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The Invention relates to a method and a device for drilling, more particularly for percussion drilling or rotary percussion drilling, a

hole In ground or rock material and for forming an a
According to the invention, the boring rods of the borin

nchoring, wherein a borehole Is formed by introducing a bore-crown (2).
g device are configured by at least one expandable element (3, 4) having a

cavity extending substantially in longitudinal direction of the boring for introducing a pressurized fluid so as to at least partly expand
the outer periphery of the expandable element (3, 4) and/or the boring rods are connected to at least one expandable element

(3, 4) having a cavity extending substantially in longitudi
the outer periphery, whereby a secure anchoring car

nal direction of the boring for introducing a pressurized fluid so as to expand
be achieved with a simplified construction by expanding the expandable

element (3, 4) over the entire periphery and length of tr
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In a method and device for dralling, 1n particular impact

b |

drilling or rotary percussion drilling, a hole in soil or rock

material and forming an anchorage in said hole, wherein a bore

hole 1is formed by the introduction of a drill bit (2), it 1is

provided that the drill rod assembly of the drilling device 1is
comprised of at least one expandable element (3, 4) having at
least one hollow space extending substantially 1n the
longitudinal direction of the bore for introducing a fluid under
*pressure to at least partially widen the outer periphery of the

expandable element (3, 4), and/or the drill rod assembly is

connected with at least one expandable element (3, 4) each
including at least one hollow space substantially extending in
the longitudinal direction of the bore for introducing a fluid
under pressure to widen the outer periphery, thus ensuring a
safe anchorage by the expansion of the expandable elements (3,
4) both over the periphery and over the length of the device at

a simplified overall construction. (Fig. 1)
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ROCK BOLTS WITH EXPANDABLE ELEMENT

- - s gy

The present invention vrelates to a method for drilling, in

particular impact drilling or rotary percussion drilling, a hole

S

1n soil or rock material and forming an anchorage in saild hole,

wherein a bore hole 1s formed by the introduction of a drill

bit, wherein, upon completion of the bore hole, a fluid under

pressure 1s i1ntroduced 1into at least one hollow space extending

subgtantially 1n the longitudinal direction of the bore, of at
least one expandable element of the drill rod assembly, or into
at least one hollow space of at least one expandable element

connected with the drill rod assembly, to at least partially

widen the outer periphery of said expandable element (s) powered

with the fluid, in abutment on the bore hole wall. The invention

L1

"urther relates to a device for drilling, 1n particular impact

drilling or rotary percussion drilling, a hole in soil or rock

material and forming an anchorage, wherein a bore hole 1s formed

by the introduction of a drill bit, wherein the drill rod

assembly of the drilling device 1s comprised of at least one

expandable element having a hollow space extending substantially

in the longitudinal direction of the bore and provided for the

introduction of a fluid under pressure to at least partially

widen the outer periphery of said expandable element, and/or the
drill rod assembly 1is connected with at least one expandable

element each including a hollow space extending substantially in

the longitudinal direction of the bore and provided for the

introduction of a fluid under pressure to wlden sald outer

periphery.

In the context of the production of a hole or bore hole in soil

-
—+a

or rock material and the subsequent formation or fixation of an

anchorage or lining in the bore hole, 1t 1is known, for instance,
from WO 98/21439 and WO 98/58132 to introduce a jacket tube 1nto

the bore hole during the drilling procedure, for instance 1impact
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drilling or rotary percussion drilling, whereupon, after
completion of the bore, part of the drill bit is optionally

removed from the bore hole together with the drill rod assembly,

while the jacket tube remains within the bore hole such that an
anchor will subsequently be formed within the bore hole by
filling a curing mass 1nto the same. According to the
configuration set out in WO 98/58132, the drill rod assembly may

be provided with additional ribs and grooves on 1its outer

periphery so as to ensure an accordingly good anchoring effect
in case the drill rod assembly remalins within the bore hole,

‘which is subsequently filled.

A method and a device of the type mentioned above can be taken

from WO 91/06713 or DE-A 40 24 869, for example, aiming at

performing specilal drilling and injecting operations.

