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ABSTRACT

A nethed of fracturing a hard compacﬁ material such
as ro:k or concrete, having a hole pre-drilled the the
patevial area to be fractured which includes inserting a
slug «f solid material into the hole to a bottom thereof,
ancd lrpacting the slug with a force sufficiently large to
cauan at least a top portion of the slug to transfer*the
impaut to the sides of salid hole so as to fracture the

surrovnding material.

O
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A METHOD OF FRACTURING ROCK OR SINILAR MATERIAL

BACKIROUND

The present invention relates to a method and
apracnatas for fracturing rock or similar material, in a way
s0 a3 to achieve removal of large pieces of such material,

& conventional method of breaking rock is to drill
into the =rock and set explosive charges to blast awvay
sestions <f rock. Aside from the noise, flying rock
fragaents and debris the drill-and-blast technique is
sozevhat unpredictable and frequently ertails extra cost.
Anothoer technique is that of coring which involves drilling
& hyie in the shape of a cylindrical sleeve and then
inscr:iny tools inte the sleevs-like opening and by
impac:ing the <ools attempting to fracture the central core
of :nclid material. Unfortunately, it is common for the
tools to be#come janmed in the hole or, for the core to break
intc many snall pieces so that removal of the pieces becomes
time -:cnsuning and inconvenient.

U. S§S. Patent No. 99,595 issued Fabruary 8, 1870 to
Robt discloses a technique of filling a drilled hole with
water cr cther liquids, and then inserting a plunger fitted
to work &s tightly as possible above the water, and
subje:ting the plunger to impact forces such as by a hamner
blow. The pressure transmission through the liquid imparts
force cover the side wall and causes fracturing. There is a
practical iimitation of the latter method due to the need to
seal the water at the side wall between the plunger and the
hole. Any leaks reduce substantially the pressure developed

in the l:cuid.

U. S. Patent No. 3,988,037 issued October 26, 1976
dis:loses 2 method similar to Rokb in that a pre-drilled
hele i3 flilled with hydraulic fluid. A piston is then
drivea into the hole at speeds ranging up to several hundred
me<érs por eecond by means of a gqun to impact the fluid and
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causa tensile stress cracks in the material by the
estas.ished pressure. Such techniques are not amenable to
nos-vsertical holes. Moreover, the rapidly moving piston
pr2sants a potential hazard to a user.

. §. Patent No. 3,507,540 issued to Silverman on
April 21, 1970 uses an expandable packer filled with
pressurized hydraulic fluid. A circular channel or kerf is
driiled ard possibly a central hole drilled as well. The
paske:- is inserted into the bottom of the central hole and
tha fluid pressure increased until the core fractures.
Alte-natively, a palr of packers may be inserted into the
ciccu.ar c-annel at diametrically opposite locations and the
pressure then increased until fracturing occurs. The
Silvaman method requires pumps, a tank and piping leading
to ani frcm the pump to the packer. In addition, there is
a limit es to tre forces the walls of the packer can
withs:ansd without rupturing.

?ccordingly, it is an object of the invention to
provide ar improved method of and apparatus for fracturing
rock. It .s a further object of the invention to provide a
method of fracturing and removing large pieces of rock or
other similar materials. It is yet another object of the
inven-icn to provide a method of fracturing rock which is
simplsr, more reliable and less expensive than predecessor

metholis.

SUMMARY OF THE INVENTION

According to the inventlon there is provided a
metroil of fracturing rock and otner similar material in
which & Tole has been pre-drilled in the area to be
fractired which includes inserting into the hole, to the
bctton taereof, an outer slug of solid material and then
impacting <he top of the slug with sufficient force so as to
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fracture tre rock.

Freferably, the outer slug and hole are ¢ylindrical
and the outer slug has a length approximately equal to the
diarater of ths hols.

Advantageously, the force of impact is sufficient to
ex:e2d the yield point of the outer slug material and cause
at ‘east an upper portion of the outer slug to become
fl.:d.zed,

in annular kerf may be drilled using an annular
dr{.1l bit which surrounds the central hole with a core of
rock prior to insertion of and irpacting the top of the
outer slug so that, upon fracturing at least a substantial
portion <f the core defined by the kerf, a transverse plane
at thz2 kottom of the hole is fractured and freed from the

unlerilyirg formation.

