavating the hardest of rocks
at efficiencies (enerqgy per unit volume of rock removed) four
to ten times greater than attainable with conventional drill
and blast. Significant enhancements to the concept include
the use of propellant rather than gxplosive charges, and the
design of devices for containing the charges and effectively
sealing the shot holes.

It is the object of this invention to provide an
improved rapid excavation method and apparatus. A machine is
disclosed integrating drilling, small-charge blasting and
mucking that remains at the excavating face during continuous
operations. An excavation method using the machine involves:
optimizing rock breakage with the penetrating cone fracture
technique: establishing optimum hole patterns and cone
fracture interactions through spacing and placement.;
optimizing borehole sealing by incorporating established
stemming parameters and new sealing techniques; and
optimizing continuous drilling, blasting and mucking
operations by incorporating established rock breakage
parameters, drilling parameters, and propellant (explosive)
charge parameters. Furthermore, the machine could
incorporate robotic control into a smart system capable of
optimizing shot hole placement and geometry and charge
characteristics for specific rock conditions.

The small-charge rapid excavation system would be
attractive for mining and civil construction operations where
sensitive structures, eguipment and personnel would be in
close proximity to the excavation face. The small~-charge
rapid excavation system would be attractive in selective
mining operations where the ore rock could be fragmented and
processed separately from the barren country rock. The
barren rock could then be kept undergfound and eliminated
from the traditional hauling and milling operations.
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Hard compact materials, such as rock, concrete, et
cetera, are broken by igniting an appropriately designed
explosive or propellant charge placed within the hole or
carried in a special charge-~containing device with a short
barrel which is inserted and sealed into a pre-drilled hole
of particular geometry. One or more approximately
cylindrical holes are drilled into the material to be broken
by conventional drilling means, such as used in the nmining
and construction industries.

The holes have a relatively short depth to diameter
ratio, being in the range of about 2.5 to 1 to 10 to 1, and
preferably about 3 to 1 to 4 to 1. The holes may be drilled
with sharp hole bottoms so as to enhance fracture initjation
at the hole bottoms, or may be notched at the hole bottom or
at other locations so as to provide for preferred fracture
initiation. Microfracturing from percussive drilling is
extremely beneficial to the process by providing fracture
initiéting sites.

The explosive or propellant charges may be any of
several commercially available explosives or propellants,
including standard military and commercial rifle powders and
various recently developed liquid propellants.

The propellant charges, whether solid or liquid, may be
placed and ignited within a charge-containing device, which
includes a short barrel inserted into the holes drilled into
the material to be broken. The barrel of this device may be
further sealed into the holes by means of a helical shim
sealing meﬁhod or by-havihg;a slight shoulder on the barrel
pressed'against a slight step on the hole wall. The charge-
containing device is prevented from being accelerated out of
the hole by means of a heavy steel bar or comparable
structure held against the rearﬁard end of the charge-

containing device.

With the controlled pressurization of the hole, realized
with the proper combinations of explosive and/or propellant
charge, the charge-containing device, hole sealing method and
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One preferred fracturing involves the initiation and
propagation of a fracture from the hole bottom such that the
fracture propagates roughly parallel to the surface in which
the hole was drilled. '

This fracture will propagate with a lower expenditure of
energy due to its relation to the free surface, and will thus
remove and excavate the material more efficiently than will
conventional drilling and blasting or boring. Due to the
lower energies reguired for effective breakage of the
material, the velocity imparted to the broken material is
lower than for convention blasting, and thus machines and/or
personnel may remain close to the face being drilled and
excavated, allowing for the continuous operation of the
process. |

These and further and other objects and features of the
invention are apparent in the disclosure, which includes the
above and ongoing written specification, with the claims and
the drawings. '

~

BRIEF DESCRIPTION OF THE DRAWINGS |
Figure 1 is a schematic view of prior art penetrating
cone fracture development from a rapidly pressurized
borehole. The figure illustrates a general cone fracture
trajectory. : |
Figure 2 provides details of cored, rounded, notched and
percussively drilled hole bottoms evaluated in laboratory
tests. Good cone fracture initiation was obtained in all of
. the percussively drilled holes.
_ Figures 33, B and C are details of a mine gun having a
- tapered nozzle section 5nd a helical shim for simple and
- effective sealing of the mine gun varrel in PCF holes.
Figure 4 further details the taper on the PCF gun barrel
for improved borehole sealing, and also illustrates a double

This Sheet Has Been Replaced
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_ Figure 5 illustrates a poséible machine configuration
g using a drilling machine equipped with a boom that carries
the PCF drill and PCF qgun. '

Figure 6 shows another possible configuration of the
machine in which a mining machine chassis is modified with a
boom for the PCF drill and PCF gun.' A mucking ap:on and '
conveyor system is also illustrated.

Figures 7A, B and C show three possible toe mucking
systems that are available for the modified miner chassis
shown in Figure 6. |

Figure 8 provides a more detailed ijillustration of the
PCF boom extension with drilling, charge handling and firing
capabilities.

Figures 92 and B illustrate a multiple stepped drill bit
providing Lnhe small diameter change for borehole sealing, and
the larger borehole change for gun clearance. The deepest,
narrowest portion of the borehole is where rapid .
pressurization occurs and PCF breakage is initiated.

Figures 10A, B, C and D give details of a standard 50
caliber cartridge with a hollow shell to carry additional
propellant.

Figures 11A and B are a schematic of the charge and
blast apparatus showing the breech mechanism of the PCF gun.
Modified 50 caliber cartridges are used.

LY

DETAILED DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates.the prior art penetrating cone
fracture (PCF) development which occurs when a substantially
cylindrical borehole 1 is sealed and a propellant or
explosive charge 3 is ignited within the hole. During
combustion, the borehole is rapidly préssurized, and rock
fracture is initiated along the perimeter of the hole bottom
5. The initial fracture typically propagates down into the
rock and then turns towards the free surface as the surface
 effects become a factor. 1In contrast with earlier work done
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in this area, the penetrating cone fractures 7 in this
disclosure are created using shallow boreholes with small
propellant charges. '
Figure 2 illustrates various hole types that can be used

to facilitate PCF breakage. A hole 9 may be drilled having a
hoie bottom 11 with a sharp 90° corner. A rounded oOr worn
carbide tip bit provides a hole bottom 13 with a rounded
‘radius. Such a rounded hole bottom is detrimental. Another
bit could be used which creates a cylindrical holells that is
notched 16 at the bottom of the hole, perpendicular to the
sidewall of the hole. Extremely sharp, if not notched,
borehole bottoms are conducive to successful cone fracture
initiation. Preferred holes 17 and bottoms 18 are genexate&
by a percussive drill bit. Although less sharp than the
diamond core drilled hole bottoms, the percussively drilled
holes 18 and bottoms 19 produce very good cone fracture
initiation. The additional microflaw damage 19 induced in
the rock by percussive drilling, particularly at the hole
bottom radius, is more than adequaté for consistent fracture
initiation. Thus, the preferred percussive drilling of the
borehole eliminates the necessity for construction of a
specific hole bottom geometry.

Figure 3 illustrates a borehole sealing method using a
brass shim strip 21 helically wrapped about the tapered
section 23 of a mine gun barrel 25. While a simple
cylindrical barrel mine gun may be used to seal the borehole,
using the helical shim.seal allows for better containment of
gas pressure and higher péak pressure. The helical shim

~effectively cuts down on the escape of propellant gases
_during pressurization and fracture propagation, and also
reduces erosion about the éxterior of the

Figures 3B and 3C show a mine gun 27
.charge breech 29 and a threaded breach 31

mine gun barrel.

with a propellant

which receives a
plug closure 31. A ball and socket joint 33 has a stub 35

with a bore 37 which receives an end 39 of stemming bar 41.
Figure 4 shows another sealing means using a mine gun
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Having a too-large diameter at the shoulder would allow

significant chipping or fracturing to occur at the shoulder
during pressurization, thus permitting gas pressure loss and
hindering PCF breakage. The preferred small diameter change
reduces such chipping or fracturing at the shoulder. The gun

' parrel 51 is tapered 53 to partially fit within the PCF hole
43 and form a seal 55 at the sealing shoulder 49.

Figures § and 6 illustrate embodiments of the mining
apparatus. Commercially available crawler-type mining
machines 57 are used in conjunction with cne or more booms
S9. The booms have rotational capabilities about their long
axis. An extension 61 is mounted on the boom, containing
hydraulic cylinders and having forward movement capabilities
along the long axis of the boom. A pivot cone 63 is mounted
on the extension and determines the axis of rotation for
drill and blast seguences. The PCF gun 65 and the excavation
drill 67 are mounted on opposing sides of the extension 61.
A mucking apron 68 and conveyor system 69 are be attached to
the nmining carriage. ' _ _

Figures 7A, B and C show three possible prior art

- mucking systems for use with the mining apparatus of the:
present invention. The standard mucking options use
gathering arms 71, collection disks 73, or loading chains 75.
Toe plates 77 and conveyors 79 are included. Machines
equipped with pineapple or drum pick cutters are standard.
Rock fragments generated in many mining operations
consistently are fine and are readily handled by either the .
gathering disk or loading chain option. For machines
modified with two booms and PCF drilling and charge handling
equipment, the rock fragment size distribution generated
includes more large fragments and fewer smaller fragments,
and the gathering arm option would generally be preferable.
Mucking is continuous while holes are drilled and blasted.
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Figure 8 illustrates the boom extension 61 having
internal hydraulic cylinders 81, drilling 67, charge handling
83, and firing 65 capabilities. The hydraulic cylinders are
contained within a sealed tube chassis 85. The extension is
attached to the boom by a'mounting plate. The drill 67 and
gun 65 of both are mounted on the extension 61 with slide
plates 81 and 89, and are further supported by cradles 91 and
93. The index pivot point 63 is centered on the end 64 of
the extension 61 that is roughly parallel to the excavation
face 66. j

Figures 9A and B give details of the special carbide
steel drill bit 95 used to create the gmall diameter change
borehole for one of the sealing options. The three compomnent
combination bit includes steel carbide inserts 97, 98 for the
stepped portions of the bit. The small diameter lead bit 99
for drilling the cone fracturing portion of the hole should
experience the greatest amount of wear, and is separately
replaceable.

Figures 10A, B C and D illustrate a 50 caliber cartridge
101 with a hollow shell 103 to carry additional propellant
104. The hollow shell or boot may be manufactured of plastic
or aluminum. The aluminum shells or boots react somewhat
with the burning propellant, providing for additional
propellant energy, and the melted aluminum serves to further
improve borehole sealing at the slightly stepped radius
shoulder. For a slightly larger scale of PCF breakage or for
an operation requiring considerably more propellant charge,
standard 20 millimeter military cartridges may be used.

Shell 101 has a primer cup 105, a primary charge 107 and an
optional wadding 109. _

Figures 11A and B show a breech mechanism for the PCF
gun 111 utilizing modified 50 caliber cartridges 101. The
gun has a simple, double acting hydraulic cylinder 113 to
activate the breech block or bolt 115 shown in the figure. A
swinging feed gate 117 is used to position the cartridges in
alignmeht with the breech 119 as they are received from the



re
ch

teg

pr

3

-

21-82-1996 11:27 D YOUNG & CO (So'ko |
5 1080). eF'I 2ue53370a

| d be obtained with fractii

Based upon the ZXC ent roc breakage efficiencies i ch

| d be devel oped, snal

cartridge feed tube 121. Swinging gate 117 is activated by
an air or hydraulic cylinder. Cartridge removal is effected
by a simple mechanical spting clip 123. A small air jet
manifold 125 placed beneath the breech portion 125 of the gun
is used for cartridge ejection. '

Liquid propellants are particularly suited for use in
the invention. The gun barrel is inserted, stemmed and
sealed in a percussively drilled shouldered hole. Liquid is
supplied to the chamber through an opening, the opening is
closed, and the liquid propellant is ignited. Fractures
promulgate from sites at the hole bottom, and a large,
generally flat excavated portion is_broken‘up and falls from
the face for mucking and conveying out of the mine.

