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. | (57 Abstract

Rock and other hard materials, such as concrete, are broken by a combination of a mechanical impact breaker (33, 47) and a small-
~ ] charge blasting process. A mechanical impact breaker (33, 47) fragments rock by delivering a series of mechanical blows to the rock. The
% fracturing process is accomplished by pressurizing the bottom of a drill hole (9) in such a way as to initiate and propagate a controlled
fracture (18, 30) or propagate any pre-existing fractures near the hole-bottom (12), In practice, a small-charge blasting method is used to
fracture and partially break out the center portion of the excavation. A mechanical impact breaker (33, 47) can then be used efficiendy to
further break and dislodge the rock that has been weakened by the small-charge biasting,




20 | " The excavation of rock is a primary activity in the

m ning, quarrying and civil construction industries. There are a
nunber of inportant unmet needs of these industries relating to the
excavation of rack and other hard materials. These include: 25
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U.S. Provisional Application Serial No. 60/001,956 entitled
"METHOD FOR CONTROLLED FRAGMENTATION OF HARD ROCK AND
CONCRETE BY THE COMBINATION USE OF IMPACT HAMMERS AND SMALL
10 CHARGE BLASTING", filed August 7, 1995, which is

incorporated herein by reference in its entirety.

FIELD OF THE INVENTION
The present invention relates generally to a method
15 for excavating hard rock and concrete and, specifically, to
a method for excavation of hard rock and concrete using

small charge blasting and impact hammers.

BACKGROUND OF THE INVENTION
20 The excavation of rock is a primary activity in the
mining, guarrying and civil construction industries. There
are a number of important unmet needs of these industries
relating to the excavation of rock and other hard
materials. These include:
25 Reduced Cost of Rock Excavation
Increased Rates of Excavation
Imprbved Safety and Reduced Costs of Safety
. Better Control Over the Precision of the
Excavation Process
30 Cost Effective Method of Excavation Acceptable
in Urban and Environmentally Sensitive Areas



because of regulatory restrictions. |In production mning, 5 drill and
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in mne devel opnent and ci vil tunneling, -drill and blast methods are
fundanmental | y limted in advance rates because of the cyclica

nature of the large-scale drill & blast process. 10 Tunnel
boring machi negoymmessged for excavations requiring | BEEUSI612801
relatively straight tunnels with circul ar cross-sections. These
machi nes are rarely used in mning opérati ons.

Roadheader rmach
appl i cations but
formati ons.
means of breakin
structures. Mech
I ncreasing the b
t hrough t he use
use of high-stre
bit. MechanPca

ore ek S anr aeEhdaIard" the (st SARRNLI6lfloyeq
and mosyeﬁgﬂgt:ﬁih.yi pRGickbeak ABANS" SFC ek éxcarvtican a

g oversize'ro concrete and reinforced concrete
arhesd nethods areaket seitabledor any unhaneweiramenks
| ow energy and bl ow . frequency of t

dregauge afcrggulatory rﬂﬁ'&%&ﬁ%‘@’%ys@n&r

sétting 25 begayseofod heaRRaeNGRIRl I -RIAS! dVbidiehe chid! \EivA1

tunneling, drill and blast methods are fundamentally

1imited in advance rates because of the cyclical nature of

" the large-scale drill & blast process.

10

15

20

25

Tunnel boring machines are used for excavations
requiring long, relatively straight tunnels with circular
cross-sections. These machines are rarely used in mining
operations..

Roadheader machines are used in mining and
construction applications but are limited to moderately
hard, non-abrasive rock formations. |

Mechanical impact breakers are currently used as a
means of breaking oversize rock, concrete and reinforced
concrete structures. Mechanical impact breaker technology
has advanced by increasing the blow energy and blow
frequency of the impact tool through the use of high~-enerqgy
hydraulic systems; and through the use of high-strength,
high-fracture-toughness steels for the tool bit. Mechanicai
impact breakers can be used in almost any workplace setting
because of the absence of air-blast and their relatively
low seismic signature. As a general excavation tool,
mechanical impact breakers are limited to relatively wéak

rock formations having a high degree of fracturing. 1In
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| ow sei smic signature. As a general excavation tool, mechani cal

| npact breakers are limted to relatively weak rock formations
havi ng a high degree of fracturing. In WO 97/ 06348

PCT/ US96/ 12801 _ - 3- har der rock
formati ons (unconfi ned conpressive strengths above 60 to 80 MPa),
t he excavati onwefofe6sus veness of mechani cal i npact br edNIESIN280L
qui ckly and tool bit wear i ncreases rapidly. Mechanical inpact
breakers cannot, by 5 t hensel ves, excavaite an underground face in

massi ve hard i;&gﬁ ONQM s @? - rge
bl asting techni ql?eas?:d{:e%ﬁkrb%&clrjs@ I n zfﬁ% Hfﬂé‘d}lfri)éxceg fcgrm%:.tefsg%gei nc ueh\l#r.;:gg
massive, hard roGlhdvd "Bbi &sS- 830 MPa) ,SMkhb- Chiedfatiionst effectiveriis of
nmet hods where small anounts 10 of blasting agents are consuned at any
one {ine, as oppassrhanical impactbreakers dropst guheklylrand toul Hiiswear

oper ati ons which involve drilling multiple hole patterns, |oading
hol es with increases rapidly. Mechanical impact breakers cannot, by

) 5 themselves, excavate an underground face in massive hard
rock formations economically.

Small-charge blasting techniques can be used in all
rock formations including massive, hard rock formations.
.Sma.ll-charge blasting includes methods where small amounts

10 of blasting agents are consumed at any one time, as opposed
to episodic conventional drill and blast operations which
involve drilling multiple hole patterns, loading holes with
explosive charges, blasting by millisecond timing the blast
of each individual hole and in which tens to thousands of

15 kilograms of blasting agent are used.

Small-charge blasting may produce flyrock which is
unacceptable to nearby machinery and structures and may
generate unacceptable air-blast and noise. In addition,
small-charge blasting techniques cannot economically be

20 used to excavate with the precision often required.

There is thus a need for a method and means to break
rock efficiently and with low-velocity fly~rock such that
drilling, mucking, haulagg and ground support eguipment can
‘remain at the working face during rock breaking operations.

25

SUMMARY OF THE INVENTION
These and other needs are addressed by the present

invention. In one embodiment, the present invention



expl osive charges, blasting by mllisecond timng the bl ast of each
I ndi vidual hole and in which tens to thousands of 15 kil ograns of

bl asti-ng agent are used. Smal | -charge bl asting may produce
flyrock which is - unacceptabl e to nearby machinery and structures
and may generate unacceptabl e air-blast and noise. In addition,

smal | - char ge bl weto7mes48 echni ques cannot economically be 20  PCRUSP6{12801
excavate with the precision often required. _,_ There is thus a
need for a nethod and nmeans to break A5ck efficiently and with

low-vel ocity Tly-roeyfadd 4Nfibthod for SéntrdlNed mﬁ%&tda%a@& athard

ground support equi pnent can remain at the working face during rock
br eaki ng operati onsate?ial that includes the stepsSUMVARY OF THE | NVENTI ON
These and ot her needs are addressed by the present i nventi on. In

one enbodi nent, the préaknireleasimg gas into the botHemoof (sasle located
PCT/ US96/ 12801 in a free surface of the hard méé:rialg
5 (b) sealing the gas in the bottom of the hole to
pressurize the hole bottom and cause a fracture to
propagate from the bottom of the hole, thereby forming a
fractured portion of the hard material a portion of which
is exposed in the free surface surrounding the hole; and
10 (c) impacting the fractured portion exposed at the
free surface with an impact breaker to remove the material
in the fractured portion from the free surface. The amount
of blasting agent used to form the gas is typically
relatively small. The fracture is an existing fracture
15 that intercepts the hole bottom, the pressurized region of
the hole, or a new fracture propagated from a bottom corner
of the hole.
| The method fsrqvides a number of advantages. The
combination of small-charge blaéting and an impact breaking
20 techniques significantly increases +the rock-breaking
efficiency of both techniques compared to their respective
efficiencies when uéed separgtelyf The joint use of small-
charge blasting and impact breaking technigques typically
permits a greater volume of rock to be removed over a
25 shorter time period than is otherwise possible with the
separate use of small-charge blasting and impact breaking
techniques especially in harder materials. The combination

of the two techniques further offers the advantages of



provides a nmethod for controlled fragmentation of a hard mat eri al

that includes the steps: (a) releasing gas into the bottom of
a hole | ocated in a free surface of the hard material; 5 .

(b) sealing the gas in the bottomof the hole to pressurize the
hol e bottom and cause a fracture to . propagate fromthe bottom of the
hol e, thereby fwoveassa fractured portion of the hard RET/ESI6AR304
portion of which - i s exposed in the frge surface surroundi ng the

hol e; and 10 - (¢) inpacting the fractured portion exposed at the

free surface wth Qu%?@rgigg{:%ﬁger(gﬂﬁyg tdife "RLET i a. low adi dl¥e

fractured portlon rom ree sur e anount l'ast 1 ng

agent used to forgighet@Pé drfa Qv &lbunt of fly FétRidutting mbta.n%)Thenth
fracture is an existing fracture 15 t hat |ntercepts the hol e bottom

the pressurized rthgeondvantages ofheinpaict, knreakimgw teckotiguesprspagat dthe
froma bottom corner of the hole. The net hod provides a

nunber of advant agbility T trim %lqmﬁ o@%nﬁ%’i@@ bfﬁ@%lrﬁj“hnd
o0 APt D gl BRI B LA U HELE%EE Senilce tne
respective mucking operation) .

The gas can be released into the bottom of the hole by
detonation of an explosive or combustion of a propellant.
Small-charge blasting technigues may involve shooting holes

10 individually or shooting several holes simultaneously. The
seismic signature of small-charge blasting methods is
relatively low because of the small amount of blasting
agent used at any one time. Underground small-charge
blasting techniques involve removal of typically on the

15 order of about 0.3 to about 10 bank cubic meters per shot
using from about 0.15 to about 0.5 kilograms of blasting
agent, depending on the method used. In surface
excavations, small-charge' and surface small-charge blasting
techniques, the size of the charge and amount of rock

20 broken per shot may be increased to about 1 to about 3
kilograms blasting agent to remove about 10 to about 100
bank cubic meters of rock per shot.

The impact breaker preferably impacts the fractured portion
of the free surface with a blow energy ranging from about

25 0.5 to about 500 kilojoules. The blow frequency of the
impa.ct breaker typically ranges from about 1 blow per

second to about 200 blows per second.



efficiencies when used separately. The joint use of small- char ge
bl asting and i npact breaking techni ques typically permts a greater
vol une of rock to be renoved over a 25 shorter tine period than is

ot herwi se possible with the separate use of small-charge blasting
and i npact breaking techni ques especially in harder materials. The
conbi nati on wo 97/068d8 t he two techniques further offers the M&S?m of
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-5- smal | - char ge blastlng(e , the e of a |ow seismc
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the face to enhance the mucki ng operation). The gas can

be rel eased into segubntiadipf employede oy a holedbychaleorbagisinor for
expl osi ve or conbustion of a propellant. Smal | - charge bl asting
téchni ques may i nwslEipdroboles abjane time.

5
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graph showing the production rates of
(1) a typical mechanical breaker, (2) a typical small-
. charge blasting process and (3) the combination of the two
10 methods as a function of unconfined compressive rock
strength. This graph illustrates how the performance of
- the combination of the two methods is greater than the sum
of the two individually.
Figure 2 is a cutaway side view of the general
15 élements of a small-charge blasting process showing a short
drill hole, a cartridge at the bottom of the hole
containing an amount of blasting agent and a means of
ignition, and a means of stemming (tamping, sealing) the
charge to concentrate the gas products towards the bottom
20 of the hole,
Figure 3 is a cutaway side view of a crater formed in
a rock face by a small-charge blasting process showing the
fragmented- rock being ejected from the crater and residual
fractures remaining below the cratered region.
25 Figure 4 is a cutaway side view of a rock face in
which two short holes have been drilled and shot by a
small-charge blasting process such that the rock

surrounding the holes has not been removed. This schematic



10 I ndi vidual ly or shooting several holes simultaneously. The

seism c signature of small-charge blasting nethods is relatively | ow
because of the snmall anmpunt of blasting agent used at any one tine.
Under gr ound snal | - char ge bl asti ng techni ques involve renoval of
typically on the 15 -order of about 0.3 to about 10 bank cubic neters
per shot wo'sioesusf r om about 0. 15 to about 0.5 kil ograns pEr/besacseng
agent, depending on the nmethod used. In surface

excavations, small-charge and surface smal | =@Rrar ge bI astl ng

techni ques, the size of the charqge and gnmount .of roc br oken

shot may be i ncr e5ERESENLR AN ‘Wsaﬁo e frac uf?l B’Qrﬁﬁ%db%%? q’fgivﬁbnt

to renove about 19 c or
The i npact breaker pre%ﬂrab]fé/tglprrggcfs ﬂ%a%g%%re?;%{r%g%ﬁg 5113 ?é{%

free .surface w thrasbheyi aiei1er’ 2Rac8arés Fesiiting 23on the Seh&l Blhdrge)0
kil ojoules. The blow frequency of the | npact breaker typically
ranges from about blagting peand illustrabesl thowboneigiidonings subhswriamel.
) 5 fracture networks can weaken the overall rock structure.
Figure 5 is a cutaway side view of a typical
mechanical impact breaker showing the breaker assembly and
the breaker tool bit. The breaker assembly is shown
. mounted on an articulating boom assembly attached to an
10 undercarrier.
Figure 6 is a cutaway side view of a rock face in
which a mechanical impact breaker tool bit has impacted the
"rock face causing fractures to be initiated in the
surrounding rock.
15 Figure 7 is a cutaway side view of an excavation
system showing the undercarrier, a boom on which a
mechaniéal impact breaker is mounted, and a boom on which
a small-charge blasting apparatus is mounted.
Figure 8 is (1) a cutaway side view of a small-charge
20 blasting apparatus mounted on an indexing mechanism which
is in turn mounted on the end of an articulating boom
assembly and (2) a head-on view of the indexing mechanism

showing a rock drill and a small-charge blasting apparatus.