The outer slug material may be a soclid malleable
mater.lal.

2 pin may be used to transfer impact to the outer
slug which pin extends at least from an opening of the hols
down 20 a =op of the outer slug when fully inserted and of
a ‘raterial harder than the outer slug and dimensioned to fit
intc :the hole with a diameter not more than 10 § less than

that of the hole.

An inner slug may be {nserted betwee the outer slug
and tae Nhole and be of a material harder than that of the

outer slug.

In another aspect of the invention there may be
provided spparatus for fracturing a hard unitary material
such 1s rock and cement, having a hole formed in an area of
the miterial to be broken, which includes an outer slug of
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solil material having an outer surface conforming to the
inne:- surfice of the hole, and

mears for impacting the outer slug when inserted into the
hole 2t a kottom thereof.

Priferably the impacting means includes an elongated
pin o¢ material harder than the outer slug and extending
from a1 top of the outer slug to a point exterior of the

hole.

Ihe foregoing method and epparatus provides for a
reliible, sirple and predicatable method and apparatus for
crsa:.ng rock fractures. The method and apparatus is a
relaz:.vely convenient, inexpensive nmethod of excavating rock
or cenent in difficult confined locations, of coring such

mate-.alz and of making large slabs.

BRIE® DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the

inven:ion are set forth in the appended clains. The
inven-ion itself, however, as well as other features and

advan:ages thereof, will be best understood by reference to
the datailed description which follows, read in conjunction

with ~=he accompanying drawings, wherein:

Figure 1 is a cross-sectional view of a rock
forra-ion snhowing an annular kerf end a central hole with a
slug ind pin inserted into the hole;

Figure 2 is a cross-secticnal view as in Figure 1
but following impacting pin 14 with a vertical impact force;

Figure 3 is a cross-sectional view of a formation
showiag ar. impact pin and a composite slug assembly;
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Figure 4 is a cross-secticnal view of a formation
with a plurality of holes and a pin and 6lug in one of the

holes’

Fiyure 5 1s a plan view of a formation with a
plira.ity of holes lying in a row in which a fracture in a
plirs Joining the holes is formed by the method of a
praf2'rec aembodiment of the invention;

N

Fijure 6 is a plan view of a formation with a
plaratity »f holes formed in an array;

Flgyure 7 cross sectional view of an excavation for
a kuilding using a preferred embodiment of the present

invea:ion;

Figure 8 is a perspective view partly in section
showiig fracturing and release of & slab of a material; and

Flqure 9 is crose sectional view of a formation
showiig the utilization of a plurality of separate balls of
material rather than a single slug in which the pin is used
to conpress the balls and form a slug in situ;

Figure 10 is a cross-sectional view taken along line AA
of Fijure ., of a rock formation showing an annular kerf and

Lol 4

a central nole with a slug and pin inserted into the hole;
and

fijure 11 is an elevation view partly in section of a
drill and drill bit having a central drill bit and an

arm lar drill bit.
DET? ILEC L ESCRIPTION OF THE INVENTION

Referring to Figure 1 there is shown in cross
section a rock formation 11 having an annular kerf 10 and
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ce~tral ro.e 12 cut into the rock using a drill 66 (Figure
11) navirg a drill bit 61 composed of an annular drill bit
62 andi a central drill bit 60 where the central drill bit
drills to a depth substantially equal to the depth of the
kerf 10. A cylindrical slug 16 of aluminum of a length
aprraimately equal to its diameter and of a diameter
sliga:ly less than that of the hole 12 is inserted into the
hole 12 duwn to the bottom therecof. It is unimportant
whether the slug fits tightly into the hole or not. Next a
long pin 1¢ is inserted into the hole until it contacts the
pin 14. The tolerance of the pin 14 is such that its
diara:er ray be 5 to 10 § smaller than the diameter of the

hole L2.