While the invention has been described with reference to
specific embodiments, modifications and variations of the
invention may be constructed without departing from the scope
of the invention, which is described in the following claims.

‘This Sheet Has Been Replaced
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'Gﬁt&él iechnlques applied to specialized
k. breakage geonetries, and the prenise that better methods for
ssurizing and propagating thesel”

hear gip@hiedeei N 1984 deronst r at pd Ph3{EEAS BERPIJOSi Ve O 10861 /0865
hr ges coul d be utilized to effe&LL"el5E§ﬁﬁﬂ¥>controlIed f?gg}uggi !
‘hni ques to uni que rock breaking geonetries (Young and Barker, 1984).

mary geonetry considered is 13

The
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i 11 A 8EEd? n“Fz%ure WaUsNGb& codcslonl pna:{rt upon the geometry proposed by
Deni sart et al. (1976). As delndat daiitd Fi gure 1, this fracturing is
predi cated upon the initiation and propagation of a fracture fromthe
bottom of a shallow and rapidly presBurized borehol e. e_could
be expected to propagate initially down into the rock|al tS@EFﬁéfAStBﬂEHN

towards the free surface as surfaQeapdd ects becane i
resulting in the renoval of a | arge volune of rock. The residual conée ft
on the rock face by the initial penetration of the fracture into the rock
provi des the basis for the nane (penetrating cone fracture, or PCF) given
to this type of Xmasppatragus| orobreakingi m&tehiealearbbmpr\zl/stihgof Deni sart

et ‘al., later re rc$e§3%0££§ gﬂékgﬁiﬁ‘? agosm bilities for initiating

and propagati ng ractures rom S or eholes with smal | propel I ant

and decoupl ed ext»bmneanhaf@esmmmgtmm gegs4nto a hole in

said - material, wherein said means for generating is in
communication with said means for injecting: and

(c) means for sealing said means for injecting in
said hole to achieve increased pressure in said hole upon
injection of gas into said hole.

2. The apparatus as claimed in Claim 1, wherein said
means for injecting injects generated gas in the direction of
the botfom of said hole to cause the formation and propagation
of a fracture from a bottom corner of said hole.

3. The apparatus as claimed in Claim 2, wvherein the
bottom corner of said hole is notched to faciljitale the
formation and propagation of said fracture. '

4. The apparatus as claimed in Claim 1, wherein said

. means for sealing comprises a shim operatively connected to said

means for injecting. _

' S. The apparatus as claimed in Claim 1, wherein said hole
is formed by drilling with a percussive drill to form fracture
initiation sites in said hole. |

6. The apparatus as claimed in Claim 1, wherein said
means for injecting and said means for sealing comprise a
tapered barrel.

7. The apparatus as claimed in c1a1m 1, wherein said
means for injecting comprises;

(a) a substantially cylindrical barrel with a port:.on
of said barrel having a smaller diameter than said hole;
' (b) a bore in said barrel having an outlet to inject
gas into said hole; and
(c) a chamber for containing said means for
generating in communication with said bore.

is Sheet Has Been Replaced
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SUMVARY OF THE | NVENTI ON e IDRFDLIOH of the present inventionis to
di scl ose a conti nuous drlll-aﬁhJ Yas¢*4Papi d excavation systen1(apparatus

and net hod) based upon the penetrating cone fracture
The excavation of hard rock for both ¥ ni ng and civil

met hod.
bl ast,

Due to the cyclic nature of drill and bl ast operafi®

ventigate Tine apparatus as claimed in Claif 1, wherein saxd'

means for generating comprises a propellant charge and an
ignition system for igniting said charge.

9. The apparatus as claimed in Claim 12, wherein said
means for sealing comprises means for exerting a force on said
means for injecting to substantially resist force exerted on
said means for injecting by said increased gas pressure.

10. The apparatus as claimed in Claim 1, wherein saiad
1ncreased gas pressure is sufficient to initiate a fracture from
a bottom corner of said hole.

11. The apparatus as claimed in Claim 1, wherein said
means for sealing can maintain sufficient increased gas pressure

- in said hole to propagate a fracture from a bottom corner of

said hole.

12. A method for breaking material comprising injecting
gas into a hole in the material with a gas injection means
wherein said gas injection means is sealed in said hole to form
and propagate a fracture.from said hole to break a volume of
said material.

13. The method as claimed in Claim 12, wherein said hole
has a depth to diameter ratio of about 2.5:1 to about 10:1.

14. The method as claimed in Claim 12, wherein saigd
fracture is propagated from a bottom corner of said hole.

15. The method as claimed in Claim 12, wherein said gas
injection means is sealed in said hole by engagement of a
tapered portion of said gas injection means with said hole.

16. An apparatus for breaking material comprising:

(a) means for forming a hole in a surface of saigd
material to be broken: _

(b) means for injecting gaS'into said hole towards
the hole bottom under pressure to cause the formation and
propagation of a fracture from a bottom corner of said hole;

(c) means for generating said gas in communication
with said means for injecting to supply gas to said means for
injecting; and

een Rep placed
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6 mc excavation rates arf%géggkg eqU|pnent utilizationis low A
€

snall-charge rapi d excavat i df onjng a novel fracture initiation
and propagation techni que has been deronstrated to be capable of excavating

renoved) four to ten tines greater than attainable w
and bl ast. Significant enhancenents to the concept inC

U
propel I ant rather than expl gsive_c¢chafges, and {he de3| n of deV|ces for
contai ning the cfd) geBeans EPFc-a1igniyg operatively co Anected to said

means for forming and said means for injecting to consecutively
align said means for forming and said means for injecting with
said hole.

17. The apparatus'as claimed in Claim 16, wherein said
means for'aligning rotates about an axis to consecutively align
‘said means for forming and said means for injecting with saiad
hele.
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seal i ng '?hlgg hojt 2ﬁol P E%e ij ect of th| S invention to provide

an i nproved rapid excavat | oﬁ"*ﬁfet h@d’dﬁ@’appar atus. A machine is disclosed
ntegrating drilling, small-charge blasting and nucking that remains at the
xcavating face during continuous operations. An excavation nmethod using
he machine invol ves: optimzing rock breakage with the p ne
ract WQ 92402708 que; establishing optinum hole patterns an?@ic;r}zédf‘?%cspﬁre
nt eracti ons through spacing and pl ace t; optim zing borehole sealing by
ncorporating established stemm ng paranmeters and new seal ing techniques;
nd optinizing continuous drilling, blasting and W&@m&; by
ncor porati ng established rock breakage paraneter PREET AP BEBNEL er s,
nd propel |l ant (expl osive) charge paraneters. Fur bhernYEBLAER2 nmachi ne
oul d incorporate robotic control into a smart system capabl e of

vl F W~
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optim zing shot hole pl acerre g try and charge characteristics for
g%él
I

specific rock conditions. I -charge rapi d excavati on system

wdbe attractive for m nirrg—an t—¢omstruction operations where
sensitive structures, equi pmg ﬁ%ﬁg&@rﬁ% houl d be in close proximty
to the excavation face. The dmmll- 8 rapid excavati | d be
att r aw0i9R02709 sel ective mning operations where the ore%mlgég}lﬁsggﬁ
fragnented and processed separately fromthe barren country rock. The

barren rock could then be kept underg2®und and elimnated fromthe
traditional hauling and mlling operations.
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-With a short barrel which is

—B% Ii FROM D DUNG 2 CD (So’'k on) TO 9P653370831 P.22
7 & corrpact materials, such a 2 rock, concrete, et cetera, are
broken by igniting an appr*é‘b-h avél-yt {ehdsi gned expl osi ve or propel | ant char ge

pLaced within the hole or carried in a special charge-containing device
lrﬁg%ﬁﬁcf TS geaalled into a pre-drilled hole of

particul ar geonetry. One or qﬁ?ig&ﬁm el y cyI i ndri /l{@'lﬁ}%s@fe

drnngymw the material to ""‘ bt ril'1rng means, such

e—bt-exen—py—convent i onal
as used in the mning and construct ':Pﬁ i ndustri es.

et Has Been Replaced
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The hol es have a relatively%@hoap depth to dianeter ratio, being in the

range of about 2.5 to 1 to tor°154%md preferably about 3 to 1to 4 to 1.
The holes may be drilled with s MBS0 as to enhance fracture
initiation at the hol e bottons, | JFITEYEReHASBEREM at the hol e bottom or at
,algﬁ% #@@ jons so as to provi de—for BFefEEPed frhct ur PEHUSIA{SIN!

M ? cturing frompercussive drilling is extrenely beneficial to the
process by providing fracture initifgting sites. The expl osive or
propel | ant charges may be any of several comrercially avail abl e expl osi ves
or propellants, including standard mlitary and comrercial rifle powlers
and various recently devel oped Iiquid propellants. The propel |l ant
charges, whether solid or liquid, nay be placed and ignited within a
char ge- cont ai ni ng devi ce, which .includes a short barrel inserted into the
holes drilled into

FIG.6

S
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10
the material to be broken. batrgjngj thIS devi ce may be
into the hol es by neans of a eﬂlé&V*éh+n1seaI|ng met hod or by having a
Ilght shoul der on the barrel pressed agai nst a slight step on the hole

om bei ng accel erated out

The charge- containing devi

the h means of a heavy s}
agalﬂg?ggﬁgﬁp%armard end of the c

controll ed pressurization of the hol e,

& CO (So’ko

S-B-av-ented-fr

G515 DAETHAS BF BREMr

abl e YA ﬂmﬂﬂ
r ge REEBAER ni ng |devi c?ﬁd 5

conbi nations of expl osive and/ or propg,&ant
deV|ce hol e seal i ng net hod and
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-8- restriction of the charg % Qk.£h a’,%e containing device wthin the hol'e
it

by heavy steel bar or struct i1y ¢ahil¢ol | ed fracturing of the materi al
n% be realized. One preferred f|r ABISWSHBEY HA®/BERMeY the initiation and

pr®pagati on of a fracture fromthe hd e boRERAGEICh thgqt the fracture
pr6pagWOS2/B2MI y parallel to the surface Tn which the hol RCHAS91/95508 .
Thi's fracture will propagate with a | ower expenditure of

6/7
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energy due to its rel at|0n+%$ tlgﬁqfﬁ 2surface, and will thus renove and
$ildlER @

excavateée the material nore than will conventional drilling and
lﬂ_}.sr_tiﬂg or boring. Due to the |ower energies required for effective
breakage of the material, the vel oci inparted to the broken material is

I czwer t 9dRRIePNventi on bl asting, jamdist ties—and/ o may
remain mse toQt)he face being drilljed an%% &Y Jal | owbr%?P%W%m
conti nuous operation of the process t her and ot her
objects and features of the invention are//@pparent in the disclosure, which
I ncl udes the above and ongoing witten specification, wwth the clains and

t he draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS
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Fl gUre 1 is a schematic view of prior art penetrating cone fractﬁréa?@(F
devel opment froma rapidly pressurlzed borehole. The figure illustrates a

gener al

rounded,

cone fracture tr
not ched and per
| aboratory tests. Good

% , Figure 2 prqouides details of cored,
g |hol e bot tJoREPEAL
v QEQE} i t.al MT%HgET

iati on wds of the

percussively drilled holes. Fi gures 3A, B and|C arf dgg off 4 m ne
gun having a tapered nozzle section and a helical ghijm ér ? 2 4nd

effective sealing of the m ne gun barrel PCF ho
further details the taper on the PCF gun bgﬁ
and aIsQ éiéfﬁlrates a doubl e

seal i ng,

b

e Eigurd 4
r |nproved bor eholle .

o

rel

1. A rapid excavation apparatus u51ng penetratlng cone
fracture breakage techniques, comprising:

a mining machine:;

a boom mounted on the mining machine;

a drill mounted on said boom means having a drill bit
for drilling a hole in an excavation face;

a mine gun mounted on the boom for inserting in the
hole;

the gun having a receiver and a barrel;

a borehole sealing means and stemming bar connected to
the gun for holding the gun sealed in the hole; and

mucking means mounted upon said machine.