25 DETATILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention is based on the combination
usage of a small~charge blasting process and a mechanical

30 impact breaker (also known as a hydraulic hammer or impact
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The i npacting step preferably directly follows the rel easi ng and
seal i ng steps. The techni ques can be sequentially enpl oyed on a
hol e- by-hol e basis or for : mul tiple holes at one tine. 5

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a graph show ng the
producti on r at ago 906348 " (1) a typical nechanical breaker ,PqIA)S96/12801
typical small - charge bl asting process and (3) the conbination of
the two 10 met hods as a function of .unco™®Tned conpressive rock

e b O S| 820U RS PEIAGE TR Srdlon. smo1 s Snat the
i ndi vi dual I'y. rock is bEbREHCovt | fh EnEil2WabuitdCudimy’ Sifa i emiRet=dlor

15 el enents of a small-charge blasting process show ng a short
drill hole, a cartedpigsives,,hasbeppbosedltdhepisddic conventionadi @ridlamnd
anmpunt of bl asting agent and a neans of ignition, and a neans of

stemmi ng (tanpi ngblask | agerations whichchimyelve driddingatmaltiplmshole
pr oduct s tOV\SIar ds tpha?l:t'.be?:'tnts?'mlaad:i.ng holes with explosive charges (e..g. , in
amounts ranging from about 20 to about 250 tons in surface
excavations), blasting by millisecond timing of the blast
of each individual hole, ventilating and mucking cycles. In
underground excavations, small-charge blasting techniques
10 preferably use an amount of blasting agent ranging from
about 0.15 to about 0.5, more preferably from about 0.15 to
about 0.3, and most preferably from about 0.15 tc about 0.2
kilograms to remove an amount of material ranging from
about 0.3 to about 10, more preferably from abou‘f: 1 to
15 about 10, and most jareferably from about 3 to about 10 bank
cubic meters. In surface excavations, small-charge blasting
techniques use an amount of blasting agent preferably
ranging from about 1 to about 3, more preferably from about
1 to about 2.5, and most preferably from about 1 to about
20 2 kilograms to remove an amount of material ranging from
about 10 to about 100, more preferably from about 15 to
about 100, and most preferab1y from about 20 to about 100
bank cubic meters. "Bank cubic meters" is the cubic meters
of in-place rock, not the cubic meters of loose rock

25 dislodged from the rock face.
Small~charge blasting usually involves shooting holes
individually but can include shooting several holes

simultaneously. The seismic signature of small-charge



20 of the hole. - Figure 3 is a cutaway side view of a crater

formed in a rock face by a small-charge blasting process show ng

t he fragnented rock being ejected fromthe crater and resi dual
fractures remai ning below the cratered region. 25 Figure 4 is a
cutaway side view of a rock face in whi ch two short hol es have been
drilled and shayobioessss smal | -charge blasting process pcrashs/28diat
the rock surroundi ng the hol es has not been renoved. This

schemati ¢ WO 97/ 06348 -9

PCT/ US96/ 12801

shows a | arge frag}a%h&? P?‘é%?‘a?egsdfe\}gﬁively 1Z?npgwger%eﬁgm%%§]
bottom of the hol ggeang afkﬁﬁung adent! Usdla aFBhhy o %&ae&ﬂées bEsPLEt

fromthe small -char ge asting and |l lustrates how nei ghboring

subsurface 5  bilastingcadq@iterifcltde eeplosives ok mtdpalaante.r uct ure.
Fi gure 54s a cutaway side view of a typical
It may be advantageous to drill and shoot multiple

. 5 holes simultaneously (within a total period less than about
1 second), although the total amount of blasting agent used
will be on the order of about 2 kilograms or less for
small-charge blasting However, most small charge blasting
methods envisioned herein would usually be accomplished by

10 drilling and shooting a short hole every several minutes.
The average time between sequential small~-charge blasting
shots ranges preferably from about 0.5 minutes to about 10
minutes, more preferably from about 1 minute to about 6
ninutes and most preferably from about 1 minute to about 3

15 minutes. | |
The small charge blasting technique can be modified to
optimize the efficiency of the impact breaker by employing
deeper dArill holes than are normally employed for small
charge blasting techniques. The deeper drill hole depth
20 substantially minimizes flyrock energy by causing more of
the fractured rock to remain in place in the face. In rock,
the hole depth when small charge blasting techniques are
combined with impact breaking techniques preferably ranges
from about 3 to about 15 hole diameters. In one embodiment,
25 a substantial amount of the fractured rock remains in place
at the face. Typically, the charge imparts only enough
energy to the rock to fractufe the rock but not to cause

the rock to be dislodged from the face. Preferably, at



mechani cal inpact breaker show ng t-he'b.r eaker assenbl y and t he

breaker tool bit. The breaker assenbly is shown nmounted on an
arti.cul ati ng boom assenbly attached to an 10 undercarrier.

Figure 6 is a cutaway side view of a rock face in .whi ch a nechani cal
| npact breaker tool bit has inpacted the rock face causing fractures
to be initiateqyd s dedss surroundi ng rock. 15 Firgarusg128et a
cut away side view of an excavati on system showi ng the undercarrier,
a boom on which a mechani cal inpact DA®%ker is nounted, and a boom

on which a,small - chak | asting e

Figure 8 is (1) al@ms&aa}ogtg%%,e%og ﬁ%gn%%?i%ﬁarhge%%%% ngrﬂés'? Fﬁ and
appar at us nount ed yatahrePdesblg B CIEHEE WOHICBOS remains Sin Hldde atOtheed
on the end of an articulati ng boom assenbly and (2) a head-on view
of the indexi ng meaeeni sm showing a rock drill and a small-charge
bl asti ng appar at us. 25 DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT The mechanithd jmpachtbreakser i eperateas hvd dedivering

ﬁggﬁ ;2?}; Ia_|0n 5 a usseii%.gsogfamgcnl?al.rlx{c%qagggwgl {3_‘3 til.t{]eg Iporc?‘c.es%hg néjon@l:act area

.- of the breaker with the fractured rock preferably ranges

from about 500 to about 20,000 square millimeters. Blow

energies are in the range of several kilojoules and

frequency of hammer blows is in the range of about 1 to

10 about 100 blows per second. The mechanical impaét breaker

.can also be used to wedge, pry and rip out rock which is

fractured or partially dislodged. The mechanical ‘impact

breaker energy per blow shot ranges preferably from about

0.5 kilojoules to about 20 kilojoules, more preferably from

15 about 1 kilojoule to about 15 kilojoules and most

preferably from about 1 kilojoules to about 10 kilojoules.

The mechanical impact breaker blow frequency ranges

preferably from about 1 blow per second to about 100 blows

per second, more preferably from about 5 blows per second

20 to about 100 blows per second and most preferably from
about '25 blows per second to about 100 blows per second.

The present invention involves breaking rock or other

hard material such as concrete, by using a small-charge

blasting method interactively with a .mechanical impact

25 breaker to achieve very e_fficient rock breakage; tight

" control of any flyrock associated with the small-charge

blasting process; a low seismic signature; and precision

control of the periphery of the excavation contour. The



30 | npact breaker (also known as a hydraulic hanmmer or i npact

WD 97/ 06348 PCT/ US96/ 12801

- 8- ripper). A small charge blasting nethod inplies that the

rock is broken out in small anmounts using small amounts of

expl osi ves, as opposed to episodic conventional drill and bl ast

oper ati ons whi ¢yodmésdsve drilling nultiple hole 5 pat t er NBCT/USE60280)

hol es with expl osive charges (e.g., in anounts rangi ng from about 20
to about 250 tons in surface excavatﬁ'o‘ns) bl asting by mlli second

Limng of the bl dphyroc il i8Uhde) Yilkile lcberk8il o QM I NS

cycles. In er groun excavations i Ng technlques

10 preferabl y aSSunasuojbiiledf peraklilBerads thordgldfertd¥9 from akutut
0.15 to about 0.5, nore preferably from agrut (;\0 nﬁt wabout 0.3, and

nost .preferably foote about 0005 dulesb et laiIogram m&mbsgrpmfémhmmmn
anount of material ranging from about 0.3 t-o about 10, nore
preferably from a®odo 1abent 150 Jjomdes: per kidogsam. pr éﬂ&aDBykf reshsmieut

3 to-about 10 banll,< rticle velocity as measured at 10 meters from the shot

point or impact point ranges preferably from about 0 to
about 30 millimeters per second, more preferably from about
0 to about 15 millimeters per second and most preferably
" from about 0 to about 2 millimeters per second. Overbreak
10 as measured from the intended excavation contour ranges
preferably from about 0 to about 150 millimeters, more
preferably from about 0 to about 100 millimeters and most
preferably from about 0 to about 50 millimeters.
In both fractured and massive hard rock, the
15 combination use of small-charge blasting and mechanical
breakers can provide optimum performance. By way of
example, a shot sometimes fails to completely break out the
rock and a hydraulic breaker can effectively and quickly
complete the rock breakage and removal. It is anticipated
20 that in many applications an operator may tend to
undershoot holes to minimize fly rock. Thus, the function
of the breaker is to complete the breaking of the rock; to
condition the broken rock into the desired fragmentation
size; to trim the contour of the excavation to the
25 specified dimension; and to remove small humps and toes.
In relatively weak fractured rock fc-armations, the
mechanical impact breaker can operate alone with reasonable

efficiency (energy required to remove a unit wvolume of



cubic nmeters. In surface excavations, small-charge blasting

techni ques use an anount of bl asting agent preferably rangi ng from
about 1 to about 3, nore preferably from about 1 to about 2.5, and
nost preferably fromabout 1 to about 20 2 kilograns to renove an
anount of material ranging from about 10 to about 100, nore
preferably fronmyvayowsssS to about 100, and nost pref er CIAYSI61280L
about 20 to about 100 bank cubic neters. "Bank cubic neters" is the

f in-place rock, not tH& cubic neters of |oose rock

cubic neters 0 :
25 di sl odged f rgﬁg@ﬁ)heaﬁd’cﬁi{ﬁcﬁcceptable 1iretfp®! Fofhhee hleaker"Gtool

usual Iy invol ves shoot’i ng hol es _ I ndi vidual ly but can include

shooting several heitts The effidiEndyadEothkymechinicel sihfast Middker Wan

smal | - char ge WO 97/ 06348

PCT/ US96/ 12801 be improved by using one or severad-shots of &lsmallrcharge

nmethods is relatively | ow because of the snall anount of bl asting

agent used at any biasting: precess &@ fracture and weaken the rock. If
5 desired, the central portion of the excavation can be

completely removed by the small-charge blasting, creating
additional free surfaces for the mechanical impact breaker.
The drill hole reguired by the small-charge blasting
process can be drilled deep enough to ensure that the rock
10 is either fractured around the bottom of the drill hole
without being dislodged, or the rock is dislodged with very
low energy flyvrock. In relatively weak fractured rock
formations, the mechanical impact breaker will generally be
used to excavate the bulk of the rock. For example, the
5 - small-charge blasting may remove on the order of about 20%
of the rock while the mechanical impact breaker will remove:
the remaining 80%.
In moderately strong rock with some fracturing, both
the excavation efficiency and tool bit 1life of the
20 mechanical impact breaker decreases as a result of
increased rock hardness, reduced fracturing and, often,
loss of h’etrogeneii:y of the rock formation. In this
situation, the number of small-charge blasting drill holes |
is increased to weaken and/or remove a greater fraction of
25 the excavation. The mechanical impact breaker is used to
remove any remaining loosely bound rock in the central
portion of the exdavation, and is used to complete the

excavation to the desired periphery or trim line of the



bl asti ng agents include expl osives and propellantsf It may be

advant ageous to drill and shoot nultiple 5 hol es simul t aneously
(within a total period | ess than about 1 second), although the tota
anount of bl asting agent used will be on the order of about 2
kil ograns or |ess for smal | - charge bl asti ng However, nost snal

charge bl asti ngroo7mesas Net hods envi si oned herein woul d usual | BCT/ES96/12801
acconpl i shed by 10 drilling and shooting_a short hole every several
m nut es. The average tine between sé%&@htial smal | - charge bl asting

shots ranges f bl y, .f 0 '
Pret & é v%;&f{nofln %%%E%.é Pgeggggéfghafe@%ig& by the 'Bddilies,

nore preferably 5 A m nut es and npst

preferably from aljouitye BhREtEnd OppbedksS catb be Miriutea 4 ugh Tee
smal | charge bl asti nggtegﬁmgqueécgn be ﬁnd‘?fi edeto oToetg m'elzlg tghe

ef ficiency of theephstas thatetker rbyk cipl eiting fracturddeproundthe thgthion
than are normally enployed for snall charge bl asting techni ques., The
deeper drill hol coficthe) il holeumithoutabejng fislodged, 9% dhe KAy 15

T rock, 8 ° i keiRast Bt WRERTSIEM SRR ELERRRy T doh i A
coTbined WD | PGl S By Wl SEACRRE R e RS charge bidsing
and the mechanical impact breaker will remove approximately

equal amounts of the excavation.
In relatively hard to very hard, massive rock
10 formations, the mechanical impact breaker cannot, by
itself, fragment or remove any significant amounts of rock
and tool bit life is substantially reduced or vanishes. 1In
this case, small-charge blasting or some other means must
be used to fragment the rock. Small-charge blasting is
15 _capable of excavating in hard, massive rock formations on-
its own, but its excavating efficiency is also
substantially reduced. Relatively short holes must be
drilled in the harder rock. If the hole is too deep, little
or no rock may dislodged. If the hole is too short, the
20 energy of the flyrock may be very high, resulting in damage
to nearby equipment. However, if the drill holes for the
small-charge blasting are drilled deepef rather than
shallower, the occurrence of high-energy flyrock is nearly
eliminated. Aftér several small-charge shoﬁs, it has been
25 found that a mechanical impact breaker can then dislodge
large portions of rock. This is Eecause the small-charge
blasting shots have created a network of subsurface

fractures in the regions around the bottom of the drill
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a substantial anmount of the fractured rock remains in place
at the face.
the rock to fracture the rock but not to cause the rock to be
di sl odged fromthe face. Preferably, at WD 97/ 06348

Typically, the charge inparts only enough energy to

-10- | east about 50%

nore preferabl wabrbdgdgst about 75% and nost pr ef er abl YPCIUSPEREN
about 80% renains in place at the faggl The nechani cal

| npact breaker operates by delivering 5

the rock. The Contrﬂﬁtesargﬁtrionqua\[)e AeakBRel QHE" rackh Lheriehehtned ropcka

preferably ranges

Bl ow

bl ows per second. acteptablbatocklbitmite. birderd, massivearock forpations,t o

wedge,

about 500 to about 20,000 square mllineters.

ener gixchandcal t ifipaébgcbpéalsevertal kidggioul effiediency with
frequency of hammer blows is in the range of about 1 to 10 about 100

pry and rip out rock which is

10

15

20

25

many more small-charge blasting shots must be taken. The

amount of impact hammering depends on how much rock is

actually removed by the small-charge blasting. In addition

to shooting the central portion of the excavation, small-
charge shots must be made nearer the periphery of the
excavation. The mechanical impact breaker, because of its
superior control, is still used to provide the finished
trim to the desired contour.