Finally, as shown in Figure 2 a large impact force
is di-ected vertically down on the top of pin 14 so that it
applize ar impact force to slug 16 which exceeds the yield
poirt of the latter at least in the upper region thereof.
The £lag then acts as a hydraulic fluid and transmits
pressire to the side walls of the ho.e 12. The high
viscosity of the fluid together with the small passageway
arotnd the pin 14 effectively prevents significant reduction
in tha pressure due to leakage. The pressure crasated by the
decel:iration of the pin over a very short distance, which
may ke of <he order of one millineter, is transmitted as
pressire &jainst the side of the hole 12 in the region of
the slug 16. Some extrusion of the slug 16 around the slides
of <h2 pir 14 will occur but because o? the relatively high
viscosity cf the material when extruded, this escape will
not sigrificantly reduce the impact pressure transferred to

the sicées of the hole 12.

- most cases the impacting device (not shown) which
is ¢ppiled to pin 14 need develop only a relatively small
velccity in the region of 2 to 5 reters per second as, for
exaiple, by a simple drop hammer. The slug 16 and pin 14
may ke impacted several times until the rock fractures.
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Provided a sufficiently large impact is effected, the core
fracturses in a transverse plane 20 at its base. It may also
fracture vertically but only to leave relatively large
piecas of :ock which can later be easily removed. By the
forejoing method large cores of rock may be removed without
blast.ng or without the difficult Jjob of attempting to
fracture the core from the annular kerf 10 with chisels and
the l:ke. If the slug 16 fits only locsely in the hole 12,
it will e expanded radially following impact until it
contacts the side wall of the hole 12 after which further
impas:ing will cause the rock to fracture.

Feferring to Figure 3 there is shown a formation in
crass section with a pin 14 inserted into a hole 12 and
contactirg an outer slug 30 of relatively hard but malleable
material . The ocuter slug 30 rests on an inner slug 29 of
muczh softer material. The outer elug 30 can be copper or
aluriium wnile the inner slug 29 can be lead or even rubber.
Impac:ing the pin causes a transverse pressure to be created
against thas sides of the hole 12 along the whole of the
length of 3lug 29. By making slug 29 long, a tendency to
fracture the formation along a vertical plane will be
created. The function of outer pin 20 is to seal the
material of the inner slug 29 and prevent diminution of
pressire through escape of material of slug 29 up the sides
of tna hole upon impact. The outer slug 30 upon impact has
a rediced tendencey to escape between the sides of the slug
30 anl the nolse 12 because of its higher viscosity.

another application of the invention is shown in
Figur2 4 in which an array of holes 22 are drilled in a rock
forrazion. Next the rock is fractured using slug 16 and pin
14 in a plane transverse to the holes 22 at their base, as
in Fijure 2. If the holes 22 lie in a line as in Figure §,
and a contiguration as in Figure 3 1s used, then fractures
27 lying ia the plane thfough the longitudinal axes of the

holes wi.l be created. However, if the array is as shown
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in Fiqure 5, then a configuration with a shorter inner slug
coull be used <o form transverse fractures 26 as in Figure
4, iitercepting nearby adjacent holes proximate the bottom
ther2cf, as well as& fractures 36 through the holes 22 in
orthy¢onal directions. Further application of the technique
in these nearby holes extends the plane of fracturing
trarisveraely until large sections of rock are loosened from
the Icrmation and can be removed,

Cl:arly there are many possible choices of materials
for the s3)igs such as various plastics and harder metals
such as iron and steel. The preferred choice of material
depescie on both the length of hole over which pressure is to
be t.;ensferred and the characteristics of the material to be

frac:iured.

Referring <o Figure 7, there is shown how an array
of hyles drilled horizontally as in Figure 6 can be used to
excavuta a bullding site in a location where blasting is
unac:ceptable.  First a vertical excavation over a limited
ar¢a is carried out down to a desired depth. Next the
ex:avaticn is widened by drilling and impacting an array of
horzizontally directed holes until the boundary of the site

is raiched.