2. The apparatus of claim 1, wherein the drill has
progressively‘smaller diameters, the smallest and the next
smallest of which have only a slight diameter change for
forﬁing a small sealing shoulder when driliing a borehole, .
the sealing means comprising a tapered portion on an external
surface of the barrel for contacting the small sealing
shoulder of a borehole, thereby sealing the borehole.

3. The apparatus of claim 2, wherein the drill
comprises a two-stepped drill bit having three sections for
drilling a borehole with three distinct and successively
narrowing diameters, whereby a smaller diameter difference
between the smallest and a second next smallest portions form
a sealing shoulder in the borehole, and a larger diameter
difference between the second portion and the largest
diameter portion provides for insertion of the gun in the
borehole. _

4. The apparatus of claim 1, further comprising a
cartridge for holding a' charge in the receiver.

5. The apparatusiof claim 1, wherein the boom is
rotatable for indexing'between aligning the drill and the gun
with the borehole. |

6. The apparatusfof claim 1, having a chamber and
closure in the gun for holding a bropellant. —_—

| This Sheet Has B
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stepped bor ehol e desi gn. Figure 5 iIIustrétes a possijale machine
conflguratlon using a drilling machine eqU|pped wth a bOC”REPEACHﬁEMT
I e

the PCF drill and PCF gun. anot her pogsi fl
configuration of the machine |'nﬁﬁ§4‘h ﬁ hﬁg machi ne chdssji

with a
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7. The apparatus of claim 1, having along its longest
axis hydraulic actuators for alternately and separately
advancing the drill and the gun toward the face.

8. The apparatus of claim 7, wherein the boom
extension is a steel tube in which the hydraulic actuators
are carried.

9. The apparatus of claim 1, wherein the boom has an
attached steel tube boom extension with internal hydraulic
cylinders, a boom mounting plate on one end, and a pivot cone
on the other end.

10. The apparatus of claim 9, wherein the boom has a
first attachment on its outer surface for the drill, the
first attachment comprising a drill slide plate and a drill
cradle, and alsoc having a second attachment for the gun, the
second attachment comprising a gun slide plate and a gun
cradle.

11. The apparatus of claim 1, wherein the sealing means
comprises a cylindrical mine gun barrel with a slightly
tapered portion which is helically wrapped with a brass shim.

12. The apparatus of claim 11, wherein the mine gun
barrel with a tapered portion is used in conjunction with a
double stepped borehole which has a small diameter increase
forming a sealing shoulder and another larger diameter
increase to accommodate a receiver portion of the mine gun.

13. The apparatus of claim 1, wherein the drill
comprises a two-stepped drill bit with replaceable steel
carbide inserts for forming a stepped borehole with three
different diameters, the narrowest portion of which has an
optimal éspect ratio for a given penetrating cone fracture
breakage. _ ' ’

14. The apparatus of claim 1, further comprising a
cartridge with propellant charge in the breech of the gun.

15. The apparatus of claim 14, further comprising an
extension casing made of consumable material extending

forward from the cartridge and holding propellant in the
barrel.

LR,
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boom for the PCF drill and PCF gun. A mucking apron and

al so illustrated. Figures 7A, B and C show three ¢

systens that are available f F%%gg{ﬁﬂifiﬂd mner chasgi s '
6. Figure 8 provides a no EBI AP BEENugt r at i on jof| thé m
extension with drilling, charlge haBEPi4&EPand fijri ng cada |Illpt|§?;a EEW

Figures 9A and B illustrate a nultiple stepped drill bijt p
smal | di ameter change for borehol e sealing, and the |arjger borehol e chandge
for gun clearance. The deepest, narrowest bﬁrtlon of the boreholé i's Where

rapi d pressurization occurs and_ PCF aka ni_tiated ures
10A, B, C and D &fve FBEaPPRATRLYS s?grf%:fr’&p gé'c %&Frcg???rbsm%%h a
hol | ow shel magazdaer pnddlibadenatomepiedd & the gun for loadlng
cartridges into the gun breech. _
17. The apparatus of claim 16, further comprising a

cartridge extractor and ejector connected to the gun.

18. A method for rapid excavation using controlled
penetrating cone fracture breakage techniques comprising
performing a substantially continuous and sequential series
of drilling and blasting operations, each successive
sequential series of which beihguadvanced further in the
direction of excavation, the sequential series of steps
further comprising: . '

positioning a pivot point of a boom on an excavation
face; |

advanCLng the drill toward the face:

drilling a hole of stepped geometxry and predetermlned
aspect ratio;

removing the drill from the face;

indexing the drill out of élignment with the hole and
indexing a gun mounted  on the boom into alignment with the
hole; _

advancing the gun into the borehole;

sealing the borehole with a sealing means on the gun;
- loading an explosive charge into the gun and igniting
o the charge; _

w1thdrawing the gun rearward on the boom; and

advancing the boom along the face in the direction of
excavation and repeating the series, all the while performing
substantially continuous mucking. '

19. The rapid excavation method of claim 18, whereby
excavated material is fractured and not crushed, resulting in
minimal dust -formation. -

20. The sequentlal rapid excavatlon nmethod of clalm 18,
whereby the fracture fragmentation of each series aids the
breakage -and fragmentation of the next series in succession
through optimal borehole placement.

I
! Thls Sheet Has Been Replaced’
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Figdres 11A and B are a schematic of the charge and bl agt~appatatas—shom-Rg

the breech mechani smof the PCF gun. Mdified 50 calibef REPUACEMENT SHEET,
used. DETAI LED DESCRI PTI ON OF THE DRAW NGES -F-gtre—%

illustrates the prior art penetsgtgupgrempseséma¢t ure (PCH) |devgl Epe@B7mk
occurs when a substantially qylindrEmadcepor eholle 1 is sgalljed ang a
propel l ant or explosive chardge=3Ts Tgnfted within the hole—Bortrmg

combustion, the borehole is rapidly pressurized, and rodgk fracture is
initiated along the perinmeter of the hole ¥dbttom 5. The Fmrtiat—fractrurs

typically propagates down into the rock and then turns towards the free
surface as the stkfachefmethod i siain A8t yherein ERatdEdI1iRI h earlier

work done comprises percussive drilling.

22. The method of claim 18, wherein the drilling
comprises forming a borehole with stepped diameter and a
preferred aspect ratio of about between 2:1 and 6:1, and
preferably between 3:1 and 5:1, is formed.

23. The method of claim 18, whereby exploding gases are
prohibited from escaping from the borehole by a tapered wall
of a gun.barrel, thereby facilitating penetrating cone
fracture fragmentation.

24. The method of claim 18, in which jamming of the
helically wrapped sealing means into the borehole prevents
pressurized gas leakage.

dh

25. A gas injector apparatus comprising a gas injector
body having a breech with an opening for loadiﬁg a propellant
charge and a barrel and a discharge opening for directing and
discharging gaseous matter produced by burning propellant,
the barrel being of sufficient length to position the
discharge opening in a direction of a bottom of a hole for
discharging and directing the.gaseous matter produced and
propelled by the burning propellant toward the bottom of the
hole, for pressurizing the hole and for providing inward and
radially outward fracturing about the hole in the material to
be excavated.

26. The gas injector apparatus of claim 25, further
comprising a receiver in the breech for receiving a cartridge
holding the propellant charge.

27. The gas injector appafatus of claim 26, further
comprising a cartridge with a propellant charge positioned in
the receiver of the injector.

28. The gas injector apparatus of claim 27, further
comprising a cartridge extractor and ejector connected to the
injector for removing an expended cartridge from the
receiver. |

29. The gas injector apparatus of claim 27, wherein an
intermediate portion between a ¢harge chamber and the barrel

m | This Sheet Hes Been Replaced
SR | | ][]




10 inthis area, the penetrating cone fractures 7 in thils %g@%mﬁsﬂgﬁ
| l.r

creat ed usi ng shal | ow bor ehol e +h ?L= el | ant chd
2 illustrates various hole typ%sﬂ?ﬁi}’ Eic[_éﬁé %@\gd to facilli tatg PgE
breakage. A hole 9 may be drill ottom 11 dﬁ§79(

corner. A rounded or worn

18

tapering inwardly.

30. The gas injector apparatus of claim 25, further
comprising a relatively soft helical shim seal wrapped around
the barrel for sealing the injector body in the hole.

31. A gas injector cartridge for use in a gas injector,
comprising a gas injector-fitting casing filled with a
propellant charge and an igniter for igniting the propellant
charge and for ejecting the gaseous matter formed by burning
propellant, from the cartridge through an opening at an end
of a barrel of a gas injector and toward a bottom of a hole
in which a gas injector is positioned.

32. The method of fracturing large amounts of material
to be excavated, comprising drilling a hole in the material
to be fractured, placing a barrel of a g&s injector in a hole
with a muzzle discharge opening facing a bottom of the hole,
igniting and burning propellant in the gas injector, and
forcing gaseous matter rapidly produced by the burning
propellant toward the bottom of the hole for rapidly
increasing pressure in the hole and fracturing surrounding
material. '

33. The method of claim 32, further comprising
inserting a cartridge containing propellant in a breech of
the gas injector.

34. The method of claim 32, further comprising loading
propellant in a breech of the gas injector before igniting
the propellant and forcing resultant gaseous matter products
from the burning propellant toward a bottom of the hole.

35. Apparatus for breaking hard compact materials, such
as rock and concrete, comprising:

a charge-containing device for inserting into a hole
drilled into the material;

a charge in the device for generating a high-pressure
gas which is then injected into the hole; and

an ignition system for igniting the charge:;
for causing and effecting formation and propagation of a
preferred fracture from a bottom of the hole such that a

i




carbide tip bit provides a hole bottom 13 with a rounded
rounded hole bottomis detrinental. Another bit could be
a cylindrical hole 15 that is notched 16 at the bottom of |t
per pendi cul ar to the sidewal | "I gﬁmgsBEﬁwrenely shar
borehol e bottons are conduciv<q?0 SeLReED Ul e fractur
Preferred holes 17 and botto

REPLAGEMENT, SHERE

e naore,

i 1 BogERAgMe.

ifni ti ati on.

erated by a percfisstrve drrlT brt.

Al t hough | ess sharp than the dianond core drilled hole bo§tons, the

percussively drilled holes 18 and bottons 19 produce very good cone
fracture |n|t|at|on The addi ti onal m crofi®aw damage 19 induced in the rock

by percu53|ve dri

, t I hol
han adequttRts Hondies PFEERAL A8 SFRPELLT Fori e st ne ok ol ©

percussive/ﬁrlﬁemqyaﬂ t he borehol e elim nates the necessit

y for

construction of g Spagid iapAPa@uR0LIEORN GRS ! Yeurther comprising a

helical shim seal wrapped around the device for sealing the

device and containing the high pressure gas in the hole.
37. The apparatus of claim 35, further comprising an
articulated boom connected to the device for aligning with

the hole and inserting the device in the hole.

_ 38. The apparatus of claim 35, further comprising an

— indexer on the boom and a drill on the indexer, for forming
the hole with the drill and for indexing the drill out of
alignment with the hole, and indexing the device into

alignment with the hole.

39. A method for breaking hard compact materials, such

as rock and concrete, comprising:
drilling a hole in the material;
containing a charge in a device;

inserting the device into the hole drilled 1nto the

material;

igniting the charge and causing the charge to burn;
generating high-pressure gas from the burning charge;

injecting the gas into the hole;

N/ forming and propagating a preferred fracture from a

bottom corner of the hole; and

breaking, fracturing and/or removing a volume of

mﬁterial.

40. The method of claim 39, further comprising wrapping
a helical shim seal wfapped around the device, sealing the
device and containing the high pressure gas in the hole.