The key aspect of the combination use of small-charge
blasting and the mechanical impact breaker is that the
efficiency of using both is far greater than the efficiency
of using either process by itself. The breaker, in effect
enhances the ave:rage yields of the small-charge blasting
process. The small~charge blasting enhances the efficiency
and tool life of the mechanical impact breaker and extends
its range of utility to the harder, less fractured rock
formations.

For exampie, in rock having an Unconfined Compressive
Strength (UCS) of about 60 to about 100 MPa, the mechanical
breaker alone might be expected to'require about 4 hours to
remove about 30 cubic meters (at approximately 100 kW
delivered to the rock face). A small-charge blasting
process alone might require about 2 hours and about 20
shots to excavate about 30 cubic meters (at _approximately

0.3 kilogram (1 megajoule) blasting agent per shot). When

Series of mechanical blows to

»



fractured or partially dislodged. T'he mechani cal i npact br eaker

energy per blow shot ranges preferably from about 0.5 kilojoules to
about 20 kil ojoules, nore preferably from 15 about 1 Kkilojoule to
about 15 kilojoules and nost preferably from about 1 kil ojoul es
to about 10 kil oj oul es. The mechani cal inpact breaker bl ow frequency
ranges woshessel y from about 1 bl ow per second to abolRCHYEH

per second, nore preferably fromabout 5 blq per second 20 t o about
100 bl ows per second and nost preferably from about 25 bl ows per

second to about lﬁ’geé’lé’gget%ﬁ]re,f%%”‘lxcavat on of 30N&uPiéShitlerd I be

I nvol ves breaking Tock O hara mat erial such as concrete, by
using a small-chaggfpleted wPtRShi bg FEidied l-tharge! ibiastingt shatsecitrichcal

i mpact 25 breaker to achieve very efficient rock breakage; tight
control of any flyigik &akeciaatipdhomt hantle asnhl hoytiaofe mechanicplasimpart
process; a |low seismc signature; and precision control of the

peri phery of the bxreakidon contour. The

] 5 At 75% utilization, the mechanical impact breaker
alone would consume 18 MJ of energy and take 4 hours to
complete the excavation. The small-charge Blasting alone
would consume 20 MJ and take 3 hours to complete the
excavation (the breaker would have to be used to provide
10 the final contour). The combination usage would consume
about 7.5 MJ and complete the excavation in about 1% hours.
As a further example, in rock having an Unconfined
Compressive Strength (UCS) of about 250 to about 300 MPa,
the mechanical breaker alone would be unable to break
15 virtually any rock. A small-charge blasting process alone
might require 5 hours and 60 shots to excavate 30 cubic
meters. When used@ together, the excavation of 30 cubic
meters could be completed with about 15 to about 25 small-
charge blasting shots which might take a 2 hours and an
20 additional 2 hours of mechanical impact breaking to
dislodge rock not removed by the small-charge blasting,
scale any loose ¥o¢ -and trim the contour of the

excavation.
The small-charge blasting alone would consume about 60
25 MJ and take about 6 hours to complete the_ excavation (the
breaker would have to be used to provide the final
contour). The combination usage would consume from about

25 to about 35 MJ and complete the excavation in 4 hours.
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flyrock kinetic energy ranges preferably fromabout O to

about 45Q joules per kilogram nore preferably from about 0 'to about

100 joul es per kil ogramand nost preferably from 0 to about 50

joul es per kil ogram The peak seismc 5 particle velocity as neasured
at 10 neters fr o dtesahot poi nt or inpact point rangespPoTASsR2801Y

fromabout O to

fr om about

measured fromthe inten

O to about. 15 mllineters

atl1 on contour ranges preferab

about 30 mllineters per second, nore preferably
~ second and nost preferably

from about 0 to about zléﬂgjlé;(c %@{éoyerofse%a% bp£8Kuctton :%%er

or
rom

about 0 to about lgéchanidd¥e! ¢hpactDKreaker albRéf’ Fiall-chargoubldsting
I 1'i meters and nost preferably fromabout 0 to about 50

alone; amd bthé Eombinaeibmmisags sofethar twoodls shHoam lin
use of small-charge blasting and nechani cal breakers can
mum peFigurarioe. By way of - exanpl e, a shot sonetines
fails to congl etely break out the rock and a hédr aul ic breaker can

about 100 m
mllinmeters.
conbi nati on
provi de opti

effectively

Is anticipated 20

to

nd qui ckl yfhe PreggRp| oidnventicn: th

anTSPERSERFS |12

10

15

20

25

signif?éanti NedBiNsidd pl‘_kc %A&i&ia@& ﬁ&%@é ObredRér taeﬂHj
small-charge blasting methods by combining the two methods
in a way that substantially enhances the performance of
each over the sum of their performances acting alone. The
combinat'ion ‘usage also compensates for significant
limitations of each method acting alone.

By combining +the two methods, productivity (as

measured by cubic meters of rock fragmented per hour) is

. increased over the use of either method individually

preferably by a factor of about 2 to about -10, more
preferably by a factor of about 3 to about 10 and most
preferably by a factor of about 4 to about 10.

By combining the two methods, the performance of the
mechanical impact breaker is substantially improved in weak
rock and extended into medium and hard rock formations
where, acting alone, the mechanical impact breaker is
incapable of. econonic excavation rates. By combining the
two methods, tool bit wear of the mechanical impact breaker
is significantly reduced and additional free surfacees are
developed becaﬁse the rock is weakened by the preceding
small-charge blasting. .

By cbmbininq the two methods, the average yield of the
small-charge blasting shots is significantly énhanced, by



undershoot holes to mnimze fly rock. Thus, the function of the
breaker is to conplete the breaking of the rock; to condition the
broken rock into the desired fragnmentation size; to trimthe contour
of the excavation to the 25 speci fied di nension; and to renove snall
hunps and t oes. In relatively weak fractured rock formations,
t he mec pRyewuss4si Npact breaker can operate al one with r BEEURIZEL
efficiency (energy required to renove a unit__vol unme of WO

97/ 06348 =¥CT/ Us96/ 12801

2 e ot} 6558 e SRR, PR ebhgh: e BhabL N it hronrer

bit. The efficien I rrpac can e |1 nproved

by using one or Sgif! #is30ahS FrabrhEBhl AHK Ofmich bloBkasitieg erestive o
fracture and weaken the roc desired, the central portion of

the excavation capif€ement of cmmﬁe@mlny: smadlechayge hshebsd | -Bya¢ombining

bl asti.ng, creating additional free surfaces for the nmechanica
i npact breaker. the twoimetliofs, the snaddrichargpyskek hakas capab gemb{
) 5 deeper, thereby reducing or eliminating the energy of the

flyrock from the small-charge shot.



process can be drilled deep enough to ensure that the rock 10 I's either

fractured around the bottomof the drill hole w t hout being
di sl odged, or the rock is dislodged with very | ow energy flyrock.
In relatively weak fractured rock formations, the mechanical inpact
breaker will generally be used to excavate the bul k of the rock. For
exanpl e, the 1oor0ssd! | - charge bl asting may renove on the orBer/usdenagaut
20% of the rock while the nechanical act breaker will renove
the remai ni ng 80% In nnderately' Tong rock with sone
fracturing, both 1 fi C 1qol bit life of the
20 mechani cal act (=1 m— EaS ' ]
i ncreased rock hardneSSIanHHff-dcﬁdﬂét w:ua&&m&d aOEheﬂt hole is/ @finda in
hetrogeneity of the rock formation. In this situation, the nunber
of small-charge bl #néingek; id lsmadlleamount of|h1asmdngaageht(ismpaheadaﬂu/the
renove a greater fraction of 25 t he excavation. The nechanical i npact
breaker is used tohole, thenmchargay #%nﬁltmgdl dseltpnpedndy o8k swuitable
central portion of the excavation, nd used to con&!ete the
excavation t8 the material #Ach RS §apd, (Y OF PFea steel bar, and the
charge is initiated. The gas evolved by the charge can
initiate and propagate new fractures or propagate existing
fractures, thereby excavating a small volume of rock around
the drill hole. The principal elements of a small-charge

10 blasting process are shown in Figure 2.

The drill hole may be drilled in such a way as to
guarantee that fractures will be driven to completion and
the broken rock will be accelerated away from the rock face
with considerable energy such as illustrated in Figure 3.

15 In this case, the remaining rock will contain some residual
fracturing around the excavated crater and the crater will
constitute additional free surfaces. Both of these features
will act to enhance the performance of a mechanical
breaker.

20 Alternately, the hole can be drilled deeper in such a
way as to prevent fractures from being propagated to the
surface or, if the fractures do reach the surface, there is
little gas energy remaining to accelerate the fragments of
broken rock. This situation is shown in Figure 4. In this

25 case the rock around the drill hole will have sustained a
network of fractures which will considerably weaken the
rock and act to enhance the performance of a mechanical

breaker. Additionally, fractures that have propagated to
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- 13- excavation. Again, the drill hole required by the small -

charge bl asting process can be drilled deep enough to ensure that
the rock is either fractured around the bottom of the drill hole

wi t hout being dislodged, or the rock is 5 di sl odged wth very | ow
energy flyrock.wootpssg®derately strong rock with sone RCTAISIE/I280L
the smal | -charge bl asting and the nechanical inpact breaker wll
renove approxi mately equal amounts of"¥%7e excavati on. “In

S Ea] "o B Y 8, orale b O Mt St

mechani cal i npact nent or reénove

any significant a Plas’ QSEag[:ions whetdd theOkobk ledrl b pEied)hSiedgedidry
n

reduced or vani shes. his case, snmall-charge blasting or sone

ot her, nmeans nust ripped ltdsésed to fragnent the rock. Smal | - char ge

blasting is 15 capabl e of excavating in hard, nmassive rock formations

on its own, Urthe basicecpramisen®f csmallzohargs sblagking is the

substantiall )EC ' edugggbvaf ecl’g téﬁ/aellly \?oq%esh%fe%:'o Stpel%'e shot by a series' of
sequential shots as opposed to episodic conventional drill
and blast operations which involve drilling multiple hole
patterns, loading holes with explosive charges, blasting by
timing the blast of each individual hole, ventilating and

10 mucking cycles. The amount of rock removed per shot in

small-charge blasting is in the range of about % to about
3 cubic meters and the time interval between shots is
typically 2 minutes or more.

There are several means of accomplishing small charge

15 blasting. These include but are not limited fo:

1. Drilling and shooting a short hole and using a
conventional drill and blast techniques. The
bottom portion of the hole can be loaded with an
explosive charge and tamped by sand and/or rock.

20 This is based on existing and well-known basic
drill & blast practice.

2. Drilling and shooting a short hole employing
cushion blasting techniques. Here the bottom
portion of the hole can be loaded with an

25 explosive charge which is decoupled from the rock
| and taﬁped by sand and/or rock. This is also
based on existing and well-known basic drill &

blast practice.



drilled in the harder rock. If the hole is too deep, little or no
rock may di sl odged.  If the hole is too short, the 20 energy of the
flyrock may be very high, resulting in danage t o nearby equi pnent.
However, if the drill holes for the smal | -charge bl asting are
drilled deeper rather than shal | ower, the occurrence of high-energy
flyrock is nearwy 9706348 elimnated. After several smal | - charREE/USREL2801 | {
has been 25 found that a nmechanical inpagt. breaker can then dislodge

| arge portions of rock. This is because the al | - char ge bl asti ng

shots have created a ngf V\D”es%gsubéaéiﬁ?f‘ector to pkeashries the BttcagioEns
around the bottomof the drill WO 97/ 06348

PCT/ US96/ 12801 : a short drill hole such as embddiless imdth®&ue
weakened the rock sufficiently for a mechani cal. inpact breaker to

regain efficiency with  Patenkcdpt 3598 063 ,bi 24 | March| 1982, d entdddiede
rock formations, many nore snall-charge-blasting shots nust be
t-aken. The "controlled Fracture Method and Apparatus for
5 Breaking Hard Compact Rock and Concrete
Materials".

4. Using a propellant based Charge-in-the-Hole
method to pressurize the bottom of a short drill
hole such as embodied in U.S. Patent No.