Anather application of the invention is shown in
Figure 3 {mn which a parallel series of holes 34 are drilled
into a kerch of rcck 31 formed on a rock face 33. Such a
benca 31 is formed after several slabs have been removed
fron face :3 from the top down to the level of bench 31, A
horizontal series of holes 32 are also drilled to that they
pase betvean respective ones of holes 34 near the bottonm
th:raof, A composite slug such as 29 and 30 shown in Figure
3 srs inserted into each of holes 32 and 34 and impacted as
previously described with reference to Figure 3. The
longi:udinally extended pressure transferral results in a
fractures 34 and 35 not only in a transverse plane but also
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alorg the plane passing through the set of parallel holes 32
and 14 being fractured. A resultant slab is formed which is
re’iitly defined by the planes through the two sets of holes
32 aw 34,

Relerring to Figure 9 there is shown an alternative
methxl cf fracturing rock utilizing individual pleces of
slug naterial, in this case in the form of balls 50. Pin 14
is usad t¢ compress the balls into a slug defined by the
dimeisions of the hole 12. Further impacting of the slug so
formacl resuits in fracturing of the rock formation.

Acsordingly, while this invention has been described
with referance to illustrative embodiments, this description
is 1nect intended to be construed in a limiting sense.
Varisus mcdifications of the illustrative embodiments, as
well &s other embodiments of the invention, will be apparent
to nersons skilled in the art upon reference to this
descc.ption. It is therefore contemplated that the appended
cla:rts will, cover any such modifications or embodiments as
fal. uwitrin the true scope of the invention,
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I CLAIM:
1, A rethod of fracturing & hard compact material such

as riX or concrete which has a hole pre-drilled in the area
to k2 fractured, comprising:

inzerting a slug of solid material into said hols,
to & bottom thereof; and

{mpacting said slug with a force sufficiently large
to cause uaid slug to transfer the impact by hydraulic
actisn to the sides and the bottom of said hole so as to
fracture macerial surrounding said hole.

2. ». method according to claim 1, wherein said hole and

said slug are cylindrical.

3. 2. nethod according to claim 1, wherein the length of
said siugy .3 approximately equal to its dianmeter.

4. 2 nathod according to claim 1, wherein the force of
impac: is sufficient to exceed the yisld point of the slug
material and cause at least an upper portion of said slug to
beccms fluidized.

5. 4 method according to claim 1, including drilling
an annular kerf so as to surround the hole down to a depth
approximately equal to the depth of the hole prior to

insercion of and impacting the top of said slug so that at
least 2 substantial portion of a core defined by the kerf
and trarsversely by the bottom of the hole is fractured and

fre¢ >f the underlying formation.

6. A method according to claim 1, wherein said slug is

a m:lleabhls sclid material.
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7. A 1ethod according to claim 1, including a pin
ex=eling at least from an opening of said hole down to a

top of sald slug when fully inserted, said pin composed of
a nztarlal harder than said slug and dimensioned to fit
snug.y in said hole.

8. A 1ethod according to claim 1, wherein said slug is
in tie form of pieces of material.

9. A method of fracturing a hard compact material such
as rixk or concrete which has a hole pre~drilled in the area
to k: fractured,comprising:

inzerting first an inner slug and then an outer slug
into sais hole to a bottom thereof, wherein both slugs are
of s5..d material and said outer slug of a harder material
thar. said inner slug; and

impacting said outer slug with a force sufficlently
larg2 to cause sald inner and outer slugs to transfer the
im»as: by aydraulic action to the sides and the bottom of
said hole so0 as to fracture material surrounding said hole.

10. A method according to claim 9, wherein said
inaer and outer slugs are of a malleables solid material.

11, A method of fracturinc a hard unitary material
such as rock and cement, comprising:

<rilling a hole in said material:

inserting a cylindrical slug of solid material into
sald hole;

insarting a pin into said hole which fits snugly
intc a1 hole and extends from an exterior thereof down to

a tcp cf said slug; and
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imgzacting said pin with a force sufficiently large
to caise said slug to transfer the impact Dby hydraulic
actjor tc the sides and the bottom of said hole so as to
frac-ure mater:al surrounding said hole.

12. A method according to claim 11, including
drilling a= annular kerf substantially concentric with said
hole srior to inserting and impacting said slug so that
af-e- impactiny said slug a core of material within said
ke-f is fractured in at least a plane transverse to said
hole betwzen the kerf and the hole at a level of
aprroximately a bottom of said hole.