41. The method of claim 39, further comprising aligning

an articulated boom connected to the device with
inserting the device in the hole.

the hole and

42. The method of claim 41, further comprising indexing

the boom and a drill on the boom for forming the

hole with

the drill and indexing the drill out of aligmment with the
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Figire 3 illustrates a borehol e sealing method using a bresﬁEEhAQNWENTWQH%Ef—]
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propagation, and al so reduces erosion about the exterior of ITNETrRe—gul
barrel. Figures 3B and 3C show a mine gun,27 with a propellant charge
breech 29 and a threaded breach 31 which receives a plug closure 31. A bal
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of stemm ng bar ure SQPMB anot her sealing neans using a m ne
gun alignment . w1 the h

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

AR o Has B uend{eplaced-

\\\\\\\\\\\\\\\\\\\\\\\\\




barr el pafticularly designed to seal a boreholeAﬁEﬁMWCEM@NWb$WEFﬁ‘pS 45 and

47: The borehole is drilled so that a very smal pccur s at
the sealing shoul der 45. Havi: ‘ng a too-large diafe p%amfgw | ger woul d
al I-ow significant chipping or fracturing to occpr|a derjduring
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pressurization, thus permtting gas pressurg |ofss
br eakage. g

The preferred small dianeter chanQe

Controlled Fracture Method'and Apparatus fox
Breaking Hard Compact Rock and Concrete Materials

BACKGROUND OF THE INVENTION

Since the invention of dynahiie'in 1866, explosive
blasting has been the primary technique utilized for the
excavation of hard rock. Despite many improvements in rock

excavation technology over the years, methods suitable for

the continuocus excavation of hard rock do not yet exist,
wvhether for mining or civil construction. Conventional drill
and blast remains the only technigue which may be utilized to
excavate the harder rocks, such as granite and dgneiss, with
reasonable efficiency. Numerous mechanical and water iet
assisted systems have been developed for the efficient
excavation of softer, typically sedimentary rocks. Recent
improvements in tunnel boring machines have allowed these
machines to cut relatively hard rock up to 300 MPa in
compressive strength, but cutter wear remains a serious
problem. These systems are not able to effectively excavate
the harder rocks, however. Also the TBM type of machines are .
limited in their mobility and in their ability to cut
irregularly shaped openings.

Conventional drill and blast, while being able to-
excavate the hardest of rocks at acceptable efficiencies, is
limited, in that the technique must be apﬁlied in a cyclic |
drill, blast and muck fashion, resulting in the inefficient
and oftern interfering use of the machines required for each.
cycle. Conventional drill and blast is also limited, in that
considerable damage is done to the rock left around the
structure being excavated, with this residual damage oftén

- requiring additional and expensive ground support. For

commercial mining operations, the conventional drill and
blast method is limited, in that all of the rock excavated
from a mine heading in a single drill and blast round is so
jumbled and mixed that all of the rock must be rémoved from -
the mine, crushed, milled and processed for ore removal.
Numerous mining operations involve the excavation of vein-
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three possiBLe Bhi bck being left underground, would significantly
improve the economics of many mining operations. For civiil
construction, the conventional drill and blast method is
often limited, in that the large air blast and ground shock
associated with each blast preclude the method being utilized
in urban construction. Also the residual damage caused to

the remaining rock often compromises the mechanical integrity
of the structure, requiring additional dnd expensive ground
support. '
Rapid Excavatjon Techniques

Due to the -inherent limitations of conventional drill
and blast methods as discussed above, considerable research
has been devoted over the past 20 years to the development of
alternative rapid excavation technigues suitable for hard
rock. The approaches which have been considered during these
two decades of research have ranged from water-jet impact

- (Young, 1977) through'high-velocity projectile impact

(Lundquist, 1974); to sméll—charge blasting (Lundgquist and
Peterson, 1983). Both continuous (Zink et al., 1983) and
pulsed water-jet impact techniques (Young, 1977; Young, 1985)
have been investigated in considerable detail. 1In general,
the continuous water-jet techniques cannot generate water-jet
pressures high enough to efficiently cut the harder rocks.
While the pulsed water-jet'impact technigues can cut the
hardest of rocks, the energy efficiency of these techniques
and the mechanical complexity of the pulse-jet generating
devices has hindered the commercial development of the
techniques. Rapid excavation techhiques based upon
projectile impact have included consideration of a very small
projectile (pellet) impact (Singh, 1960), very large
projectile impact (where the projectiles might be launched
with conventional 104 mm military cannons (Lundquist, 1974),
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nucklng systens for use with the m ning apparatus of t eﬁﬁPb&%ﬁWENﬁéﬁﬁfTo
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pellet impact approaches have precluded their development,
while the very large air blast problems inherent in the large
projectile and explosive pellet approaches have hindered
their commercijal develbpment.
Small-Charge Blasting

Due to the relative éfticiency characteristic of

conventional drill and blast techniques, considerable
research has been devoted to the scaling down and automation
of drill and blast approaches so they might be applied on a
small-charge continuous drill and blast basis. Most notable
among these approaches is the Rapidex spiral drill and blast
system, which received considerable research consideration
during the 1970's (Lundquist and Peterson, 1983). Interest
in the further developmeﬁt in continuous drill and blast
techniques has been limited due to the relatively large
explosive loadings that are still required in the scale-down
systems, and the consequeéent requirenent that considerable
effort would need to be devoted to protecting both machines
and personnel operating at or near the excavation face. The
explosive quantities in these continuous drill and blast
approaches often remained high because conventional charge
loadings were employed_and several shot holes were typically
required to be detonated nearly simultaneously for proper
operation of the technique (Clark et al., 1979).
Practure Control Blgstigg :

A third approach to the development of more efficient

excavation techniques involved the consideration of methods
for applying controlled frécture techniques to the rock
breaking process. As less than one percent of the total
energy expended in conventional drill and blast is utilized
to develop the desired tensile fractures_within the rock, it
is quite attractive to inﬁestigéte methods by which the
energy reguired for rock fracture may be much more
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draulic cylinders 81, drilling 67, charge handlingf83 —amt—++++rRe—55

capabilities. The hydraulic cyli nders are contained it hnrQ aMﬁgalg ulbe

chassis 85. The extension is attached to the boom byjajnounti p. [The

drill 67 and gun 65 of both are nounted on the ext ensi OM o1 VWLllar'je

pl ates 81 and 89, and are further supported by cradles 91 and 93. The {ndex

pivot point, 63 dfaré §¢£8€11edtﬁo gnd Qrackurxng process. Controlled
fracturing techniques recently developed by the University of
Maryland (Dally and Fourney, 1977), the Swedish Detonic
Research Foundation (Bjarnholt et al., 1983) and elsewhere
(Young and Fourney, 1983) have shown that, with proper
fracture initiation andfcontrol,'the quantity of explosive
charges required to achieve a given desired fracturing can be
significantly reduced. Other research into the controlled
fracture of rock has resulted in the development of both
static and dynamic techniques, wherein the geometry of the
breakage process might s1gnificant1y reduce the energy
requirements. In general, these approaches involve methods
whereby the primary rock breaking fractures could be
developed roughly parallel to a free face, resulting in less
energy being required for fracture development. One static
method based upon this approach involves a mechanical device
which could act in a relatively shallow borehole and by means
of grippers, could pull (spall) the rock toward the free face
from which the hole was drilled (Cooper et al., 1980,
Anderson and Swanson, 1982). A'dynamic approach employing a
comparable geometry involved the firing of steel pistons into
shallow water-filled holes, such that the rapid
pressurization of the hole would result in the initiation and
propagation of a fracture from the stress concentration
occurring at the shafp corner at the hole bottom (Denisart et
al., 1976). A fracture so initiated would tend to propagate
out from the hole and parallel to the free face from which
the hole was drilled. While this apprdach yielded very
attractive rock excavation efficiencies, difficulties with
the rapid loss of the préssurization liquid when fracturing
other than from the hole bottom occurred, and with the
frequent jamming of the steel pistons in incompletely broken
holes, precluded the further commercial development of the
technique. 1In order to avoid the piston jamming problem, a
method utilizing high pressure, high velocity slugs of water
fired into shallow hoies'has also been proposed (Lavon,
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premise that better methods for pressurizing and propagating
these fractures could be developed, small research effort in
1984 demonstrated that small explosive -or propellant charges
could be utilized to effectively apply controlled fracture
techniques to unique rock breaking geometries (Young and
Barker, 1984). The primary geometry considered is
illustrated in Figure 1 and was based in part upon the
geometry proposed by Denisart et al. (1976). As indicated in
Figure 1, this fracturing is predicated upon the initiation
and propagation of a fracture from the bottom of a shallow
and rapidly pressurized borehole. Such a fracture could be
expected to propagate initially down into the rock and to
then turn towards the free surface as surface effects became
important, thus resulting in the removal of a large volume of
rock. The residual cone . left on the rock face by the initial
penetration of the fracture into the rock provides the basis
for the name (penetrating cone fracture, or PCF) given to
this type of fracturing. In contrast with the earlier work
of Denisart et al., later research efforts considered the
possibilities for initiating and propagating cone fractures
from shallow boreholes with small propellant and decoupled
explosive charges (Young and Barker, 1984).

SUMMARY OF THE INVENTION

The intention of the present invention is to disclose a
continuous drill-and-blast rapid excavation system (apparatus
and method) based upon the penetrating cone fracture (PCF).
approach. :

The excavation of hard rock for both'mining and civil
construction applications is usually accomplished with the
traditional drill and blast method. Due to the cyclic nature
of Adrill and blast operations (drill, blast, ventilate and
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novel fracture initiation and propagation technique has been
demonstrated to be capable of excavating the hardest of rocks
at efficiencies (energy per unit volume of rock removed) .four
to ten times greater than attainable with conventional drill
and blast. Signifiéant'enhancements to the concept include
the use of propellant rather than explosive charges, and the
design of devices for containing the charges and effectively
sealing the shot holes.

It is the object of this invention to provide an
improved rapid excavation method and apparatus. A machine is
disclosed integrating drilling, small-charge blasting and
mucking that remains at the excavating face during continuous
operations. An excavation method using the machine involves:
optimizing rock breakage with the penetrating cone fracture
technique; establishing optimum hole patterns and cone
fracture interactidns through spacing and placement:; |
optimizing borehole sealing by incorporating established
stemming parameters and new sealing techniques; and
optimizing continuous drilling, blésting and mucking
operations by incorporating established rock breakage
parameters, drilling pafameters, and propellant (explosive)
charge parameters. Furthermore, the machine could
incorporate robotic control into a smart system capable of
optimizing shot hole placement and geometry and charge
characteristics for specific rock conditions.

The'small—charge rapid excavation system would be
attractive for mining and éivil-const:uction operations where
sensitive structures, eguipment and personnel would be in
close proximity to the excavation face. The small-charge
rapid excavation system would be attractive in selective
mining operations where the ore rock could be fragmented and
processed separately from the barren country rock. The
barren rock could then be kept underground and eliminated
from the traditional hauling and milling operations.
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propel lants are particularly suited for use in the inye

barrel is inserted, stemred and sealed in a percussively dr|IIed shoul dgr ed
hole. Liquid is

Hard compact materials, such as rock, concrete, et
cetera, are broken by igniting an appropriately designed
explosive or propellant charge placed within the hole or
carried in a special charge-containing device with a short
barrel which is inserted and sealed into a bre-drilled hole
of particular geometry. One oxr more approximately
cylindrical holes are drilled into the material to be broken
by conventional drilling means, such as used in the mining
and construction industries.

The holes have a relatively short depth to diameter
ratio; being in the range of about 2.5 to 1 to 10 to 1, and
preferably about 3 to 1°to 4 to 1. The holes may be drilled
with sharp hole bottoms so as to enhance fracture initiation
at the hole bottoms, or may be notched at the hole bottom or
at other locations so as to provide for preferred fracture
initiation. Microfracturing from percussive drilling is
extremely beneficial to the process by providing fracture
initiating sites.