10 5,308,149, 3 May 1994, entitled "Non-Explosive
" Drill Hole Pressurization Method and Apparatus
for Controlled Fragmentation of Hard Compact Rock

and Concrete" _

5. Usiné an explosive-based method to pressurize the

15 bottom of a short drill hole such as embodied in
Provisional U.S. Patent Application entitled "A
Method and Apparatus for Controlled Small-Charge
Blasting of Hard Rock and Concrete by Explosive
Pressurization of the Bottom of a Drill Hole"
20 The preferred method of small-charge blasting will be
dependent on the type of rock formation and the best
resultant fracturing patterns for achieving optimum
performance by the mechanical breaker.
Breakage Mechanism of the Mechanical Impact Breaker
25 The mechanical impact breaker delivers a series of
high energy blows to the rock face. A typical.mechanical
iﬁpact breaker is shown in Figure 5. The energy of

individual blows may be in the raﬁge of a few hundred



5 anount of inpact hamreri ng depends on how much rock is

actually renoved by the small-charge blasting. In addition to
shooting the central portion of the excavation, snall- charge shots
must be made nearer the periphery of the excavation. The nechani cal
I mpact breaker, because of its 10 superior control, is still used to
provi de the fi rvelozo634s trimto the desired contour. PCT/US96/128p
key aspect of the conbination use of small -C_I} rge bl asting and the
mechani cal inpact breaker is that the fficiency of using both is
far greater than 4umiQld ko @RA% ofSkilofbuiés Ny fid @W%ﬁbﬁlmehﬁy
The breaker, in effect enhances™ t he average yields of the -

smal | -char ge bl astbenFrom a fewbIows perl second tochver a HMarira®) bIdwesnpes
the efficiency and tool life of the mechanical inpact breaker and
ext ends | t=econdge @acly klowy widl propaggte, al| sbockr apikeedntockhe20
formati ons. Far example,_in rock havin n Unconfi ned

Conpr essi ve rock hifgh ‘(’{ES) reflegh, frem & Y freepaurfage and

mechani cal r eak al m qht ected ui a hour s
to rsenovepalbcg%t %‘&ecugl&gkrre ers?g?'ast églpp%gxi%r%?{eﬁ ﬁ%’% Kk %éions
delivered to the rrf&!&és&%?) for Ferditure hfhpeidtfs. NJEach blow’RaFSalso

al one m ght require about "2 hours and about 20
extend existing fractures. A strong shock spike consists of

a strong shock followed immediately by a sharp rarefaction

" wave such that the rise and fall of pressure occurs during

10 a time that is short compared to the time required for a
seismic wave to cross the volume of rock affected by the

spike. These mechanisms are illustrated in Figure 6. The

series of blows may also set up vibrating stress patterns

in the rock that can enhance breakage. The breaker tool

15 bit may also be used to pry or wedge apart rock by fo:cing

‘itself into partly opened fractures.

Blast and a ch mpact Breaker

One or more small charge shots may be fired into a
20 rock face to create either (1) a network of subsurface
fractures; (2) additional free surfaces; or (3) a
combination of both. By developing fracture networks and
additional free surfaces, the small éharqe blasting creates
the conditions necessary for a mechanical impact breaker to .
25 become effective.
In many casés, the use of small-charge blasting alone
results in several holes in which breakage is incomplete

vet the rock around the hole bottom may be fractured.



shots to excavate about 30 cubic neters (at approximately 0.3

kil ogram (1 negajoul e) blasting agent per shot). Wen WO

97/ 06348 PCT/ US96/ 12801

- 15- used together, the excavation of 30 cubic neters could be
conpleted with 2 or 3 small-charge blasting shots which m ght take a
[err] hour and wob7bes of nechanical inpact br eaki ng. PCX/AUS96/12801 At

75% utilization, the nmechanical inpact break al one woul d consune

18 M) of energy angd.f eﬁré@%listg%al%ave %”Béeéfaé&? £05C A¥dubRNapdPE to

smal | -charge bl asting afo consune 20 MJ and take 3 hours to
conpl ete the avEid A\GEith@t ichse Whér&ertheo Upredsmre t dldveloped tin the
provi de- 10 the final contour). The conbination usage woul d consune
about 7.5 MJ and csubsequenthe hodsnvdiothom ncabnet 1vent] poematurely into
As a further exanple, in rock having an Unconfi ned Conpressive
Strength (UCS) of Bpeviousty tormed subsuxface fractures, thereby reducing

5 the yield of the shot. This situation can be reduced or
eliminated by drilling shorter holes to ensure that the
fractures reach the surface and the ro?k is entirely
dislodged. However, this 1leads to situations where
substantial amounts of gas energy may accelerate the

10 fragmented rock to produce flyrock of sufficient energy to
damage nearby equipment.

If the small-charge holes are drilled deep enough to
fracture the rock around the hole bottom without dislodging
the rock (equivalent to undershooting the hole), then a

15 mechanical impact breaker can be used to dislodge the rock
without danger of high energy flyrock. In this way, the
rock face can be cleaned of loose rock and subsequent
small-charge blasting shots can be placed into competent
rock thereby reducing the possibility of prematurely

20 -venting the pressure developed in the hole bottonm.

Thus the use of small-charge blasting extends the
range of rock strengths in which the breaker can
effectively operate. The breaker can help eliminate the
loose rock that reduces the efficiency of small-charge

25 blasting and help prevent the occurrence of high energy

flyrock.



t he mechani cal br
rock. A snall-ch
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excavation of 30
about 25 snall -

eaker al one would be unable to break 15 virtually any
arge bl asting process al one m ght require 5 hours
xcavate 30 cubic ' nmet ers. Wien used together, the
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charge bl asting shots which mght take a 2 hours and

an 20 addi WO7@b3482 hours of nechani cal Lmpact br eaki ng PCT/US96/12801
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te t h@hexdmsiic wonjpidnents of thécaloabinatisch havenhAibsl
he final contour). The conbi nati on usage woul d

dmpact breaker fsmiidinches ge blagtingpseseean larezxcavation in

V[)9Z£O§b°°m assembly and ypdercarrier The
avati gn proguGhd Ghdida8S ihipact breaker

= the rock drill

n the small-charge blasting mechanism

L the indexing mechanism

The basic components of the system are shown
schematically in Figure 7. The following paragraphs
describe the envisioned characteristics of the various
components.

The Boom Assembly and Undercarrier

The carrier may be any standard mining or c&nstruction
carrier or any specially designed carrier for mounting the
boom assembly or boom assemblies. Special carriers for
shaft sinking, stope mining, narrow vein mining and
military operations may be built. .

Typically two boom assemblies are required. One is
used to mount the mechanical impact breaker and the second
is used to mount the small-charge blasting apparatus. The
boom assemblies may be comprised of any standard mining or
construction articulated boom or any modified or customized
boom. The function of the boom assembly is to orient and
locate the breaker  -or the small-charge apparatus to the
desired 1location. In the case of the small-charge
apparatus, the boom assembly may be used to mount an
indexer assembly. The indexer holds both the rock drill

and the.small-charge mechanism and rotates about an axis



mechani cal i npact breaker alone; small-charge bl asting al one; and

t he conbi nation usage of the two is shown in Figure 1. 5

The present invention therefore represents a signi ficant

ext ensi on of nechani cal inpact breaker and smal | - charge bl asting
met hods by conbi ning the two net hods in a way that substantially
enhances t he pwwo swossssce of each over the sum of their POBUSIZEMCes
acting alone. The 10 conbi nati on usage gl so conpensates for

si gnificant linitations of each net hG@*acti ng al one.

By
conbi ning the two S, d | Vi (Fex rrgaﬁir . D L rs
of rock fragnent eglig'éggﬁofr | SHSJI:ﬂl Ll:Héi ncreasgﬁi(l)%/er t eaaese)éom%ligi tsﬁg?&é
met hod i ndi vi dual mgchahism. Prafturikhe byck didloareflisbeushert hoAkolh tRe

nor e preferably by a factor of about 3 to about 10 and nost
preferably by a fxockrfatealkthe ihdexermbisirciated to align they smedbichange he
two nmet hods, the performance of the mechani cal i npact breaker is

substantial |y i npmegbanismyEar regdy insextinm drtendde idnidlndnlen anthe
har 00k 19 o Qs neabhELS, sERVRDS, BAS Sen ot SELBRLSED HFBRS ror.

the rock drill and the small-charge mechanism. The mass of
the boom and indexer also serves to provide recoil mass and

stability for the drili and small-charge mechanism.’

The Mechanical Impact Breaker

10 The mechanical impact breaker is also known as a
hydraulic hammer, high-energy hydraulic hammer or impact
ripper. Initially, these mechanical impact breakers were
pneumatically powered and used primarily for breaking down
boulders and for concrete demolition work. Subsequently,
15 hydraulic power was introduced and both blow energy and
blow fregquency were increased. As the power of mechanical
impact breakers was increased, they were introduced into
underground construction and minirig operations, often being
used in conjunction with a backhoe to excavate in soft,
20 fractured. rock. A form of mechanical impact breaker called
the impact ripper has been developed in South Africa for
stoping operations in narrow-reef mines. The mechanical
impact breaker is typically mounted on its own boom
assembly which is capable of orienting the breaker jl:o the
25 desired location and isolating the undercarrier form the
vibrations generated during operation. Mechanical impact

breakers may also incorporate feed back control to moderate



two nmet hods, tool bit wear of the nechanical inpact breaker S

significantly reduced and additional free surfaces are 25 devel oped
because the rock is weakened by the preceding - smal | - charge bl asti ng.
By conbining the two nmethods, the average yield of the smal | - char ge
bl asting shots is significantly enhanced, by WD 97/ 06348

PCT/ US96/ 12801 wo 97/06348 : -17- f ac PETAISHE/12801; o
10 because the nechani cal inpact breaker 5 Can di sl odge fractured rock
mﬂich bl ocks the effective placenent of° subsequent snal | -charge
shots. By conbi ni ﬁ?aﬁ% S e n
be drilled 5 gggpe owtﬁgge redUC|ng or eﬁ?ﬂ?ﬁg |ng@?%g gﬁg¥§§bo?°?ﬁe

flyrock fromthe esnditibasge shot.
The Rock Drill
The drill consists of the drill motor, drill steel and
5 drill bit, and the drill motor may be pneumatically or
hydraulically powered.

The preferred drill type is a percussive drill because
a percussive drill creates micro-fractures at the bottom of

" the drill hole which act as initiation points for bottom

10 hole fracturing. Rotary, diamond or other mechanical

. drills may be used also.

Standard drill steels can be used and these can be
shortened to meet the short hole requirements of the small-
charge blasting process.

15 Standard mining or construction drill bits can be used
to drill the holes. Percussive drill bits that enhance
micro-fracturing may be developed. Drill hole sizes may
range from 1-inch to 20-inches in diameter and depths are
typically 3 to 15 hole diameters deep.

26 Drill bits to form a stepped hole for easier insertion
of the small-charge mechanism may consist of a pilot bit
with a slightly larger diameter reamer bit, which is a
standard bit configuration offered by manufacturers of rock
drill bits. Drill bits to form a tapered transition hole

25 for easier insertion of the small-charge mechanism may
consist of a pilot bit with a s;ightly larger diameter

reamer bit. The reamer and pilot may be specially designed
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- 18- Br eakage Mechani sm of Smal | - Charge Bl asting "~ In
smal | -charge blasting, a short hole is drilled.in the rock, a small
anount of blasting agent is.placed in the hol e, the charge is
stenmmed or tanped by a suitable 5 material such as sand, nud, rock or
by a steel bar ywabHossdse charge is initiated. The gas eWweTMS86/i280L he
charge can initiate and propagate new fractures or propagate

exi sting fractures, thereby excavati rT&sﬁ smal | vol une of rock around

the drill hole. The princi.pal .gle | 4.5 e rddmsi |
process are shownqﬁ°n Pgﬁ?g%.tapw-%gkﬁﬁgﬁdéﬁﬂ]%%l %a%rg‘)a/rbzé dril Ihggei n
such a way as t0 go the $WRidetegiisetnédigctures will be driven to

conpl etion and the broken rock will be accelerated away fromthe
rock face wi th consi dghabismadlechsargecBlasting Mechardsm n Fi gure 3.
15 In this case, the remaining rock will contain sone residual
fracturing around the Sheavamadlcchargeanmechanignt cpay | consist of . the
constitute additional free surfaces. Both of these features will act
to enhance the perfAaHIg SAPASKEERES] cal br eaker .

1. cartridge magazine
2. cartridge loading mechanism
3. cartridge
4. cartridge ignition system
10 5. means of stemming (tamping) or sealing
Cartridge Magazine - ©Propellant or explosive
cartridges are stored in a magazine in the manner of an
ammunition magazine for an autoloaded gun.
Cartridge Loading Mechanism - The loading mechanism is
15 a standard mechanical device that retfieves a cartridge
from the magazine and inserts it into the drill hole. The
stemming bar described below may be used to provide some or
all of this function.
The loading mechanism will have to cycle a cartridge
20 from the magazine to the drill hole in no less than 10
seconds and more typically in 30 seconds or more. This is
slow compareﬁ_ to m<.>dern high firing-rate gun autoloaders
and therefore does not involve high-acceleration loads on
the cartridge. Variants of military autoloading technigues
25 or of industrial bottle and container handling systems may

be uséd. '



20 Alternately, the hole can be drilled deeper in such a way
as to prevent fractures from being propagated to the surface or, if
the fractures do reach the surface, there is littl e gas energy

remai ni-ng to accel erate the fragnents of broken rock. This situation
I's shown in Figure 4. In this 25 case the rock around the drill hole

w [ | have sustigWieas network of fractures which w || PCKES9GE2RB] v
weaken t he rock and act to enhance the performance of a mechani cal
breaker. Additionally, fractures that have T#bpagated to

97/ 06348

WO
surface will be avail aBP® mi% %Ehgﬂ?ﬂ?tf%é#ﬁ'ge@l&%oLgrsggﬁe%n avgljffch
| ocati ons where tl@ﬁ?r gsn%#g@ﬂgeier%?g%ew%ﬁugn a rigidned 4 oppéxible

The basic prem se 0 ar ge tingis the 5 removal of smal
vol unes of rock Deﬁbéhﬁ? Bfeds @ i ferences onsthecotder afhal/doabavpposed
a

to epi sodi c convention drill and bl ast operations which invol ve
drilling multiple hol ecartridge - The cartridge is the container for the
) 5 blasting agent (explosive or propellant) and may be formed

by a number of materials including wax paper, plastic,

metal or a combination of the three. The function of the

cartridge is to:

u act as a storage container for the solid or
- 10 liquia blasting agent
L to serve as a means of transporting the blasting

agent from the storage magazine to the excavation
site
u to protect the blasting agent charge during
15 insertion into the drill hole
| if necessary, to serve as a combustion chamber
for the blasting aqeﬁt
| if necessary, to provide internal volume to

dontrol the pressures developed in the hole

20 bottom
u to protect the blasting agent from water in a wet
darill hol;a
n to provide the stemming bar with isolation from

any strong shock transients from the blasting
25 agent.
n to provide a backup sealing mechanism for the
blasting agex;lt product gases as the blasting
agent is consumed in the drill hole. |



patterns, |oading holes wth expl osive charges, blasting by timng

the bl ast of each individual hole, ventilating and 10 mucki ng cycl es.
The amount of rock renoved per shot in smal | -charge blasting is in
the range of about [err] to about _ 3 cubic neters and the tine

I nterval between shots is typically 2 mnutes or nore.