13, A method according to claim 11 or 12, wvherein
said slug is cylindrical with an outer surface substantially
co~faming to the inner surface of the hole.

14. A method according to claim 11 or 12, wherein
said slug is in the form of individual pieces which, upon
impast: become fused into a piece whose shape is
subszantia.ly defined by the shape of said hole.

15. A method of fracturing a hard unitary material
su=h as rocx and cement, comprising:

dr.lling a hole in said material:

inserting tirst an inner cylindrical slug and then
an ouser cy.indrical slug into said hole, wherein said slugs
are of solid material, and said inner slug is longer than
salc outer slug and has a substantially lower yield point

thar said outer slug;

iraserting a pin into said hole which fits snugly
inte said hole and extends from an exterior thereof down to

a tcp ¢f said outer slug; and

ORIGINA- @
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impacting said pin with a Zorce sufficiently large
to caise st least a top portion of sald outer slug to
trar.3¢er the impact by hydraulic action to the sides and the
bot:t>r: 02 said hole so as to fracture material surrounding

saic leole,

16, A method of fracturing a hard unitary material
such ¢s rozk and cement, comprising:

drilling a plurality of holes in said material
delii.ng a preselected pattern;

inserting a slug of solid material into each of said
holes:

inserting a pin into each of said holes of a size
whica fits snugly into said holes and extends from an
exte:.or thereof down to a top of said slug; and

{mpacting said pin with a force sufficiently large
to ituse said slug to transfer the impact by hydraulic
action to the sides and the bottom of each of said hole so
as t> frzcture material surrounding said hole.

17. A method of fracturing a hard unitary material
suchk 13 rcck and cement, comprising:

drilling a plurality of holes in said nmaterial
def.nirg a preselected pattern;

.rserting first an inner slug and then an outer slug
intc each of said holes, wherein sald plugs are of solid
material, said outer slug being of a material substantially
harce: then said inner slug;
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inserting a pin into each of said holes of a size
#hoch fits snugly into said holes and extends from an
exterior thereof down to a top of said (outer] slug; and

:mpacting said pin with a force sufficlently large
to ciuse siid ilnner and outer slugs to transfer the impact
py hr-éraulic action to the sides and the bottom of said hole
so a3 to fracture naterial surrounding said hole.

18. A method according to claim 17, wherein said
pattar is a first set of vertically directed ones of said
pluralisy =f noles forming a straight 1ine and a second set
ho:-{:cnzally directed ones of said plurality of holes
forming a straight line and terminating proximate bottoms of
sald first set of noles so that following impact sald
ma-e-.al i3 fractured in a vertical plane through sald
vestically directed holes and horizontally through said
no-izontally directed holes.

19. Apparatus for fracturing a hard unitary
macer.al s.ch as rock and cement, having a hole formed in an
ar2a of the material to pe broken, comprising:

a slug of solid material having an outer surface
co-formirg to the inner surface of the hole; and

qeans for impacting sald slug when inserted into
said hole at a bottom thereof so as to impart py hydraulic
action the force of the impact upon the sides and the bottom

of said tole.

20. Apparatus according to clain 19, wherein said
impacting means {ncludes an elongatad pin of material harder
thar said slug and extending from a top of said slug to a

poirt exterior of said hole.
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21. Apparatus according to claim 19, wherein the
mate-jal of said slug is a solid malleable material.

22. Apparatus for fracturing a hard compact
mat:e.-jal such as rock and cement, comprising:

a drill having a central drill bit and an annular
drill bit for forming a central hole and an annular Xerf
conc:tric with said hole down to approximately the said
dept as siid hole;

mal_.eable material capable of being fused upon
impact. sc as to cenform to the interior surface of a hole
dril.ed by said central hole drill bit;

an elongated pin of substantially the same diameter
as si1:.d central drill bit and extending from a top of said
maztec.al, when placed at a bottcom of the central hole, to a
poln: exzerior to the hole; and

rezns for impacting said pin with sufficient force
80 usg to exceed the yield point of said material and
trars’er impact pressure to the side of said hole so as to
fracture said material.

Dated this 16 Day of October 1991.
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