The explosive or propellant charges may be'any of
several commercially available explosives or propellants, .
including standard military and commercial rifle powders and
various recently developed liquid propellants.

The propellant charges, whether solid or liquid, may be
placed and ignited within a charge-containing device, which
. includes a short barrel ‘inserted into the holes drilled into
the material to be broken. The barrel of this device may be

further sealed into the holes by means of a helical shim
sealing method or by having a slight shoulder on the barrel
pressed against a slight step on the hole wall. The charge-
containing device is prevented from being accelerated out of
the hole by means of a heavy steel bar or comparable

structure held against thé rearwvard end of the charge-
containing device. '

th

\

With the controlled pressurization of the hole, realized
with the proper combinations of explosive and/or propellant
charge, the charge-containing device, hole sealing method and
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departing fromthe scope of the invention, mhich is described in the
foll ow ng cl ai ns.

restrxction of the charge or charge-containing device within
the hole by heavy steel bar or structure, a controlled
fracturing of the material may be realized.

One preferred fracturing involves the initiation and
propagation of a fracture from the hole bottom such that the
fracture propagates roughly parallel to the surface in which
the hole was drilled. :

This fracture will propagate with a lower expenditure of
enexgy due to its relation to the free surface, and will thus
remove and excavate the material more efficiently tham will
conventional drilling and blasting or boring. Due to the
lower energies required for effective brleakage of the
material, the velocity imparted to the broken material is
lower than for convention blasting, and thus machines and/or
personnel may remain close to the face being drilled and
excavated, allowing for the continuous operatlon of the
process. _

These and further and other objects and features of the
invention are apparent in the disclosure, which includes the

above and ongoing written specification, with the claims and
the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic view of prior art penetratlng
cone fracture development from a rapidly pressurized
borehole. The figure illustrates a general cone fracture
trajectory. ._ _

Figure 2 provides details of cored, rounded, notched and
percussively drilled hole bottoms evaluated in laboxratory
tests. Good cone fracture 1n1tiation was obtained in all of
the percussively drilled holes.

Figures 3aA, B and C are details of a mine gun having a
tapered nozzle section and a helical shim for simple and
effective sealing of the mine gun barrel in PCF holes.

Figure 4 further details the taper on the PCF gun bérrel
for improved borehole sealing, and also illustrates-a double



CLAI MS: 1. An apparatus for breaking materials conprising: . (a)
generating means for generating a gas; (b) i Inj r
injecting generated gas into a hole in said material, &ﬁ%ﬁé@ﬂ%ﬁ&ﬁ@ﬁﬁ%?

said generating neans is in comrunication with said |nject|n% neans
wherein said injecting means includes-a barrel having a] b2 MifH 1358 ore
di scharges said gas in a direction parallel to a |londitudinal axis off the

hol e and al ong a longitudinal &is of tHe bore; and c)
i npedi ng means for inpeding dissipation of the generated gas fromihe hiol e
to stepped borehole design.

Figure 5 illustrates a possible machine configuration
using a drilling machine equipped with a boom that carries
the PCF drill and PCF gun.

Figure 6 shows another possible configuration of the

machine in which a mining machine chassis is modified with a
boom for the PCF drill and PCF gun. A mucking apron and
conveyor system is also illustrated.

Figures 7A, B and C show three possible toe mucking
systems that are available for the modified miner chassis
shown in Figure 6.

Figure 8 provides a more detailed illustration of the
PCF boom extension with drilling, charge handling and firing
capabilities.

Figures 92 and B illustrate a multiple stepped drill bit
providing the small diameter change for borehole sealing, and
the larger borehole change for qun clearance. The deepest,
narrowest portion of the borehole is where rapid
pressurization occurs and PCF breakage is initiated.

Figures 102, B, C and D give details of a standard 50
caliber cartridge with a hollow shell to carry additional
propellant. T
| Figures 11A and B are a schematic of the charge and
blast apparatus showing the breech mechanism of the PCF gun.
Modified S50 caliber cartridges are used.

DETAILED DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates the prior art penetrating cone
fracture (PCF) development which occurs when a sﬁbstantially
cylindrical borehole 1 is sealéd and a propellant or
explosive charge 3 is ignited within the hole. During
combustion, the borehole is rapidly pressurized, and rock
fracture is initiated along the perimeter of the hole bottom
5. The initial fracture typically propagates down into the
rock and then turns towards the free surface as the surface
effects become'g factor. In contrast with earlier work done
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Figure 2 illustrates various hole types that can be used
to facilitate PCF breakage. A hole 9 may be drilled having a
hole bottom 11 with a sharp 90° corner. A rounded or worn
carbide tip bit provides a hole bottom 13 with a rounded
radius. Such a rounded hole bottom is detrimental. Another
bit could be used which creates a cylindrical hole 15 that is
notched 16 at the bottom of the hole, perpendicular to the
sidewall of the hole. Eitremely sharp, if not notched,
borehole bottoms are conducive to successful cone fracture
initiation. Preferred holes 17 and bottoms 18 are generated
by.a percussive drill bit. Although less sharp than the
diamond core drilled hole bottoms, the percussively drilled

.ﬁoles 18 and bottoms 19 produce very good cone fracture
initiation. The additional microflaw damage 19 induced in
the rock by percussiée,drilling, particularly at the hole
bottom radius, is more than adeqﬁate for consistent fracture
iniﬁiatidn. Thus, the preferred percussive drilling of the
borehole eliminates the hecessity for construction of a
specific hole bottom geometry. '

Figure 3 illustrates a borehole sealing method using a
brass shim strip 21 helically wrapped about the tapered
section 23 of a mine gun barrel 25. While a simple
cylindrical barrel mine gun may be used to seal the borehole,
using the helical shim seal allows for better containment of
gas pressure and higher peak préssure. The helical shim
effectively cuts down on the escape of propellant gases
during pressurization and fracture propagation, and also
reduces erosion about the exterior of the mine gun barrel.

Figures 3B and 3C show a mine gun 27 with a propellant
charge breech 29 and a. threaded breach 31 which receives a
plug closure 31. A ball and socket joint 33 has a stub 35
with a bore 37 which receives an end 39 of stemming bar 41.

Figure 4 shows another sealing means using a mine gun



4. * The apparatus as clainmed in claim1, wherein saldﬂﬁﬁﬁﬁﬁiﬁﬁ@ﬁhﬁﬁﬁEfcnd
t he injecting means are positioned in the hol e dufrng Tmjectiomnyof
the gas into the hole and the - generating neans is qugtquqqggl e|the
hol e. 5. The apparatus as clained in claim1, whe¢rgin the di st an¢e

bet ween sai d i npedi ng means and the end of the {njecting me: S

| ess than one third of the | ength of the 11 i nj ecting nmeans. 6. The

apparal us 23 IS LD LA G lSh! oSl ! B SRS IR A ST
double steps 45 and 47. - The borehole is drilled so that a
very small Qiameter change occurs at the sealing shoulder 45.
Having a too-large diameter at the shoulder would allow
significant chipping or fracturing to occur at the shoulder
during pressurization, thus permitting gas pressure loss and
hindering PCF breakage. The preferred small diameter change
reduces such chipping or fracturing at the shoulder. The gun

' barrel 51 is tapered $3 to partially £it within the PCF hole

43 and form a seal S5 at the sealing shoulder 49.

Figures § and 6 illustrate embodiments of the mining
apparatus. Commercially available crawler-type mining
méchines 57 are used in conjunction with one or more booms
59. The booms have rotational capabilities about their long
axis. An extension 61 is mounted on the boom, containing
hydraulic cylinders and having forward movement capabilities
along theé long axis of the boom. A pivot cone 63 is mounted
on the extension and detetmines the axis of rotation for
drill and blast sequences. The PCF gﬁn 65 and the excavation
drill 67 are mounted on opposing sides of the extension 61.
A mucking apron 68 and conveyor system 69 are be attached to
the mining carriage. .

Figures 7a, B and C show three possible prior art
mucking systems for use with the mining apparatus of the:
present invention. The standard mucking options use
gathering arms 71, collection disks 73, or loading chains 75.
Toe plates 77 and conveyors 79 are included. Machines
equipped with pineapple Qr'drum pick cutters are standard.
Rock fragments generated in many mining operations
consistently are fine and are readily handled by either the
gathering disk or loading chain option. For machines
modified with two booms and PCF drilling and charge handling
equipment, the rock fragment size distribution generated
includes more large fragments and fewer smaller fragments,
and the gathering arm option'would generally be preferable.
Mucking is continuous while.holes are drilled and blasted.



15 7. The apparatus as clained in claim1, wherein s (ﬁEPhﬁ@EMEND SHEETS
conpri ses: (a) a substantially cylindrical barr '

portion of said barrel having a smal | er” di gdmejt

hol e; (b) a bore in said barrel having an outl et q

into said hole; and (c) a chanber y0r containin

means in conmuni cation with said bor e.

Figure 8 illustrates the boom extension 61 having
internal hydraulic cylinders 81, drilling 67, charge handling
83, and firing 65 capabilities. The hydraulic cylinders are
contained within a sealed tube chassis 85. The extension is
attached to the boonm by a mounting plate. The drill 67 and
gun 65 of both are mounted on the extension 61 with slide
plates 81 and 89, and are further supported by cradles 91 and
93. The index pivot point 63 is centered on the end 64 of
the extension 61 that is roughly parallel to the excavation
face 66. |

Figures 92 and B give details of the special carbide
steel drill bit 95 used to create the small diameter change
borehole for one of the sealing options. The three conponent
combination bit includes steel carbide inserts 97, 98 for the
stepped portions of the bit. .The small diameter lead bit 99
for drilling the cone fracturing portion of the hole should
experience the greatest amount of ﬁear, and is separately
replaceabie. ' '

Figures 10A, B C and D illustrate a 50 caliber éartridge
101 with a hollow shell 103 to carry additional propellant
104. The hollow shell or boot may be manufactured of plastic
or aluminum. The aluminum shells or boots react somewhat
with the burning propellant, providing for additional
propellant energy, and the melted aluminum serves to further
improve borehole seaiing at the slightly stepped radius
shoulder. For a slightiy 1arger'scale of PCF breakage or for
an operation requiring cohsiderably more propellant chatge,
standard 20 millimeter military cartridges may be used.

Shell 101 has a primer cup 105, a primary charge 107 and an
optional wadding 109. :

Figures 11A and B show a breech mechanisﬁ for the PCF
gun 111 utilizing modified 50 caliber cartridges 101. The
gun has a simple, double acting hydraulic cylinder 113 to
activate the breech block or bolt 115 shown in the figure. A
swinging feed gate 117 is uSed to position the cartridges in
alignment with the breech 119 as they are received from the



8. = The apparatus as clainmed in claim1, further conpri $i REPIACEMENT SHEET
sel f-propell ed m ning nmachi ne engagi ng the inpedi ng npeers- Q

The apparatus as clained in claim1l, wherein said inpeding i ng ﬁg@%@@is a
step in . the bottom half of the hole. - 10. The appar dtus

claimed in claims 1, 2, 3, 4, 5 6, % 8 or-9, wherein sajd* L S—
means conprises a propellant charge and anaignition systemfor igniting
said charge. 11. A et hod for breaking mat eri al conpr 3TIg—tnj-eeti-Ag-
gas into gaktirddge tfeedetube dl2li t ISwinging gate 117 ets cactiwmatiedchbydes a

Gae’ 1 nj ectly 3 o FUARIEE Wnilipel) | Eaftridde Wefovay, 15, effgEcRieh o2 ¢
i nj ector Myd assicplé mechanical spriRg @1ipPhd2dmt obhiswald pirsieti ze the
hol'e bottgm3¥hia 125 placed beneath the breech portion 125 of the gun
is used for cartridge ejection.
Liquid propellants are particularly suited for use in

the invention. The gun barrel is inserted, stemmed and
sealed in a percussively drilled shouldered hole. Liquid is
supplied to the chamber through an opening, the opening is
closed, and the liquid propellant is ignited. Fractures
promulgate from sites at the hole bottom, and a large,
generally flat excavated portion is broken up and falls from
the face for mucking and conveying out of the mine.