There are severgbogae of acconplishing small charge 15 PCIRUS96/32801
These include but are not limted to: 1. Drilling and
shooting a short hole and using a ~28- conventional dri Il and
bl ast techni ques. Th om pQrii t e
| oaded with an %artm.dge I%‘f‘iooé'f \fépq'{]zgfrgeggn%ﬁ?gcr%%% y san sqﬁ%Pgr
rock. 20 T segg ONa®Xi BRs) Waldarieaedn 123si Govel
drill & blast pr actglegg' @oipi-iséé gf af éﬁ?jl:ﬁsg and shoot | ng a short hole
enpl oyi ng explosive 1Qﬁ5i:liaaﬁ.oh| afdmﬁqueehmaquase empbsyed he |IThicsem
portion of the hole can be |oaded with an expl osi ve charge
whi ch i s decoupl edriclmdet himstantaneous electric blagtdngagaeps ficedidby a
and/or rock. This is also based on, exi sting and

wel | - known Hhasic @dmectg current pulse or apn aéPdB?E\":Y?]éé. induced current
. pulse; non-electric blasting caps; thermalite; high-energy
primers or an optical detonator, where a laser pulse
initiates a light sensitive primer charge.

In the case of a blasting agent comprised of a
10 propellant, standard or novel propellant initiation
techniques may be employed. These include percussive
primers where a mechanical hammer or firing pin detonates
the primer charge; electrical primers where a capacitor
discharge circuit provides a spark to detonate the primer
15 charge; thermal primers where a battery or capacitor
discharge heats a giow wire; or an optical primer where a

laser pulse initiates a light sensitive primer charge.
Means of Stemming (Tamping) or Sealing - In the small-
charge blasting methods envisioned herein, the blasting
20 agent will be blaced in the bottom of a short drill hole
and the top portion of the drill hole will be stemmed
(tamped) or sealed by any of several means depending on the
small-charge method used. The function of the stemming
means is to inertially contain the high-pressure gases
25 evolved from the blasting agent in the bottom of the hole
for a sufficient period = (typically a few hundred
microseconds to a few milliseconds) to cause fracturing of

the rock.
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- 20- 3. Using a gas-injector to pressurize the bottom of

a short drill hole such as enbodied in U S Pat ent No.
5,098,163, 24 March 1992, entitled "Controlled Fracture
Met hod and Apparatus for 5 Br eaki ng Hard Conpact Rock and
Concrete WO 97/06348 Mat eri al s". 4. Using 2CISs@Eseiant
based Charge-in-the-Hole mebhod to pressurize the bottom
of a short drill hol e such as enbodied in U S. Patent No.
10 5, 308, Iaothe Gage 19O Hriditing snd" sm@m@ismrt hole and

Drill Hole Pressurization Mthod and ag_ ar at us
Control |l ed Fr agneﬁ%séﬂgoﬂ epnyeRtiand, tho?ﬂéi blast techniques, éﬁﬂ? bottom

O o "ol 5 U B B4 e it
Provisional U S. FRalfibnfeR byakhA8 SAAJ6: SFock or by an inertial stemming
. 5 bar such as described below.

In the éase of drilling and shooting a short hole
employing cushion blasting techniques, the botton portion
of the hole can be loaded with an explosive charge which is |

' decoupled from the rock and tamped by sand and/or rock or
10 by an inertial stemming bar such as described below.

In the cases of a gas—-injector (U.S. Patent No.
5,098,163), or the prop:ellant based Charge-in-the-Hole
method (U.S. Patent No. 5,308,149), or the explosive based
method (Provisional U.S. Patent Application entitled "a

15 Method and Apparatus for Controlled Small-Charge Blasting
of Hard Rock and Concrete by Explosive Pressurization of
the Bottom of a Drill Hole"), the primary method by which
the high gas-pressures are contained at the hole bottom
until the rock is fractured, is by the massive inertial

20 stemming bar which blocks the flow of gas up the drill hole
except for a small leak path between the stemming bar and
the drill hole walls. This small leakage can be further
reduced by design features of the cartridge containing the
blasting agent and of the stemming bar. The stemming bar

25 can be made from a high-strength stéel or from other
materiéls that combine high density and mass for inertia,
strength to ‘withstand the p.ressure loads without

deformation and toughness for durability.



Met hod and Apparatus for Controlled Small - Charge Bl asting
of Hard Rock and Concrete by Expl osive Pressuri zation of
the Bottomof a Drill Hole" 20 The preferred nmethod of

smal | -charge blasting will be dependent on the type of rock
formati on and the best : resultant fracturing patterns for achieving
opti mum wodressmnce by the nechani cal breaker. Breetisaga2801
Mechani sm of the Mechani cal |npact Breaker 2830~ The mechani cal

i mpact breaker delivers a series of hi gh energy blows to the rock
face. A typical mechani @e IndexingmMeshapissker The shedk €@nill gapd small-

e ener gy o charge B1asting Rcninten ard pintedl B Fn 1 ndeking U
2 o teul o oe o B8 e G bR EUSRGESEL Wl BBy e
Each bl ow wi Il propggai£hizaanAcipatet teeaRe®.! NThe function of the indexing
‘ 5 mechanism is to allow the drill hole to be formed and then
to allow the small-charge mechanism to be readily aligned
and inserted to the drill hole. A typical indexer mechanism
is illustrated in Figure 8. The indexer is attached to its
boom by means of hydraulic couplers that allow the indexer
10 to be positioned at the desired angles and distance from
the rock face. The indexer is first positioned so that the
rock drill can drill a short hole into the rock face. The
indexer is then rotated about an axis common to the drill
and the small-charge mechanism so that the small-charge
15 mechanism becomes aligned with the drill hole. The small-
charge mechanism is then inserted into the ﬁole and is
ready to be fired.
Applications
This method of breaking soft, medium and hard rock as
20 well as concrete has many applications in the mining R
construction and rock guarrying industries and military

operations. These include:

= tunneling
n cavern excavation
25 = shaft-sinking

n adit and drift development in mining
B long wall mining

= room and pillar mining



rock which will reflect froma nearby free surface and 5 pl ace the

rock in tension to create the conditions necessary for
fracture initiation. Each bl ow may al so extend existing
fractures. A strong shock spi ke consists of a strong shock foll owed
I nmedi ately by a sharp rarefaction wave such that the rise and fall
of pressure ocowo9rekiss ng 10 a time that is short conpar ®CTUSIV/I80L | ne
required for a seism c wave to cross=s8ie volume of rock affected by
t he spi ke. These nechanisns are illustrated in Figure 6. The

series of blows may al s® set stppindr methpds: r shrinkagens cut & £ijlihand
rock that can enhance breakage. The byeaker tool 15 bit may al so be
used to pry or wedge apart rBRRESY-YAR) ng itself into partly
opened fractures. Br i of the Conbi nation of

Smal | - Char ge Bl 5sti ngggﬁ‘%@%‘bﬁcq{;ﬁ‘?& | npact Breaker

One or nore small charga shohig@P¥uP advd1VpmeRtorér vérticdl0Trataseréfreat
create either (1) a network of subsurface fractures; 2)
addi ti onal fgee surfaces; (WCR) (Binimy conbi nati on of both. By
devel opi ng fracture networks and additional free surfaces, the

smal | charge bl asting cMeat edraw~point t [devedopnentnstorecdngly teving and

mechani cal inpact breaker to 2? becone, effective.
shrinkage stoping

L secondary breakage and reduction of oversize
= trenching
10 = raise-boring
= rock cuts
n precision blasting

n demolition
L open pit bench cleanup
15 - open pit bench blasting
] boulder breaking and benching in rock guarries
= construction of fighting positions and personnel
shelters in rock
- reduction of natural and man-made obstacles to

20 military movement

The estimated production rate 1, expressed as bank

cubic meters per hour, of. r.ock excavated is shown as a
function of unconfined compressive strength of the rock 2,

25 expressed in megapascals (MPa) in Figure 1. The performance
of a typical mechanical impact breaker is shown as a
hai;.ched region 3 and illustrates that the mechanical impact
breaker does not excavate rock with an unconfined

compressive strength above about 150 MPa. ‘Published data



In many cases, the use of small-charge blasting al one results in
several holes in which breakage is inconplete yet the rock around
the hol e bottom may be fractured. WO 97/ 06348

PCT/ US96/ 12801 : -22- Subsequent hol es
will have to be placed far enough apart to avoi d situations where

t he pressure cdecelagpe in the subsequent hol e bott om POTNIN96/1280L
prematurely into. previously fornmed sedz+rface fractures, thereby
reducing 5 the yield of the shot. This situation can be reduced or
elimnated by dri PPXHEssﬁ@rqeeﬁhﬁWe@t@%%ﬁﬂbetihﬁ?ﬂm3- The perferpapge

h th f dthe.rock is entirel ._di sl odged.
this leads to SPtBabPBHEsansmiali-charak blpafiind) BERGHRt <181 SBOE 3

T aeeh e Macdfes raf AT LR nkeldoRiobice HiiithebertiL4eLss!
holes are drill edggffenefdiarite t fock throughout the range of unconfined
_ 5 compressive strengths typical of the rock excavation
industry. Published data points 6 are shown in the.hatched
region 5. The performance of a combination small-charge
blasting process and mechanical impact breaker working
interactively is shown as a cross-hatched ;:egion 7 and
1o illustrates that the combination usage excavates more
effectively than the sum of the two ‘methods acting
separately. Experimentally determined data points 8 are
shown in the cross-hatched region 7.
The elements of a small-charge blasting system are
15 shown in Figure 2. A short hole 9 is drilled into the rock
face 10 by a rock drill. The drill hole 9 may have a
stepped diameter change 11 which can be accomplished by a
reamer/ﬁilot.drill bit combination. The stepped diameter 11
can serve the purpose of limiting the maximum travel of the
20 cartridge insertion means or may be used to assist in
sealing the gases evolved in the hole bottom 12. A
cartridge 13 is placed in the hole bottom 12. The cartridge
13 contains a charge of blasting agent 14. cCombustion of
" the blasting agent 14 is initiated by an ignition means 15
25 which is controlled remotely through an electrical .or
optical communication line 16 which passes through the
stemming bar 17. The stemming bar 17 is used to inertially

confine the high-pressure gases evolved in the hole bottom

12 upon ignition of the blasting agent 14. The stemming



fracture the rock around the hol e bottom wi thout dislodging t he rock
(equi val ent to undershooting the hole), then a 15 mechani cal i npact
breaker can be used to dislodge the rock wi t hout danger of high
energy flyrock. In this way, the rock face can be cl eaned of | oose
rock and subsequent smal | -charge bl asting shots can be placed into
conpet ent WO bhesast her eby reducing the possibility of pre®eT(Isedi280120
venting the pressure devel oped in the hole begiom Thus the use
of small-charge blasting extends the range of rock strengths in

whi ch the breaker ban 17 may als$eqrondde ep@ealdngTunptignretocprevent the
elimnate the | oose rock that reduces the efficiency of snall-chaﬁge
25 bl asting andeseape pesy drightRrensure GRses TRPY, Wi fgle bottom 1
flyrock. 97/ 0634

PCT/ US96/ 12801 STing R, _rPe‘Fﬁ%s"doFeFH%rfﬁ 47 Ay 4eR ppinary fractirés,ie
basic conmponents ofphNgeSPaRA12ELQ0LUESS2Y Cft the rock 20 surrounding the

5 hole bottom 12.
Figure 3 illustrates the overall rock fragmentation
process for a small-charge blasting shot in which a
relatively short hole has been drilled and the hole has
been "overshot". A hole has been drilled into the rock
10 face 21. The bottom of the drill hole 22 may appear at the
center of the bottom of the excavated crater 23. Fragmented
rock 24 has been energetically ejected from the crater
under the accelerating action of the gases generated by the
blasting agent. Residual fractures 25 reﬁain in the rock
15 26 below the crater walls.
Figure 4 illustrates the overall rock fragmentation
process for a small-charge blasting shot in which a
relatively deep hole has been drilled and the hole has been
"undershot”. Holes 27 and 28 have been drilled into the
20 rock face 29. The rock has not been dislodged by the small-
charge shots but priméry fractures 30 and residual
fractures 31 have been created in the rock 52. These form
a subsurface network of fractures that have weakened the
overall rock structure. This rock will be easier to break
25 out, either by subsequent small-charge shots or by a
mechanical impact breaker.
A typical modern mechanical impact breaker is showh in
Figure 5. The mechanical impact breaker housing 33 is

attached to an articulated boom assembly 34, which is in-



'inpact breaker/smal | -charge bl asting system are: [err] t he

boom assenbly and undercarrier 5 [err] t he mechani cal i npact
breaker [err] the rock drill ' [err] t he
smal | - charge bl asting nechani sm [err] t he i ndexi ng nmechani sm
The basi c conponents of the systemare shown 10 schematically in Figure
7. The fol | owyethrigs4aar aphs descri be the envi sioned pcTns9s/12801
characteristics of the various conponggy-s. The
Boom Assenbly and Undercarri er : The carrier may be any standard
m ni ng or constructturn dtcacheshrtd @n amdexcaspderalBby dThegrtedlciti 86 fisr
nounti ng the boom assenbly or boom assenblies. Special carriers for

shaft sinking, stoROWA%EhEY Rah¥avaukic Riskon nechanism within ihe, breaker
ti b ilt, Typi.cal | b nbj i

Fequired. one’is. RPusing 33. FheendRriiaz! 3k Bayer Hhd bEgtker o f wisnin,
d ' t | blast i

boom assenbl i es m B S0, Phe WEpRly | 608 4hq° RS, ban"R07 el 1008 the

construction @rti cuybedAghaaNse tAsY tRditded Bitt 3¢éstani égérate on P Pock

The function of the boom assenbly is to orient and
. face.

Figure 6 illustrates the basic breakage mechanism of
a mechanical impact breaker. The tool bit 37 is shown at
the moment of impact on a rock face 38. The rock face 38

10 contains a pre-existing fracture 39. To the left of the
rock face, is a nearby free surface 40. The shock spike
generated by the impacﬁ of the tool bit 37 radiates out and
reflects as a tensile wave from the surface of the pre-
existing fracture 39 creating a region of rock in tension

15 41 in which additional fracturing will be initiated. The
shock spike also radiates out and reflects as a tensile

~ wave from the free surface 40 creating a second region of
rock in tension 42 in which additional fracturing will be
initiated. After repeated impact blows by the tool bit 37,

20 the fractures initiated in regions_41 and 42 will link up
and dislodge the rock mass represented by region 43.

A rock excavation system based on the combination use
of a small-charge blasting system and a mechanicai impact
breaker is shown in Figure 7. There are two articulating

25 .boom assemblies 44 and 45 attached to a mobile undercarrier
46. The boom assembly 44 has a mechanical impact breaker
47 mounted on it. The boom assembly 45 has a small-charge
blasting apparatus 48 ﬁountéd on it. Shown as optional.

equipment on the excavator are a backhoe attachment 49 for



25 | ocate the breaker or the small-charge apparatus to the

desired | ocation. In the case of the small-charge appar at us,

t he boom assenbly may be used to nount an i ndexer assenbly. The

i ndexer hol ds both the rock drill and the snall-charge nechani sm

and rotates about an axis WO 97/ 06348

PCT/ US96/ 1280 1wo 97/06348 - 24- BCTYRISA28G1t h
both the rock drill and the snall-charge -35- nechanism After the rock
drill drills a short hole in the rock face, the indexer is rotated

éo_ ?: i %n'l t he shmal | mavingydroken rockefrani thef $orkEaes Lo s reonveyeR SYaten
ri ole. The 5 __ indexer assenbly renoyes.the negd for separat.e
b](c)oms f or - $%ohish rPgsees Bhe ’P?@g%‘?niqc- %&F&Egﬁeghﬁn?§?ﬁw£‘ﬁ%r M &
0 t he bogm and indexer al to provide recoil mass and
stability for theaﬁ?‘?ﬁgearfgs el R!‘%ﬁa%gé%? bhan!osm

The Mechani cal I npact By eggpicall indexing MECHENIRM fo¥ tHRACEmdL Padtfirges

al so known as a
5 blasting apparatus is shown in Figure 8. The indexing

mechanism 51 connects the small-charge blasting apparatus

52 to the articulating boom 53. A rock drill 54 and a

emall-charge insertion mechanism 55 are mounted on the

indexer 51. The boom 53 positions the indexer assembly at

10 the rock face so that the rock drill 54 can drill a short

hole (not shown) into the rock face (also not shown). When

the rock drill 54 is withdrawn from the hole, the indexér

51 is rotated about its axis 56 by a hydraulic mechanism 57

so as to align the small-charge insertion mechanism 55 with

15 the axis of the drill hole. The small-charge insertion

mechanism 55 is then inserted into the drill hole and the
small-charge is ready for ignition.

While various embodiments to the present invention

have been described in detail, it is apparent that

20 . modifications and adaptations of those émbodiments will

occur to those skilled in the art. However, it is to be

expressly understood that such modifications and

adaptations are within the spirit and scope of the present

invention of the following claims.



hydr aul i ¢c- hanmmer,

concrete denol i tion “work. Subsequent |y,

r

hi gh- ener gy hydraul i c hanmer or i npact ripper.

I c pdwer was

Initially, t SMI mI""' , act breakers were neumatical |y
power ed and breakl ng %@?é HA aENggrs and for
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lwer e increased.
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operations in narrowre
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has baen IRVGILAREH ke SAURDr A 14 e Aimentation HOW Hira

m nes mechani ca

typically nnunted<q&ﬂé@§agwncggggHSIng. assenbly which is capabl e of
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Mechani cal i npact

to noderate 5

10

15

20

25

breakers nmay al so i ncorporate feed back control
a free surface of the hard material;

(b) sealing the gas in the bottom of the hole to
pressurize the hole bottom and cause. a fracture to
propagate from the bottom of the hole, thereby forming a
fractured portion of the hard material a portion of which
is exposed in the free surface surrounding the hole; and

{(c) impacting the fractured portion exposed at the
free surface with an impact breaker to remove the material
in the fractured portion from the free surface.

2. The method of Claim 1, wherein the hole has a
diameter and a depth from the free surface ranging from
about 3 to about 15 hole diameters.

3. The method of Claim 1, wherein the fractured
portion has a volume and in underground excavations the
volunme rahges from about 0.3 to about 10 bank cubic meters
and in surface excavations the \.rolume ranges from about 10
to about 100 bank cubic meters.

4. The method of Claim 1, wherein the gas is formed
by at least one of an explosive and propellant and the
amount of the one of the explosive and propellant ranges
from about 0.15 to about 0.5 kilogréms in underground
excavations and from about 1 to about 3 kilograms in

surface excavations.
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C(Z)ﬁdl Cons. ”"m”m,ﬂmﬂ,m,ﬂl and frequency in respoBrs:al ][O varyi ng roc_l|<_he

drill consists f ‘the deilt motor, drf THISSSHERT Hag HAgpEEy | drill bit, and the
cal ljy

drill notor may be pneumatically or _ REpUAGRY | power ed.

The preferred diod7locsagpe i s a percussive PCI/HSA6(1280 | v e
drill creates mcro-fractures at the bottom-g7- the drill hole which
act as initiation points for bottom 10 hol e fracturing. Rot ary,

di anond or other nmecharcal The methddiof £ladp e Vk%!?-’m e impact breaker
Standard drill steels can be used and these can shortened to Jreet

the short hol e reqgiitPasehtther Tragtunpd IP"”‘:lon W%r%eb% SHEY, TRging

15 St andard m ni r Str o] an be used to
drill, the holes. P%F%s%’? &%DQ: #gl#’ g?g #‘ rié&feg' nmicro-fracturing
mey be devel oped. Drillghol amsd 4R%n8Yof Claim! £)USuFIRP bonpelisifg:
20-inches in dianeter and depths are t ypi caIIy 3to 1E hol e

di ameters degp. 20 (d) Fapddtibigt sstepf ofeh aast eppededioite f vemevei cthe
| Qsert on fractured portion from the free surface.

7. The method of Claim 1, wherein the blow frequency
of the impact bi:eaker ranges from about 1 blow per second
to about 200 blows per second.

10 8. A method for controlled fragmentation of a hard '
material, comprising:

(a) releasing gas into the bottom of a hole located in
a free surface of the hard material;

(b) sealing the gas in the bottom of the hole to

15 pressurize the hole bottom and cause a fracture to
propagate from the bottom of the hole, thereby forming a
fractured portion of the hard material in the free surface
surrounding the hole; and

(c) impacting the fractured portion exposed at the

20 free surface with a blunt object to remove the material in
the fractured portion from the free surface, wherein the
blunt object contacts the free surface Witi‘l a blow energy
of at least about 0.5 kilojbules and a blow frequency of at
least about 1 blow per second.

25 9. The method of Claim 8, wherein the com:act area

of the blunt object with the fractured portion ranges from

about 500 to about 20,000 mm?.
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of the snma anlsmmay consist of a pilot bit with a
slightl m& w reamer bit, which is a standard bit

conflgu &rel by manuf act ur er, iy drill bits. Drill
bits to forma tapered transition holf

smal | - charge nechani sm may cdn
| arger di anet ew097/06348 reaner bit.

% insertion of the
, Mt with a slightly
and pl|0t may ne:rqsmzmy

desi gned WO 97/ 06348 -38-

PCT/ US96/ 12801 - 26- provi de
tapered transition f rorﬁ-?he A mefhod Eowegonsrelled fram%tigraquera éﬁlﬁft
hol e. e Snal |.- Charge Bl asting Mechani sm The

snal | - char ge macha‘ﬁ?g?ﬁ' foxoiais i §'[918?'t he 5 foll owi ng sub-systens:
1. cartridge magazi ne e [
3. cartridge (a) feleagf"w?%ecj%m L‘.’lit%an:"eéﬁllhrthf %Eﬁgig fé%ated in

a free surface of the hard material;

5 (b) sealing the gas in the bottom of the hole to
pressurize the hole bottom and cause a fracture to
propagate from the bottom of the hole, thereby forming a
fractured portion of the hard material in the free surface
surrounding the hole; and

10 (c) impacting the fractured portion exposed at the
free surface with a mechanical impact breaker to remove the
material in the fractured portion from the free surface,
wherein the mechanical impact breaker contacts the free
surface with a blow energy of at least about 0.5

15 kilojoules.

11. The method of Claim 10, wherein the blow

frequency is at least about 1 blow per second.
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10 5. neans of stenm ng (tarrpi'ng)' or sealing Cartridge

Magazi ne - Propellant or explosive cartridges are stored in a
magazi ne in the manner of an. amruni ti on magazi ne for an autol oaded
gun. ’ Cartridge Loadi ng Mechanism - The | oadi ng nechanismis
15 a standard mechani cal device that retrieves a cartridge from
t he magazi ne swoloiessarts it into the drill hole. The PETASIWIA8P1bar
descri bed bel ow nay be used to provi de sone or all of this
function. The | oadi ng mechani will have to cycle a cartridge
20 fromthe nmagazine to the drill hoﬁg/-.i no |less than 10 .
seconds and nore typically in 30 seconds or nore. This is sl ow
conpared to nodern high firing-rate gun autol oaders and therefore
does not invol ve high-acceleration | oads on the cartridge. Variants
of mlitary autol oading techni ques 25 or of indugtygi batjtgee and
cont ai ner handling systens nmay be used. e
8
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-27- One vari ant

PCT/ US96/ 12801

the cartridge is propelled through a rigid or a flexible
pressure differences on the order of 1/10 bar.

cartridge is the container for the
propel | ant) an&o@&%&ﬂ? f or med
paper, plastic, nmet al

of the cartridge is to:
container for the solid or 10
[err]

5

or a conbi nation of the three.

2/8°¢

r

is a pneumati c conveyance systemin which

t ube by

Cartridge - The
bl asti ng agent (expl osive or
by a nunber of materi al pdrgdosaigdy Wax

r]

agent fromthe storage nagazine to the excavation

[err]
insertion into the dril
as a conbustion chanber _
“[err] i.f necessary, to provide in
control the pregsures devel oped_in t

hol e

[ ]

0

18

NN

NN

to protect the blasting agent charge during

er

|
2

OO

15
r]
the bl asting
ume to

i f necessary,

The function
act as a storage

|l iquid blasting agent

to serve as a neans of transporting the blasting

site

to serve

9'—"-/9
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o b
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[err] to protect the blasting agent fromwater in a wet
drill hole [err] to provide the stemm ng bar with isolation
from any strong shock transients fromthe blasting 25
agent . : [err] to provide a backup sealing nechanismfor the
bl asti ng agent product gases as the blasting : agent is
consuned in t heV@P7PEB4hol e. WO 97/ 06348 PCT/US96/12801
PCT/ US96/ 12801 - 28- ) Cartridge
Ignition System- In the case of a blasting agent conprised of an
expl osive, standard or novel expl G&| initiation techni ques may be
enpl oyed. These i ncl ude instantafeous electric blasting caps fired
by a 5 direct current pulse or an inductively induced current
pul se; non-electric blasting caps; thermalite; high-energy prinmers
or ah optical detonator, where a |aser puL§e
. ' N

24

24
26

Fig. 3
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initiates a light sensitive primer charge. In the case of a

bl asti ng agent conprised of a 10 propellant, standard or novel
propellant initiation t echni ques may be enpl oyed. These incl ude
per cussi ve prinmers where a nechanical hanmer or firing pin detonates
the primer charge; electrical prinmers where a capacitor di schar ge
circuit provi Ws9m6348ark to detonate the prinmer 15 char g@CT/US$A280|
prinmers where a battery or capacitor di scharge heats a glow wire; or
an optical prinmer where a | aser pulse initiates a |ight sensitive
primer charge. Means of Stegakgga(Tanping) or Sealing - In the
smal | - charge bl asting nethods e ned herein, the blasting 20
agent will be placed in the bottomof a short drill hole and the
top portion of the drill hole will be stenmed (tanped) or seal ed by
any ,of several neans depending on the smal | - charge net hod used.

The function of the stenmn means is to inertially contain the

.hi gh-pressure gases 25 ejol ved fromthe blg§ting agant in the bottom of
t he -hol e for a suffigient peHg@j (typi eal | - hygdr ed
m croseconds to a few m |l ligeconds) to, cause frfact 13p) t he
rock. (L
‘ -
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o
™
(o2}
o
X B @
AN o
o
\ ™
<
: o
N LL

SUBSTITUTE SHEET (RULE 26)



WD 97/ 06348
-29-

PCT/ US96/ 12801
usi ng a conventi onal

In the case of drilling and shooting a short hole and

drill and bl ast techni ques, the bottom
of the hole can be | oaded with an expl osive charge
sand and/ or

portion
and tanped by
rock or by an inertial stemmng 5 bar such as descri bed
bel ow. w0 9706348 t he case of drilling and shooting a shecT/USasi12801
enpl oyi ng cushi on bl-asting techni ques, the botton1portion
hol e can be | oaded with an expl osive charg
the rock and tanped by sand and/or
bar

of the
ch is decoupl ed from
rock or?iibé al stenm ng
such as descri bed bel ow. gg In the cases g I pj ect or

(U. S. Patent No. 5,098, 163), “Jor the propell,'
Charge-in-the-Hol e met hod (U _§__Patie : p - the
expl,osi ve based met ho LLIS ? | ] on
entitled "A 15 Met hod an ' f i : ge
Bl as‘tl ng of Hard Ro an t @ :

7ationof
M e |

t
1
[Nyt S

&)

Fig. 5
;
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the Bottomof a Drill Hole"), the prinmary method by which t he high

gas-pressures are contained at the hole bottom until the rock is
fractured, is by the nassive inertial 20 st enm ng bar which bl ocks the
flow of gas up the drill hole except for a small |eak path between
the stemm ng bar and the drill hole walls. This small | eakage can
be further w0 97/06)8luced by design features of the cartri dgecwosvemisol Ng
t he bl asti ng agent and of the stenm ng bar. The stenm ng bar 25
can be made froma high-strength steel or fraom other mat eri al s t hat
conbi ne high density and nmass for inertia6/8 strength to w thstand
the pressure |oads wthout def ormati on and t oughness for
durability. - WO 97/ 06348
PCT/ US96/ 12801 - 30- The
| ndexi ng Mechani sm - The rock drillf and small - charge bl asting
mechani sm are nounted on an indexing unit which in turn is nounted
on a separate boom fromthe ChanLciI i npact breaker. The function
of the indexing -4 S~

-~

T~

~
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5 mechanismis to allowthe drill hole to be formed and then to

allow the small -charge nechanismto be readily aligned and inserted
to the drill- hole. A typical indexer nechanism is illustrated in
Figure 8. The indexer is attached to its boom by neans of hydraulic
couplers that allow the indexer 10 to be positioned at the desired '
angl es and di s{yowRsisgom t he rock face. The indexer i spdyrrsdsr1zs01
positioned so that the ~rock drill can drill a short hole into the
rock face. The i ndexer is then ry ted about an axis common to the
drill and the smal | -charge necha |'2 so that the gmall-charge 15
mechani sm becones aligned with the drill hole. Jhe small { char ge
mechanismis then inserted intojthe hole &nd ig ¢ady to be fired.
Appl i cati ons This Jethod of Brealkfsg soft, di um'and hard
rock.as 20 wel | as concrete nmany applfi cALionstin{the mning,
construction and rock quar@i ng d ries a ‘ 2ry |- oper ati ons.
These i ncl ude: [ er nnel i/petN '[-err] cavern
excavation 25 [er - Si @' ! .