_ While the invention has been described with reference to
specific embodiménts, modifications and variations of the
invention may be constructed without departing from the scope
of the invention, which is described in the following claims.




thereby form and propagate a fracture froma bottomcorng_of said hole to

break a vol une of said material. 12. The net hcdgymmgﬁﬁdpggﬂj

claim1ll, wherein the s bet yeen—the ”°° lnjector and th
substWﬁ‘p@ﬂﬁ‘iﬁ escafjel'df SHEETHASBEENE | hol e boft dm and i s 1 ocafe

of tlhe hoREPLACER3. he net hod lad &1 MAR=899 n

in a
cl ai nB 3&\“& ‘mm t he di stance between the seal apd _.1he eng
of the Jectdr s | ess than one third of the |ength{of the gas
I nj ector. The method as clained inlains 11, 12~e+-13,-wherein
sai d gas |nJector |s sealed in said hol e by engagenent of a t apere
portion of said &a§ PAfféctor with a wall of said hole.

1. A rapid excavation apparatus using penetrating cone

fracture breakage techniques, comprlslng.

a mining machine;

a boom mounted on the_mihing machine;

a drill mounted. on said boom means having a drill bit
for drilling a hole in an excavation face;

" a mine gun mounted on the boom for inserting in the
hole; '

the gun ‘having a receiver and a barrel;

a. borehole sealing means and stemming bar connected to
the gun for holding the gun sealed in the hole; and

nucking means mounted upon said machine.

2. The apparatus of claim 1, wherein the drill has
progressively-smaller diameters, the smallest and the next
smallest of which have only a slight diameter change for
forming a small sealing shoulder when drilling a borehole, .
the sealing means comprising a tapered portion on an external
surface of the barrel for contacting the small sealing
shoulder of a borehole, thereby sealing the borehole.

3. The apparatus of claim 2, wherein the drill
comprises a two-stepped drill bit having three sections for
drilling a borehole with three distinct and successively
narrowing diameters, whereby a smaller diameter difference
between the smallest and a second next smallest portions form
a sealing shoulder in the borehole, and a larger diameter
difference between the second portion and the largest
diameter portion provides for insertion of the gun in the
borehole. o

4. The apparatus of claim 1, further comprising a
cartridge for holding a:charge in the receiver.

. s. The apparatus of claim i, wherein the boom is
rotatable for indexing between allgnlng the drill and the gqun
with the borehole.

6. The apparatus qf claim 1, having a chamber and

i




16 15.

An apparatus for br

forlfornlng a Yﬁg\

The method as clained in claim1l, wherein the-hol ¢ REP e
the gas injector EﬂFEQ gﬂftT

engages said step to forma seal ther

material conprising. (a) |[f

\ rface} ofy1$ SHBETHIASIBEEN {0 be broke r Wf%gﬁ%gsg
\\ REPLACED
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7. The apparatus of claim 1, having along its longest

axis hydraulic actuators for alternately and separately
advancing the drill and the gun toward the face.

8. The apparatus of claim 7, wherein the boom
extension is a steel tube in which the hydraulic actuators
are carried.

9. The apparatus of claim 1, wherein the boom has an
attached steel tube boom extension with internal hydraulic
cylinders, a boom mounting plate on one end, and a pivot cone
on the other end.

10. The apparatus of claim 9, wherein the boom has a
first attachment on its outer surface for the dxrill, the
first attachment comprising a drill slide plate and a drill
cradle, and also having a second attachment for the gun, the
second attachment comprising a gun slide plate and a gun
cradle. : .

11. The apparatus of claim 1, wherein the sealing means
comprises a cylindrical mine gun barrel with a slightly
tapered portion which is helically wrapped with a brass shim.

12. The apparatus of claim 11, wherein the mine gun
barrel with a tapered portion is used in conjunction with a
double stepped borehole which has a small diameter increase
forming a sealing shoulder and another larger diameter
increase to accommodate a receiver portion of the mine gun.

13. The apparatus of claim 1, wherein the drill
comprises a two-stepped drill bit with replaceable steel
carbide inserts for fotmipg a'stepped borehole with three
different diameters, the narrowest portion of which has ‘an
optimal aspect ratio for a given penetrating cone fracture
breakage. : '

14. The apparatus qf claim 1, further comprising a
cartridge with propellanﬁ charge'in the breech of the gun.

15. The apparatus of claiﬁ.14, further comprising an
extension casing made of-cOnsuﬁable material extending
forward from the cartridge and holdlng propellant in the
barrel.

____________————————"—
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T



(b)- introducing nmeans for introducing gas into said hole potton
portion of the hol e under pressure to cause aqﬁggﬁﬁgﬁgﬁngHEET

foraLand4w4ﬁﬁﬁﬁn1rTTﬁﬁia bot t o tiis SHEET HAS BEBSO| ner of spi @l hol€;

(¢) ms““ﬂ M‘f\“&\ seal i ng |sai d gesL.AcEpsai d hol e; and 0 2 MAR 1999

aI [ gnl\ ni ng operativety tonnected to said jnepns for formn
" Said |ntrodUC|ng nmeans to consecutively Jalign said

forn1ng means and said i ntrodi%i ng neans witlh_said hole, and,
said sealing neans is provided at or

0 he
i nt roduci ng mean€and T&fr 2RBBY2EBSt BFN‘Fga%’@a}sw?W%{lﬁo eren%né 4
sai d hol e Wiabazinel dndolleadet spabedtédobet biee syl afer tkoading material to

pressurize the, bottom d BlﬁakﬂehBhﬂ bredénh. The apparatus as clai med |n
ai

claim 16, wher ern I gni n% nmeans r ot at es_abgut

consecutivel y al idn sThe PEPRFAGUReRsCIAE™sEfd ?EYQﬁEKﬁ?EFF&E&ﬁg th said
hol e and salﬁr@ﬁmw@m&t@ngagee]ectdrf aonnettedi to nelierguth. t 0 be

br oken {0 3,200 b2enle (3l 00004 BRAASaLEGH hoEnd BSROIEARS and

i nt roduci ng meand-®ar e #a
penetrating cone fracture breakage techniques comprising

performing a substantially continuous and sequentlal series
of drilling and blasting operations, each successive
sequential series of which being advanced further in the
direction of excavation, the sequential series of steps
further comprisings:

positioning a pivot point of a boom on an excavation
face; | | |

advancing the drill toward the face;

drilling a hole of stepped geometry and predetermined
aspect ratio: o

removing the drill from the face;

indexing the drill out of élignment with the hole and
indexing a gun mounted on the boom into alignment with the
hole; '

advancing the gun into_the'borehcle:

sealing the borehole with a sealing means on the gun:

loading an explosive dharge into the gun and igniting
the charge; :

w1thdraw1ng the gun rearward on the boom; and

advancing the boom along the face in the direction of
excavation and repeating the serles, all the while performing
substantially continuous mucking.

19. The rapid excavation method of claim 18, whereby
excavated material is fraCtured and not crushed, resulting in
minimal dust -formation.

20. The sequent1a1 rapld excavatlon mnethod of clalm is8,
wheréby the fracture fragmentatlon of each series aids the
breakage -and fragmentatioh'of the next series in succession

epa
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wi th said hole and wherein said aligning neans_extends forwaB&PYATRGPNRISHEET
ex;gﬂngﬂ_@ﬂd.,————~—rs out of alignment with the hole durlng~thc
consecutiv pf the for AS BEEN jand intr n

ﬂ!\mﬁ\ﬁ“mmm aratus usi ng srrqg ng@ge bljasting t c nlﬂage @ %%
conp

(). a self-propetred—excavatton nachi )

adrill for drilling arhole in an excavation face and opti naIIy a naEgFlal

renoval f both device for renoving f¥actured naterlal fromtie

excavation face bot of whi ch ted o . excavation
nachi ne; ) T aaPédcﬁéﬁﬂeﬁgnnﬁhFﬁﬂl g#?m§| i on.

machi ne for doifpadises @ercuSSive drilpdagsuri zed medi um from di ssi pating

froma bottom of Jthie pls FﬁQhﬁ%?%EuE&aih h82SUherein the arififiggtion of

the materi al surroundlng
comprises forming a borehole with stepped diameter and a

preferred aspect ratio of about between 2:1 and 6:1, and
preferably between 3:1 and 5:1, is formed. ' |

23. The method of claim 18, whereby exploding gases are
prohibited from escaping from the borehole by a tapered wall
of a gun barrel, thereby facilitating penetrating cone
fracture fragmentation.

24. The method of claim 18, in which jamming of the
helically wrapped sealing means into the borehole prevents
pressurized gas leakage.

25. A gas injector apparatus comprLSing a gas injector
body having a breech with an opening for loading a propellant
charge and a barrel and a discharge opening for directing and
discharging gaseous matter produced by burning propellant,
the barrel being of sufficient length to position the
discharge opening in a direction of a bottom of a hole for
discharging and directing the-gaseous matter produced and
propelled by the burning propellant toward the bottom of the
hole, for pressurizing the hole and for providing inward and
radially outward fracturing about the hole in the material to
be excavated. |

26. The gas injector apparatus of claim 25, further
comprising a receiver in the breech for receiving a cartridge
holding the propellant charge.

27. The gas injector apparatus of claim 26, further
comprising a cartridge with a propellant charge positioned in
the receiver of the injector.

28. The gas injector apparatus of claim 27, further
comprising a cartridge extractor and ejector connected to the
injector for removing an expended cartridge from the
receiver. ,

29. The gas injector apparatus of claim 27, wherein an
intermediate portion between a charge chamber and the barrel

'/ .
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C(d) a boom connect to the self-propelled excavation nacrlﬁEPLAgywwbﬁo
mounti n he drill TI;Ir'; sﬂE’;;n”m ed nenber, vvher(L e.dr] gHEET
forms th “\\lmg oom T HAeBEEN ijal | y renmD |
fromt “m“m t‘s t he ellongat REPI#EGRBer 'i n ?tiﬁé’# ﬁéﬁz

is .
tapering inwardly.

30. The gas injector apparatus of claim 25, further
comprising a relatively soft helical shim seal wrapped around
the barrel for sealing the injector body in the hole.

31. A gas injector cartridge for use in a gas injector,
comprising a gas injector-fitting casing filled with a
propellant charge and an igniter for igniting the propellant
charge and for ejecting the gaseous matter formed by burning
propellant, from the cartridge through an opening at an end
of a barrel of a gas injector and toward a bottom of a hole

in which a gas injector is positioned.

32. The method of fracturing large amounts of material
to be excavated, comprising drilling a hole in the material
to be fractured, placing a barrel of a-gés injector in a hole
with a muzzle discharge opening facing a bottom of the hole,
igniting and burning propellant in the gas injector, and
forcing gaseous matter rapidly produced by the burning
propellant toward the bottbm of the hole for rapidly
increasing pressure in the hole and fracturing surrounding
material. '

33. The method of claim 32, further comprising
inserting a cartridge containing propellant in a breech of
the gas injector.

34. The method of claim 32, further comprising loading
propellant in a breech of the gas injector before igniting
the propellant and forcing resultant gasedus matter products
from the burning propellant toward a bottom of the hole.