\2

N Q

Ty ]
s ® I\
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[err] adit and drift devel opnent in mning [err] | ong
WO

wal | m ni ng [err] roomand pillar mning
97/ 06348 PCT/ US96/ 12801
- 31- [err] stoping nethods (shrinkage, cut & fill and
narr ow vein) [err] sel ective mning [err]
under cut devel woneves34sor vertical crater retreat 5 PCT/USO6I1Y86D)
m ni ng [err] draw poi nt devel opnment for block caving and
shri nkage st oping [err] secondary breakage and reducti on of
oversize [err] trenchirs g) [err] rai se-boring
[err] rock cuts [err] 4 ci sion bl asting . 00
[err] denolition .
k=l
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[err] oper.l- pit bench cleanuﬁ) 15 " - [err] open pltq&QéSéz 3 :
ZLZEHQilllllllllllllllllllllllllllﬁiH TOESHEET TS BB g no poci 1 ore sl 1098
per sonnel " shelters in rack : err] reduction of [y
natural and man- mﬂeobﬁadesto 20 nﬂlFayrmvamm

gbi ¢ neters per

LN 5

hour, of rock excavated TS - unconfi ned
conpressive strength of Lhe T k apascal s (MrPa)
in Figure 1. The er f OFHe ?eipo% C%NTR&%.I’P gﬁ@ﬁﬁﬂgﬁgﬂﬁg act
breaker is showﬂ‘g%DaROCK AND GQNEREUE, BE CONER INATIQN éi% QRat the
mechani cal " i npact IMPACTOHAMMBRSJAND AMALEX CHARGE BIASTING" an unconfined

conpressi ve strength. above about 150 MPa. Published data WO
97/ 06348 ) - PCT/ US96/ 12801
' 1. A method for controlled fragmentation of a hard

material, comprising:

5 {b) releasing a M [gas in the bottom of a]
U -hole [located in a free surface of the hard material], while
m r i i 1
o) impeding the dissipation of the fluid frolsealing
the gas in the bottom of] the hole [bottom] with the member,
10 ghereby [to pressurize] pressurizing the hole and [causel
causing a fracture to propagate from [.the bottom of] the hole
and fracturing [thereby forming] a [fractured] portion of the
hard material ([a portion of which is exposed in the free
surface] surrounding the hole; and
15 Jd) thereafter impacting the fractured portion [exposed
at the free surface] with an impact breaker to remove the

material in the fradtured portion from the free surface.

2. The method of Claim 1, wheréin the hole has a
-diameter and a depth from the free surface ranging from about

3 to about 15 hole diameters.

3. The method of Claim 1, wherein the fractured portion .
has a volume and [in underground excavations] the wvolume

ranges from about 0.3 to about 10 bank cubic meters [and in

— - REPLAGEVENT SHEET
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' : 4 are shown in the hatched regi on 3 The perforrrance

of a typ dﬂ&m uui bl asting process |s shown as a . . hatched
region 5 an that smal |l - char gp= an excavate
rock throughout the range of unconfi ned Etrengt hs
typical of the rock excavation I nflustr ata points 6
are shown surfaeehaxene@tlons thaxﬂq%umﬁ ubflﬁ tonsboati on
_snall-charg& astln cess and nechanlcal i npact breaker wor ki ng
interacti veP§ Panky s-hatched region 7 and 10 il lustrates
t hat the conbi nation usage excavat es nore effectively than the sum
- of the two nethods acting separately. Experinentally determ ned data
points 8 are 4. dhewmdthddheofrobsimalchetieredmonthe fluid is a gile
~elenments of a small-~charge bl asting system are_ 15 shown 1n Figure 2. A
short hol e [9s} sEarmedely; ﬂt:olft%t Bt of an explesive eyxdapﬁ-‘@@@laﬁm and The

drill hol d dianet h

ol pERenPgRe it o, e IS0k AARLEL RISl ntlh Sh  Bnhte.
di ameter lfrom abof8N §€i8e tdHe MEOS® & kiiTogiriathst Ng i BX|AUBYHEavel Of
the 20 cartridge insertion means or may be uSed to assist in

seal i n§ t hexgavetions wed ifirdrhebwmite bdis abdt 3 Kilograms in surface

excavations] .

o 5. The method of Claim 1, wherein the impact breaker
impacts the fractured portion with a blow energy ranging from

about .0.5 to about 500 kilojoules.

6. The method of Claim 1, further comprising:
[(d)1({e) repeating step [(c)]J(d) as needed to remove the

fractured portion from the free surface.
7. The method of Claim 1, wherein the blow frequency of
the impact breaker ranges from about 1 blow per second to

about 200 blows per second.

8. - A wmethod for controlled fragmentation of a (hard]

material, comprising:

5 - k) _releasing gas into the bottom of a hole located in a

free surface of the [hard] material;

By | -2~ [REPLACEMERT SHEET
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cartridge 13 is il aced in the hole bottom 12. The cartr| dge 13

contains a chilm lml ﬂ!ﬁgent 14. Conbustion of ~—at-aGi-iRg
agent 14 i's i ﬂ " ition nmeans 15 25 E*HS §H$§'rHA%IBEEN

renotely throudgh an eI ectrical or optical comunicati BEPLAGED 16
~whi ch passes through the stenm ng bar 17. The stemm ng bar I7 TS
used to inertial{g) [sealirfif] ifriped il i BE&paYE 6ngageshev@hyedin

hol e bottom 12 upon 1 gni e P as |ng agent 14. The stenm ng
WO 97/ 0634&he [bottom of the] hole wi et CHRE SR o T to

- 33- bar 17 may prqvi de a sealln function to prevent the
escape of RISEEEs §g°ésef ﬁ']tpﬁ‘e ﬁBfiechFFo?n ctux CARTIRAIHeE
erio e d r r re resi

Fract oe 19 Hie ﬁé’?kt‘*%afps%é'?%%%& %éﬁt‘*ﬁesc*é@feb%of rfiffio] & feurea
Figure 3 ilgdiatis esof hetp¥er ghhrapckmhtagimit atfiign the fﬁ@‘-"%fa@ie]a

smal | -charge bl asting shot in which a
surrounding the hole; and

(d) thereafter impacting the fractured portion ([exposed

at the free surface] with a blunt object to remove the

15 material in the fractured portion from the free surface,
wherein the blunt object contacts the [free surface] fractured
U portion with a blow energy of at least about 0.5 kilojoules

and a blow frequency of at least about 1 blow per second.

9. The method of Claim 8, wherein the contact area of
the blunt object with the fractured portion ranges from about

500 to about 20,000 mm3.

10. A method for controlled fragmentation of a [hard]

material, comprising:

— 5
10
[(a) ¥eleasing gas iﬁto the bottom of a hole located in
a free surface of the hard material;
- REPLACEMENT SHEET |
This Sheet Has Been Rep ' : 272 UtT 1998
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reIatjV_TV*§H6TT‘hU+e~has—been drilled and the hole has "~ been’ .
"overshot been drilled into the rock 10 face 21. The

bot't om of ‘gﬂ'ﬂ!@iﬂ” 2 nmay appear at the center of the bottom
of the excavat . Fragnent ed rock 24 has been

energetically ejected fron1the crater under the accel erating action

of the gases gengjatgdabyn %hethe gas bliast the agettomRest duse f A €5 25
remain in the rock 15 6 below the crater walls. Figure 4

i | | ustrat eprebeurieealthe dokl e ragrtem aridreause a %r@c@gsefbo propagate

smal | -charge bl asting shot in_which a rel ati deep | e has been
drill é8 an8¥PRe TR e QFeepf the hmcﬁdelt?ﬁtﬁeby PE ing zﬁﬂd%EBCHWGdbeen

the sral |- P8rE8En 8, cnd Hlrd T tarl N e %r2§5§8§§§d%§%§§8§1‘1ﬂ9

fractures aﬁehabgebegﬁxgreated in the rock 32 These form

subsurface network of fractures that have weakened the overaII rock
structure. This[ﬂ@dﬂﬂdﬂJimRaQQﬁngﬂthQ)ﬁr&gﬁuraﬁZporbb@n ekpheedbgpt the
subsequent _smal | - ¢ e shot s

h | t.h k
oo £20e, HupbaRervitR R fiediastiaad Anpadh S aKer RLIB QplElk e
The nﬁghangégbvbm%ﬁgréﬁgéggélwgﬂsEﬂé:¥&éétured por?i A et Oc B8 free

articulate oom asse Ich1s
surface, wherein the [mechanical impact breaker]blunt object
contacts the free surface with a blow energy of at least about

U/ 0.5 kilojoules.

11. The method of Claim 10, wherein the blow frequency

is at least about 1 blow per second.

i iiiitﬁﬁi’in i




WO 97/ 06348 . PCT/US96/

- 34- to an undercarrier 35. The tool H‘"S SHEETSHAS BEEN

povvered “IJ“! lmﬂmmt"ﬂﬂst on mechani smw thin the breakdr REPLAGBDSI ng -{
. The undercarri®r 85 *noves the breaker 33 within rangeoft--the-

morklng face and the boom 34 positions the 5 breaker 33 so that the

tool bit 36 can 1023.”@%%@_1%&&&%&;01165 #&8amentation of Fi
illustrates the basiC Dbreakage Sm of a TMecant cai

breaker. Tigempomilsing: 37 is shown at t he nonent of inpact on a rock
face 38. The rock face 38 10 contains a r e- eX|st| ng fracture 39 To

the left of the

spi ke 2 . helrrpact of the t'ooI b|t 37 radi ates out and
reflects as~ete eweve 1 romthe surface of the pre- _ exi sting

L 16. T et 0 -w n luid i
Y =t
2928,
M:\3957\~1\PROPOSED.CLS " .
REPLACEMENT SHEET
. 22 0CT 10 |
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1

shock spi ke 3| S S anRETRnd reflects as a ten5|le . Q%J)l§g§5~ rom
the free sur m’-ﬁggms Ch] seco ' § r ock 3on New$RARg 42
in whioh addiftijonal fracturihgfwill [J&I8 EET HAS BEEaN pd. Af t epOepeat ed

i npact bl ows |by Bh@ NOVI1988 t 2¢ - tREPUACEBt ures{initiated in regions

41 and 42 wi 1 jlink up nd di'STO ASS . represented by .

use " *% ol s somll-charge b acting-ehstem and a mechani Eﬂlllﬂﬂﬂ%lﬂdyjlllfllllll
O *

breaker is shown in Figure 7. There are two articulating 25 ¢

assenbl i es 44 and PROBPOSER hGLAXIMS aAMENDMENTE] ANDa ADDELTIONS 46. The boom
assenbly 44 has a nechani cal inpact breaker 47 mounted on it. The
boom assenbly 45 HMETHGRFOR GQ! BOLLED FRN&WEHNA%? R at us 48 mount ed
on it. ShownHABDOBOCEHAND CONCR %0 v9§§r°§?e a backhoe
attachment 49 for IMPACT HAMMERR)AND CHARGE BLASTIN

PCT/ US96/ 12801 - 35- ~nmoving broken
o o e v R 26 ER T VELE Teragmentb 48 CBePE Hirh®
material, comprising:
(a) inserting a member of a machine into a hole located
in a free surface of the hard material;
-5 (b) releasing a fluid in the hole, while the member is
located in the hole; |
(c) impeding the dissipation of the fluid from the hole
with the member, thereby pressurizing the hole and causing a
fracture to propagate from the hole and fracturing at least a.
10 portion of the hard material surrounding the hole; and
(d) thereafter impacting the fractured material with an
impact breaker to remove the fractured material from the free
surface.

2. The method of Claim 1, wherein the hole has a
diameter and a depth from the free surface ranging from about
3 to about 15 hole diameters.

3. The method of Claim 1, wherein the fractured
material has a volume and the volume ranges from about 0.3 to
about 10 bank cubic meters.

4. The method of Claim 1, wherein the fluid is a gas
formed by at least one of én explosive and propellant and the
amount of the one of the explosive and propellant ranges from
about 0.15 to about 0.5 kilograms.

5. The method of Claim 1, wherein the impact breaker
impacts the fractured material with a blow energy ranging from
about 0.5 to about 500 kilojoules.
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haul age system (not shown) A typical | ndeX| ng rrechanl smfor
the small-charge . 5

i ndexi ng mechani sm 5;

e IR

mser”l -are frount eRERb.ACEDe |

positidnstthe i"déxer asse Ty ar—IoT—the~r ock

drill 54 can drill a short hol e (not shown)

not shown). When the rock drill 34,is withd

I ndexer 51 is rotated about its axis 56 by a hyra I sm 57

so as to aligmdhe ml:hetlmdgefim;etml bp frarkhelrscompriisting:15 the axis

of the drill e kN n i ﬁgﬁ' t hen
I nserted |nto% (?tpq?ﬁ 1?1@3 lteﬁ)d??ﬂ Ls ﬁ‘é&&b& 1:iol -C gr‘}ggg 'S rf?agy rea
i gni ti onmaterial fromvhh¢efn%¢|susfeﬂged|nents to the present invention

have been described in detail, it |s apparent that 20 nodi fi cati ons and

adapt ati ons of t hose enbodi ments wil gccur to_those skilled in the
art. However, 74 i <The mpfhod of Clé‘)%ﬁ‘r dsswherginetheoblow frequency,@f

modi fi catﬁnmslmpaeﬁ breaker af@fgesi ERromilfbont il Bildr Speri keadmdscope of
the prese%out 200 blows per second.

8. A method for controlled fragmentation of a
material, comprising:
(a) inserting a stemming member of a machine into a hole
located in a free surface of the material;
5 (b) releasing gas into the bottom of a hole located in a
free surface of the material;
(c) impeding the dissipation of the gas from the hole
with the stemming member to pressurize the hole and cause a
fracture to propagate from the hole, thereby forming a
10 fractured portion of the material surrounding the hole; and
(d) thereafter impacting the fractured portion with a
blunt object to remove the material in the fractured portion
from the free surface, wherein the blunt object contacts the
fractured portion with a blow energy of at least about 0.5
15 kilojoules and a blow frequency of at least about 1 blow per
second.

9. The method of Claim 8, wherein the contact area of
the blunt object with the fractured portion ranges from about
500 to about 20,000 mm’.

10. A method for controlled fragmentation of a material,
comprising:
(a) inserting a member of a machine into a hole located
in a free surface of material;
5 (b) releasing a fluid into the hole while the member is
located in the hole;
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i nvention of the follow ng claimns. =1-

"METHRE FOLLELY
NOLCONCRETE B - N JUSE OF
K - : met hod r

. D matefial, c npr3 IHBV 993 1 (a)

inserting a nenber of a machi ne | nio—a—kekd | ocat o in a free{sdrface
of the hard material; 5 (b) relea§|ng a fl id‘Tﬁ‘TﬁE‘ﬁUTET' ile the
menber i's located in the hol e; (c) impeding the dissipdtion of
the fluid fromthe hole wi th the nenber, thereby pressurizing the hole

and causi ng a(c) ﬂmpﬂdim@ tihve pd bpadpatibnooift thehdlmishErforacthe inglat

| t f ' . t
()"t hor EAErE b Bonfer, "By BLEREALIZUNE0 G Bbd Wi Rnd Hruta |
to fragmamd f lﬁnammaxm r eodveat heldaskt & e(portlcpm ¥ althe om@iﬁ\@:‘iabe

sur fiqee. suﬁfouq? ZQhe1ﬁ@%gEtgﬁd of dai-m1, wherein the hole has a

di anet er fromthe free surface ranglng from about
1mpact1ng the fractured material exposed at the free

surface with a blunt object to remove the fractured material
from the free surface, wherein the blunt object contacts the
free surface with a blow energy of at least about 0.5
kilojoules.

11. The method of Claim 10, wherein the blow frequency
is at least about 1 blow per second.

12. A method for controlled fragmentation of a material,
comprising:

(a) forming a penetrating cone fracture in the material
at the hole; and

(b) thereafter impacting with a blunt object the
fractured material at a free surface of the material to remove
the fractured nmaterial from the free surface, wherein the
blunt object contacts the free surface with a blow energy of
at least about 0.5 kilojoules.

13. The method of Claim 12, wherein the blow frequency
is at least about 1 blow per second.

14. The method of Claim 12, wherein the blunt object is
an impact breaker.

15. The method of Claim 12, wherein the forming step (a)
comprises sealing a high pressure gas in the hole to cause
formation of the penetrating cone fracture.

16. The method of Claims 1 and 10 wherein the fluid is
a gas. -—~———~___-_____§‘_
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3 to-about 15 hale dianeters: - % 3. The net hod of Claim 1,
wherein the fractured - matecial has a volunme andthe
from about [—benrk—cubic. orters j

of ulﬂlﬂﬁﬂlﬂlﬂﬂ‘ ﬂll.ﬂlllLe f1 uj JHIS SHEERHAS BEBRDf med by [af
expl osi vé ahd Probell ant anfl_the REPLAGEDUNt of the ofiefo
propel l ant ranges from apout— U t5—to—abeut 0.5 k|| pgPa
-2- 5. The met hod of Caim1, whergi :
i mpacts the fractured material with a blow energy r

0.5 to about 500 kil ojoul es. - 6.~ The netho - f
conpri si ng: (e) repeating step (d) as needed to renove the

fractured Nej er izlsydtam ey fdb%tr’éﬂ.'ﬁ-zaCQragmentatlon of a wdAwerdibod
of Cla|n1%£ Wgerel e blom1frg uenc¥ ¢ t @ﬁt ngéégraiaqggs
fr om about™h@ %iﬂ cFhd™@s of frac urlng e
pressurizing the bottom of a hole in a free surface of the
material with a fluid released into the hole, comprising:

(a) means for impeding the dissipation of the fluid from
the hole after the release of the fluid in the hole to
pressurize the hole and thereby fracture at least a portion of
the material surrounding the hole and

(k) means for impacting the fractured material with a
blunt object to impart a blow energy of at least about 0.5

kilojoules to remove the fractured material from the free

surface.

18. The system of Claim 17, wherein the fluid is a gas
and the blow frequency ranges from about 1 to about 200 blows
per second. '

—_—
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about* 200 bl ows per secopd. 8 A nmethod f%%o Lgnéf‘ﬁollaed

frag%@teri al, conprising:- th ng a
st enm ng nenber tne into a hole | ocat ed |nafree surf eo

: the matmm (b) releasing gas into the bottom of the hola@ JJ‘
| ocat ed ””,II"!”;”,L,JHHJsurface of the material; e

d|SS|pat|on‘oﬂ t romthe hole wth the ste
pressurize the hole and cause a fracture to propag
thereby forming a 10 fractured portion of the materiaf
hol e; and (d) thereafter inpacting the fract

bl unt object to renove the material in the fractured p
free surface, wherein the blunt object contacts the '
with a bl ow energy of at |east about 0 5 15 k|IOJouIes and a blow

frequency of at |east about 1 hhow e : The
net hod of O aim8, wherein the cont act ar ea gﬁﬂ%nnﬁon%l unt Obj ect with

the fractured portion rangesrHobOR® ROMEROLLEDSPRAGMENSROTEN &3, 000 nMierr].
- 3- 10nasd RetRahr CONCRETE' BY | vk tos@nentonigae oF a material,
IMPACT HAMMERS AND SMALL CHARGE BLASTING®

1. A method for controlled fragmentztion of a hard
material, comprising:
(2) inserting a member of a machine into a hole located
o in a free surface of the hard material;
5 (b) releasing a fluid in the hole, while the member is
located in the hole; _
(c) impeding the dissipation of the fluid fraom the hole
with the member, thereby pressurizing the hole and causing a
fracture to propagate from the hole and fracturing at least a
10 portion of the hard material surrounding the hole; and
(d) thereafter impacting the fractured material with an
impact breaker to fragment further and remove the fractured
material from the free surface.

2. The method of Claim 1, wherein the hole has a
diameter and a depth from the free surface ranging from about
3. to about 15 hole diameters.

it 3. The method of Claim 1, wherein the fractured
e nmaterial has a volume and the volume ranges from about 0.3 to
about 10 bank cubic meters.

4. The method of Claim 1, wherein the fluid is a gas
formed by at least one of an explosive and propellant and the
amount of the one of the explosive and propellant ranges from
about 0.15 to about 0.5 kilograms.



conpri si ng: (a) inserting a nenber of a machine into a hole

| ocat ed } ace of material; b5 (b) releasing a fluid
.into the hole whil mer is . located i nptHhe it Erarr re (c)
i npedi ng t\m 'W’W‘mw he fluid fromthe mﬁEﬁACWENE SHEE Enber
t her eby. prl [ ole with the fluid apnd fracturing pflat |east
a portion of the material 10 surrounding the hole 8¢ FEB 1999 [ d)
i npacting the fractured material expaged at the fr¢e . surfacejwth a

bl unt object to fragnment further and renove the § freecturedt-mal efi al from
the free surface, wherein the blunt obj ect cqntacts the free sfirface
with a bl ow energy of at | east about 0.5 kil ojoules. ) 11. The
nmet hod of Cl aim 10, wherein the bl ow frequency is at | east about 1 bl ow
per second. 12. A nmethod for controlled fragnentation of a

mat eri al , conpri si ng: (a) formng a penetrating cone fracture
in the materi al 2t t Feehwevhady of ofkaim fly awbersioh nheeinglct bedaker

(b) thereafter inppoal edt Veraopaedd Agta¥ibh idh H1RbESSlyy randidG EF@St ured

. material at a fr f f Lh teri.al,to fragmént further and
_renove the fractagrglé%%ﬁasﬁgrgi%?wfttr g?ngﬁﬁgwt’ul?sr'ee surface, whereit the bl unt

obj ect contacts the free surface with a blow energy of at |east about
0.5 kil oj oul es. 6. The hithdhecotmilatd Df fGkeher Kdmpyb&iRj:n t he bl ow

fr ?quency is at {Hast.mhQify JSth: O4)PES RRAIEYo remove the fractured

material from the free surface.

(7
s 7. The method of €Claim 1, wherein the blow frecquency of
the jmpact breaker ranges from about 1 blow per second to

about 200 blows per second.

8. .A method for controlled Ifragmentation of a
material, comprising:
{2) inserting a stemwing member of a2 machine into a hole
located in a free surface of the material;
5 (b} reléasing gas into the bottom of the hole located in
: the free surface of the material;
{c) impeding the dissipation of the gas from the hole
with the stemming member to pressurize the hole and cause a
o fracture to propagate from the hole, thereby forming a
\ 10 fractured portion of the material surrounding the hole; and
{d) thereafter impacting the fractured portion with a
sy . blunt object to remove the material in the fractured portion
from the free surface, wherein the blunt object contacts the
fractured portion with a blow energy of at least azbout 0.5
15 kilojoules and a blow frequéncy of at least about 1 blow per
second.

9. The method of Claim 8, wherein the contact area of
the blunt object with the fractured porition ranges from about
500 to about 20,000 mm?.



-4- - a 14. The method of C'di'm 12, wherein the blunt object is
an i npact breaker. 15. The method of O aim 12, ‘wherein the

form ng |ses sealing a high pre ble to
cause ﬂnmm”"ﬂ"m penetrating cone fract EN? E The
met hod of *Cl & ns 1wors wherein the fluid is a gas. 17. A
system for controlled fragnentation of a materi al 0 HaFEBI B8 ufley a
machine for fracturing the materi al b:y pressyrijzing the bott¢mof a
hole in a free surface of the material wth algas—TefTased |nt§Jt_he
hol e, conmprising; 5 (a) a stenmm ng nmenber jnounted on g fir boom
of the machi ne for stemm ng the hole during the release of the gas to
i npede the dissipation of the gas fromthe hole after the rel ease of .
the gas in the hole to pressurize the hole and thereby fracture at
| east a portion of the material 10 surrounding the hole and (b)
an inpact breaker nmounied Rmedh&ERBE dRtESLIRAIERRRBhtatiodl of RenaBAbNe for

i npacting the fra ferial with a bl unt object to inpart a bl ow
energy of at Ieas?g%‘igggg kilojoules to fracture further and renove

the fractured 15 mat &f? a#“ferr&ﬁff‘ﬁr\%“\e?ﬁér Sfr paackine into a holy lopgtedyst em
of Claim1l7, whertmnnm tfteef surdflacansf seecerthl; boons are arti cul at ed.

19. The syst gm of O gn leea\é’@ﬁﬁeai F1h08 SISO RAR eI 1e the member is
located in the hole;
(c) impeding the dissipation of the fluid from the hole
W with the member, thereby pressurizing the hole with the fluid
and fracturing of at 1least a portion of the materizsl
10 surrounding the hole; and
(d) impacting the fractured material exposed at the free
surface with a blunt object to fragment further and remove the
fractured material from the free surface, wherein the blunt

object contacts the free surface with a blow energy of at
least about 0.5 kilojoules. '

11. The method of Claim 10, wherein the blow fredquency
is at least about 1 blow per second.

12. A method for controlled fragmentation of a material,
N comprising: '
\_/ (a) forming a penetrrating cone fracture in the material
at the hole to form a fractured material; and
5 {(b) thereafter repeatedly impacting with a blunt object
the fractured material at a free surface of theg material to

frigment further and remcove the fractured material from the
free surface, wherein the blunt object contacts the free
surface with a blow energy of at least about 0.5 kilojoules.

13. The method of Claim 12, wherein the blow fregquency
is at least about 1 blow per second.



engages ‘a cartri dge I ncl udi ng a gas- generat| ng substance
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the—system of Caim1l7, further

14. The method of Claim 12, wherein the blunt object is
an impact breaker. '

15. The method of Claim 12, wherein the forming step (a)
comprises sealing a high pressure gas in the hole to cause
formation of the penetrating cone fracture.

16. The method of Claims 1 or 10 wherein the fluid is a
gas.

17. A system for controlled fragmentation of a material
that includes a 'machiqe for fracturing the material by
pressurizing the bottom 6f a2 hole in a free surface of the
material ‘with a gas released into the hole, comprising:

(a) a stemming member mounted on a first boom of the
machine for stemming the hole during the release of the gas to
impede the dissipation of the gas from the hole after the
release of the gas in the hole to pressurize the hole and
thereby fracture at least a portion of the material
surrounding the hole and

{b) an impact breaker mounted on a separate second boom
of the machine for impacting the fractured material with a
blunt object to impart a blow energy of at least about 0.5
kilojoules to fracture ' further and remove the <£ractured
material from the free surface.

18. The system of Claim 17, wherein the first and second
booms are articulated. '

19. The system of Claim 17, wherein the stemming member
engages a cartridge including a gas—generating substance.
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20. The system of Claim 17, further comprising a drill
mounted c¢n the first boom with the stemming member.