35. Apparatus for breaking hard compact materials, such
as rock and concrete, comprising:

a charge-contalning device for inserting into a hole
drilled into the material: .

a charge in the device for generating a high-pressure
gas which is then injected into the hole; and.

an ignition system-fbr igniting the charge;
for causing and effecting formation and propagation of a
preferred fracture from a bottom of the hole such that a

This Sheet Has Been Replaced
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19. ° The excavation apparatus of claim 18, wherein the el ”ggpﬂﬂﬂlgl” ﬂg

~a gas injector havi ng a breech and a barrel in co
t he breech. 20. The excavation %[ T t of—etetns 18 ¢r
boom engages t he excavati on l ggégg?@gﬁB e |boom s a|
formati on of the hole and align - ongat efl m :
hol e. 21. The excavation apparatus of claim 18, whereip the end of the
drill includes a stepped drill bit to forma steppet—e+—hale_and
t he boomincludes an alignment device that 19 ext ends outwardly

el ongat od molBLIRG, OF FRE RET e kan FhecEffentisty A, %roé?e%ﬁ%em
with the /orhvemsovedi ng al i gnnent .

36. The apparatus of claim 35, further comprising a
helical shim seal wrapped around the device for sealing the
device and containing the high pressure gas in- the hole.

37. The apparatus of claim 35, further comprising an
articulated boom connected to the device for aligning with
the hole and inserting the device in the hole. :

38. The apparatus of claim 35, further comprising an
indexer on the boom and a drill on the indexer, for forming
the hole with the drill and for indexing the drill out of
alignment with the hole, and indexing the device into
alignment with the hole. _

39. A method for breaking hard compact materials, such
as rock and doncrete, comprising:

drilling a hole in the material;

containing a charge in a device;

inserting the device into the hole drilled lnto the
material;

igniting the charge and causing the charge to burn;

generatin§ high-pressure gas from the burning charge:

injecting the gas into the hole;

forming and propagating a preferred fracture from a
bottom corner of the hole; and '

breaking, fracturing and/or removing a volume of
material. : . ‘

40. The method of claim 39, further comprising wrapping
a helical shim seal wrapped around the device, sealing the
device and containing the high pressure gas in the hole.

41. The method of claim 39, further comprising aligning
an articulated boom connected to the device with the hole and
inserting the device in the hole.

42. The method of claim 41, further comprising indexing
the boom and a drill on the. boom for forming the hole with
the drill and indexing the_&rill out of alignment with the
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22.- The excavation apparatus of clains 18 or 19, wherei &T <1 I—
menber is reusable.  23. The excavati on appar at sﬁgﬁﬁdiﬁﬁ@lg EBY

19, wherein the el ongated nenber has as @epRiol e efd [fhat” TS Tapergd
inwardly.  24. The excavation a-ﬁﬁmh§15 Iains 18, 19,| 7022MAR21839 o
23, wherein the pressurized di T 25] A gas i njectof

apparatus conprising a gas injector having a breech w thlan opening tor
| oadi-ng cartridges, a barrel having a discharge opening flor directing and

di schar gi ng gaseous matter produced by gocartridge in the breech
towards a bottomof a hole in an excavation face, the discharge
openi ng faci ng hBeehohhanm fflekhirghthe, claaxbergmstaining device into

alignment .with the hole.
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| npedi ng portion for dissipating the rel ease of the gasgews.Jmiier fromthe

bottom of the hol e" and t hereby pressurize the gade REt i e
bottom of the hole, the barrel : : i i MENT 'shieE

REPLACEMENT SHEET

. . . . 8

bei ng of sufficient |ength to| 764 $HERT HA®BEEN | npedi ng pcrtq &nMAR égﬂower
h?lthfhtre hol e and shaced REPbA¢Ee exdavati on flade—and-the bot forh
of the hol e. T

21

CONTROLLED FRACTURE METHOD AND APPARATUS FOR BREAKING HARD
COMPACT ROCK AND CONCRETE MATERIALS

. ABSTRACT

Hard compact materials, such as rock, concrete, et cetera,
are broken by igniting an appropriately designed explosive or
propellant charge (101) carried in special charge—contéining
device (27) with a short barrel (25) which is inserted and sealed
into a pre-drilled hole (9) of particular geometry. Holes (9)
are percussively drilled with microfractures (19) in and around
hole bottoms (13) to provide fracture initiation sites at the
hole bottom (13) so as to provide preferred fracture initiation
roughly parallel to a free'surface of material being excavated.
The propellant charge (101) may be placed and ignited within a
charge-containing device (27) which includes a short barrel (25)
inserted into the holes-(é) drilled into the material to be
broken. The barrel (25) of this device (27) may be further
sealed into the holes (9) by a helical shim (21) or by having a
slight shoulder (53) on the barrel pressed against a slight step
(49) on the hole wall (43).

Figure 2 and Figure 3c
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26: The gas injector apparatus of claim25, further conpg+si
" self-propelled mning machi ne havi ng a boom engagi gﬁg
i njector and the gas injector apparatus forns a pe efJ aflnn ygn%HEEﬂ
fracture in the material to-be excavat ed. 27. The gas i ﬁ&;ﬁ\&ﬁ
apparatus of claim25, further conprising an i ndexer on o R, 1999
drill on the indexer, the indexer indexd/g the drill out |ofaganent wi tih
t he hole, and wherein the indexer contacts the exdavation face to
stabilize the indexer when the drill is I ndexed out—of—alganent
with the hole and the gas injector is indexed into alignment with
t he hol e. 28. A nethod for fracturing a material, conprising:
forming a hole in a face of the materi al; '

FIG.I

FIG. 3b



inserting an el ongated nenber of an excavation nachine into the—hale;
rel easi ng gas through the el ongated nenber into the hole, wh F%EPLAEEMENT SHEET

-di schar ge openi ng ~of the elongated nenber is |ocated {n [a-ba.t_r_nm\_
portion of the hole and faces the bottom of the hole;|and ’
sealing the el ongated nenber in the pottom portion of the hole anc? Jﬁ%’:é@ﬂg

fromthe hol e opening to pressurized sel ectively a hgl e~bset++em.and
thereby fracture at |east a - portion of the material gurrounding the
hol e, wherein the sealing step occurs before the ¢ ASTITg—54+-64
29. The nmethod of claim 28, wherein the sealing t®p incl gdes engagi ng
t he el ongat ed menber with an inwardly steppediportioff of the hole.
30. The nmethod of clains-28 or 29, wherein the s'%al ged at or near
t he of the el ongat ed nenber . < © i <
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31: The nmethod of clains 28 or 29, further conprisi-ng engagi ng an i ndexer
with the face of the material, indexing a drill jo =) TITETT
with the hole and indexing the el ongated. menber iﬁ%%—%%ﬂﬁéﬁ%ﬁt h

t he hol e. - . o T9
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32: .A gas injector apparatus using snall

conpri si ng: an el ongated barrel for

‘material to be broken, the el ongated

hol e through a di scharge opening and the di scharge
bottom of the hole; and a breech, located outside t
comuni cation with the elongated barrgl;; the
cartridge for generating the gas, wherein the el ongated bg
seal with an interior wall of the hole, spaced froman op

charge bl asting technlques

|nsert|on |nto Rl 2

g@E@mewgm csﬂé&?

alna f aces
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%ﬁmﬁ&‘gﬁs

-an-nrp =Y

ﬁnlng of the hole

and near a bottom of the hole to inpede gas from diSsTpatt+hg—om
t he hol e. 33. The gas injector apparatus of.claim 32, wherein the seal

is formed at or near the end of t he el ongat ed barrel
gas in the hole forns a penetrating cone fracture.
apparatus of clains 32 or 33, jurther—epapLl
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wherein the elongated barrel and breech and the drill are.hQth nouthed on
the boom - and the boomincludes a positioning devidegk

face of the material when the drill is renoved fr mR E@Q@Mﬁ%@gﬁﬁe
el ongated barrel is inserted into the hole. 35. A nmethod for fracturiig
a material, conprising: i nserting an el ongat ed nmefbdr G2 MAR 1939
sel f-propell ed excavation nmachine ifito a hole in a . ce of the
material, the el ongated nenber having a breech for receiying a gas
generating substance, a barrel and a di scharge opening f&eng-the hottomo
t he hol e; sealing the el ongated nenber in the hole near the bottom
of the hole and spaced from the face; rel easing gas into a
bottom portion of the hole; and i npedi ng the escape of gas fromthe
bottom of the hole to pressurize the bottom of the hol e and t her eby
forma penetrating cone fracture extending froma bottom coner of the

hole to fracture at least a portion of the pmterial surrounding the hole.
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36. The nethod of claim 35, further conprising:
of the boomwi th the face of the materi al
material with a drill nounted on the boom

engagi ng a portion
formng the hole in the

removi 10 sEBPACEMENT SHEET

“alignment with the hole; and
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20+ aligning the el ongated nenber. with the hole, the-elopgated nenber

bei ng nounted on the boomw th the drill. 37. ThREPEA -
<lainms 35 or 36, wherein the gas generating substance is a pLQpe SHEET f
and the seal is |ocated near the discharge opening. 38. | A EFthOd Tor
formng a penetrating cone fracture in ?g‘aterial to be bjole ,ZCMA‘BI’EQQI’;%Z
~engaging a portion of a boomw th a sur éce of the materi gl be broken;
drilling a hole in the material using a drill attached tojthe boom o
removing the drill fromthe hole; positioning a dewee-far _formng a
penetrating cone fracture in the material in the hole, wherein the
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1. An apparatus for breaking materials comprising:
(a) generating means for generating a gas;

. (b) injecting means for injecting generated gas into a hole in said material, wherein

, said generating means is in communication with said injecting means and
wherein said injecting means includes a barrel having a bore and said bore
discharges said gas in a direction parallel to a longitudinal axis of the hole and
along a longitudinal axis of the bore; and )

{c) impeding means for impedi'ng dissipation of the generated gas from the hole to
achieve increased pressure in said hole upon injection of a gas into said hole,
wherein the impeding means is provided at or near the end of the injecting
means and arranged to form a seal with a surface of said hole within said hole
and spaced from said free surface of said material and the increased gas

pressure causes a fracture to form and propagate from a bottom corner of said
“hole.

2. The apparatus as claimed in claim 1, wherein a discharge opening of the bore faces the
bottom of said hole. '

3. The apparatus as claimed in claim 2, wherein the impeding means is located in a bottom
half of the hole. |
4. The apparatus as claimed in claim 1, wherein said impeding means and the injecting

means are positioned in the hole during injection of the gas into the hole and the
generating means is located outside the hole.

5. The apparatus as claimed in claim 1, wherein the distance between said impeding
means and the end of the injecting means is less than one third of the iength of the
injecting means. '

6. The apparatus as claimed in claim 1, wherein said injecting means and said impeding
means comprises a tapered barrel.
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(@  a substantially cylindrical barrel with at least a pbrtion of said barrel having a
smaller diameter than said hole; -

(b) a bore in said barrel having an outlet to inject gas into said hole; and

(c) a chamber for containing said éenerating means in communication with said
bore.

The apparatus as claimed in claim 1, further comprising a self-propelled mining machine
engaging the impeding means.

The apparatus as claimed in claim 1, wherein said impeding means contacts a step in
the bottom half of the hole.

The apparatus as claimed in claims 1, 2, 3, 4, 5, 6, 7, 8 or 9, wherein said generating
means comprises a propellant charge and an ignition system for igniting said charge.

A method for breaking material comprising injecting gas into a hole in the material with a
gas injector that includes a muzzle discharge opening facing the bottom of the hole,
wherein said gas injector forms a seal with said hole at or near the end of the gas
injector and spaced from a free surface of the material to pressurize the hole bottom and
thereby form and propagate a fracture from a bottom corner of said hole to break a
volume of said material.

The method as claimed in claim 11, wherein the seal between the gas injector and the
hole substantially impedes the escape of gas from the hole bottom and is located in a
bottom portion of the hole.

The method as claimed in claims 11 or 12, wherein the distance between the seal and
the end of the gas injector is less than one third of the length of the gas injector.

. The method as claimed in claims 11, 12 or 13, wherein said gas injector is sealed in said

hole by engagement of a tapered portion of said gas injector with a wall of said hole.



REPLALE
21 43. The apparatus of claim42, wherein the devijce[fTor
penetratd ng cmW’T{ncl udes a breech flor| rpceiSEM498 das
generati ng substmmmmnmumt}i on with an e] ongated barrdgl for
rel easing a gas s gas generating subgtance rnto the
hole and the free*ent of t'he boomiis out of ali gnment with the hol e. 44.
The apparatus of claim43, wherein the device includéS seallng neans for
seal ing the gas in a bottom of thel®hol e to formthe penetrating cone

fracture, 4¢ he I 00; : L 0g. | ed. o) f
the el ong!at ‘ed ﬁ%ﬁgﬁtﬁﬂaigﬁlrﬁ}:ﬁg\ %l%'f)na?é’?‘ﬁis'&gw @%ﬁoﬁﬁ&\%@éﬁel nt e§€s| S anéc?e
bet ween t he doengagee saiddtepr totform asealdmrewith.

16.  An apparatus for breaking material comp;'ising:

(@) forming means for forming a hole in a surface of said material to be broken;

(b) introducing means for introducing gas into said hole towards a bottom portion of
the hole under pressure to cause a fracture to form and propagate from a bottom
corner of said hole;

(c) sealing means for sealing said gas in said hole; and

(d) aligning means for aligning operatively connected to said means for forming and
said introducing means to consecutively align said forming means and said
introducing means with said hole, and, said sealing means is provided at or near
the end of the introducing means and arranged fo form a seal with a surface of
said hole within said hole and spaced from the surface to said material to
pressurize the bottom of said hole.

17.  The apparatus as claimed in claim 16, wherein said aligning means rotates about an
axis to consecutively align said forming means and said infroducing means with said
hole and said aligning means engages a surface of said material to be broken to
stabilize the aligning means when the forming means and introducing means are aligned
with said hole and wherein said aligning means extends forwardly from an extension and
is out of alignment with the hole during the consecutive alignment of the forming means
and introducing means.

18.- An excavation apparatus using small charge blasting techniques, comprising:
(a) a self-propelled excavation machine;
(b) a drill for drilling a hole in an excavation face and optionally a material removai
device for removing fractured material from the excavation face both of which are
mounted on the excavétio_h méchine;

(c) an elongated member mounted on the excavation machine for impeding a
pressurized medium from dissipating from a bottom of the hole to fracture at least
a portion of the material _5unounding the hole; and
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the drill and elongated member, wherein the drill forms the hole and the boom
sequentially removes the drill from the hole and inserts the elongated member
into the hole.

The excavation apparatus of claim 18, wherein the elongated member is a gas injector
having a breech and a barrel in communication with the breech.

The excavation apparatus of claims 18 or 19, wherein the boom engageé the excavation
face to hold the boom stationary during formation of the hole and alignment of the
elongated member with the hole.

The excavation apparatus of claim 18, wherein the end of the drill includes a stepped
drill bit to form a stepped drill hole and the boom includes an alignment device that
extends outwardly therefrom and contacts the excavation face during alignment of the
elongated member with the hole and the alignment device is out of alignment with the
hole during alignment.

The excavation apparatus of claims 18 or 19, wherein the elongated member is
reusable.

The excavation apparatus of claims 18 or 19, wherein the elongated member has a
downhole end that is tapered inwardly.

The excavation apparatus of claims 18, 19, 20 21, 22, or 23, wherein the pressurized
medium is a gas.

A gas injector apparatus comprising a gas injector having a breech with an opening for
loading cartridges, a barrel having a discharge opening for directing and discharging
gaseous matter produced by a cartridge in the breech towards a bottom of a hole in an
excavation face, the discharge opening facing the bottom of the hole, and a gas
impeding portion for dissipating the release of the gaseous matter from the bottom of the
hole and thereby pressurize the gaseous matter in the bottom of the hole, the barrel
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being of sufficient length to position the gas impeding portion in a lower half of the hole
and spaced from the excavation face and the bottom of the hole.

The gas injector apparatus of claim 25, further comprising a self-propelled mining
machine having a boom engaging the gas injector and the gas injector apparatus forms
a penetrating cone fracture in the material to be excavated. '

The gas injector apparatus of claim 25, further comprising an indexer on a boom and a
drill on the indexer, the indexer indexing the drill out of alignment with the hole, and
wherein the indexer contacts the excavation face to stabilize the indexer when the drill is
indexed out of alignrhent with the hole and the gas injector is indexed into alignment with
the hole.

A method for fracturing a material, comprising:

forming a hole in a face of the material;

inserting an elongated member of an excavation machine into the hole;

releasing gas through the elongated member into the hole, wherein a discharge opening
of the elongated member is located in a bottom portion of the hole and faces the bottom
of the hole; and

sealing the elongated member in the bottom portion of the hole and spaced from the
hole opening to pressurized selectively a hole bottom and thereby fracture at least a
portion of the material surrounding the hole, wherein the sealing step occurs before the
releasing step.

The method of claim 28, wherein the sealing step includes engaging the elongated
member with an inwardly stepped portion of the hole.

The method of claims 28 or 29, wherein the seal is formed at or near the of the
elongated member.

The method of claims 28 or 29, further comprising engaging an indexer with the face of
the material, indexing a drill out of alignment with the hole and indexing the elongated
member into alignment with the hole.
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32 Agas ihjector apparatus using small charge blasting techniques, comprising:

an elongated barrel for insertion into a hole in a material to be broken, the elongated
barrel injecting a gas into the hole through a discharge opening and the discharge
opening faces a bottom of the hole; and

a breech, located outside the hole, in communication with the elongated barrel, the
breech receiving a cartridge for generating the gas, wherein the elongated barrel forms a
seal with an interior wall of the hole, spaced from an opening of the hole and near a
bottom of the hole to impede gas from dissipating from the hole.

33. The gas injector apparatus of claim 32, wherein the seal is formed at or near the end of
the elongated barrel and pressurized gas in the hole forms a penetrating cone fracture.

34. The gas injector apparatus of claims 32 or 33, further comprising a boom and a drill,
wherein the elongated barrel and breech and the drill are both mouthed on the boom
and the boom includes a positioning device that contacts a face of the material when
the drill is removed from the hole and the elongated barrel is inserted into the hole.

35. A method for fracturing a material, comprising : _
inserting an elongated member of a self-propelled excavation machine into a hole in a
face of the material, the elongated member having a breech for receiving a gas
generating substance, a barrel and a discharge opening facing the bottom of the hole;
sealing the elongated member in the hole near the bottom of the hole and spaced from
the face;
releasing gas into a bottom portion of the hole; and
impeding the escape of gas from the bottom of the hole to pressurize the bottom of the
hole and thereby form a penetrating cone fracture extending from a bottom corner of the
hole to fracture at least a portion of the material surrounding the hole.

36. The method of claim 35, further oomprising:
engaging a portion of the boom with the face of the material;
forming the hole in the material with a drill mounted on the boom;
removing the drill from alignment with the hole; and
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38. A method for forming a penetrating cone fracture in a material to be broken, comprising:
engaging a portion of a boom with a surface of the material to be broken;
drilling a hole in the material using a drill attached to the boom;
removing the drill from the hole; '
positioning a device for forming a penetrating cone fracture in the material in the hole,
wherein the device for forming a penetrating cone fracture is mounted on the boom; and
forming a penetrating cone fracture in the material to be broken.

39. - The method of claim 38, wherein the device for forming a penetrating cone fracture
includes a breech for receiving a gas generating substance in communication with an
elongated barrel for releasing a gas generated by the gas generating substance into the
hole. '

40. The method of claim 38, wherein the forming step includes sealing a gas in a bottom of
the hole to form the penetrating cone fracture and the seal is located at or near a
downhole end of the device for forming a penetrating cone fracture.

41. The method of claim 38, wherein the boom rotates about a longitudinal axis thereof and
the portion of the boom is offset from the hole.

42. An apparatus for forming a penetrating éon_e fracture in a material, comprising:

- a drill and a device for forming the penetrating cone fracture both mounted on a common
boom, wherein the drill and device for forming a penetrating cone fracture are
sequentially aligned with a selected portion of a working face of the material along a
common axis and wherein a free end of 'the boom engages the working face during
sequential alignment of the drill and device for forming a penetrating cone fracture with
the selected portion of the working face.
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The apparatus of claim 42, wherein the device for forming a penetrating cone fracture
includes a breech for receiving a gas generating substance in communication with an
elongated barrel for releasing a gas generated by the gas generating substance into the
hole and the free end of the boom is out of al'ignment with the hole.

The apparatus of claim 43, wherein the device inc_ludes sealing means for sealing the
gas in a bottom of the hole to form the penetrating cone fracture, the means for sealing
being located near a downhole end of the elongated barrel.

The apparatus of claim 44 wherein the distance between the dowlhole end of the device
and the sealing means is less than one third of the length of the device.

The apparatus of claim 1, wherein the impending means is located at or near the bottom
of the hole.

The method of claim 11, wherein the gas injector is sealed in the hole at or near the
bottom of the hole.

The method of cIaims 28 or 35, wherein the discharge opening of the elongated member
is located at or near the bottom of the hole.

The apparatus of claims 1 or 46, wherein the injeqting means includes a breech and the
breech is located outside of the hole.

The apparatus of claims 19 or 25, wherein the breech is located outside of the hole.

The gas injector of claim 25, wherem the gas impeding portion is located at or near a
downhole end of the barrel.

The method of claims 11 to 15, 28 to 31, 35 to 41, and 47 or 48, further comprising
placing an explosive or propell_ént charge in the bottom of the hole.

A
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The method of claims 11 to15, 28 to 31, 35 to 37, or 47 to 48, wherein the seal impedes
substantially the escape of the gas from the hole.

The method of claims 11 to 15, 28 to 31, 35 to 37or 47 to 48, further comprising
supplying liquid propellant to a chamber through an opening and closing the opening.

A method of fracturing large amounts of material to be excavated, comprising drilling a
hole in the material to be fractured with a drill, placing a barrel of a gas injector in the
hole, igniting and burning propellant in the gas injector, and forcing gaseous matter
rapidly produced by the burning propellant toward the bottom of the hole for rapidly
increasing pressure in the hole and fracturing surrounding material, wherein the batrrel
has a muzzle discharge opening facing a bottom surfade of the hole and further
comprising the step of placing a second propellant or explosive charge within the hole.

A method as claimed in claim 55, wherein the propellant is a liquid propellant and further
comprising supplying liquid propellant to a chamber through an opening and closing the
opening and wherein the seal is closer to the hole bottom than to the hole opening.

A method as claimed in claims 55 to 56, further comprising taking the drill out of
alignment with the hole and placing the barrel into alignrrient- with the hole while an
extension attached to the drill and gas injector is substantially stationary.

A method as claimed in claims 55 to 56, further comprising preventing the gas injector
from being accelerated out of the hole by means of a structure held in place against the
rearward end of the gas injector and the seal is located at or near the discharge opening.

A method as claimed in claims 55 to 58, wherein the gas is discharged from the opening
in a direction parallel to a longitudinal axis of the hole and along a longitudinal axis of a
bore in the barrel.
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CONTROLLED FRACTURE METHOD AND APPARATUS FOR BREAKING HARD
COMPACT ROCK AND CONCRETE MATERIALS

ABSTRACT

Hard compact materials, such as rock, concrete, et cetera,
are broken by igniting an appropriately designed explosive or
propellant charge (101) carried in special charge-contéining
device (27) with a short barrel (25) which is inserted and sealed
into a pre-drilled hole (9) of particular geometry. Holes (9)
are percussively drilled with microfractures (19) in and around
hole bottoms (13) to provide fracture initiation sites at the
hole bottom (13) so as to provide preferred fracture initiation
roughly parallel to a free surface of material being excavated.
The propellant charge (101) may be placed and ignited within a
charge-containing device (27) which includes a short barrel (25)
inserted into the holes (9) drilled into the material to be
broken. The barrel (25) of this device (27) may be further
sealed into the holes (9) by a helical shim (21) or by having a
slight shoulder (53) on the barrel pressed against a slight step
(49) on the hole wall (43).

Figure 2 and Figure 3c
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