Alternatively, 1t 1s known to remove the drilling tool together

with the drill rod assembly from a bore hole after the
production of the bore hole, whereupon an anchor or anchoring

means 18 subsequently introduced 1nto the bore hole, it being

referred, for instance, to EP-A 0 079 875, EP-B 0 047 727, EP-BR

0 207 030, EP-B 0 016 742, EP-A 0 077 762, WO 97/31177, EP-A O

112 316, WO 91/06713, DE-A 40 24 869, WO 00/7548%9, DE-A 31 11

673 or US-A 4 636 115. In that Kknown prior art, after the

completion of a bore hole and subseguent removal of the drilling

device, expandable anchoring elements are 1introduced 1nto the

bore hole, which are held at a reduced diameter relative to the
bore hole during thelr introduction 1nto the bore hole,
whereupon, after the complete introduction i1into the bore hole,
expandable partial regions of the anchoring device, which are

folded during the introduction or generally reduced in terms of

CYroOSS section, are expanded. That known prior art, in
particular, involves the drawback that the folded regions do not

readily enable the uniform expansion of the anchoring device and
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hence the centered positioning of the anchoring device,
particularly where a plurality of adjacently arranged anchoring
elements are provided. That known prior art, furthermore,
involves the disadvantage that a bore hole has to be made in a

gl

first method step, whereupon, after the removal of the drilling

tool plus drill rod assembly, the anchoring device is introduced
into the optionally wvery long bore hole in a further method
step, after which an abutment on the bore hole wall 1s to be

enabled by widening the outer diameter o©f the anchoring device.

It 1s immediately apparent that the two separate operating steps

‘not only require accordingly more time, but that the subseguent

i
—

introduction of such an anchoring device having a great length

may entail problems. Furthermore, 1t 1s to be anticipated that

the removal of the drilling device together with the drill rod

assembly and the subsequent introduction of an anchoring device
is feasible only 1n comparatively solid soil or rock, where it

must be safeguarded that no material will pbreak into the Dbore

hole, for instance, during the drilling procedure or after the
removal of the drilling tool and prior to the final 1ntroduction

of the anchoring device, which would cause a blockage of the

bore hole, thus impeding the introduction of the anchoring

device.

Moreover, it 1is, for instance, known to arrange socalled packers

about the outer periphery of the drill rod assembly of a

drilling device, which upon completion of the Dbore enable an

expansion 1into abutment on the bore hole wall over a short

partial region, thus opposing the extraction or removal of the

J.

drill rod assembly from the bore hole. It 1s, however, not
feasible by means of such packers to obtain a reliable anchoring
effect aimed to stabilize the surrounding soll or rock material,
particularly where a plurality of anchors to be adjacently

arranged are provided, so that additional anchoring means such
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as, for 1instance, the application of a curing material will

optionally have to be provided.

Departing from the prior art mentioned 1n the beginning, the

present invention aims to provide a method as well as a device
of the initially defined kind, which enable the formation of an
anchorage upon completion of a bore hole, particularly with a
view to stapllizing the surrounding soil or rock material, at a
simplified overall construction and, 1n particular, reduced time

expendltures.

To solve these objects, a method of the 1nitially defined kind

1s essentially characterized in that a plurality of mutually

separated expandable elements having hollow spaces are provided
about the periphery and/or 1length of the bore hole to be

produced, to widen said outer periphery. Due to the fact that at

least one element expandable by the i1ntroduction of a fluid 1is
placeable in abutment on the bore hole wall after completion of
the bore hole, 1t 1s ensured that in a single operation step
immediately upon completion o©f the Dbore and, 1in particular,
without removal of the drilling device from the bore hole, an
anchorage and stabilization of the surrounding soil or rock

material are feasible, whereby the expandable element may have

an accordingly large  length, thus providing a reliable
anchorage. At least one expandable element 1s, thus, introduced
along with the drill rod assembly immediately upon formation of
the bore hole, or the drill rod assembly 1is formed by an at
least partially expandable element, such that a proper anchorage
will be obtained after completion of the bore hole at a
simplified overall construction. In order to provide said
anchorage, at least the outer periphery or outer contour o©f the

at least one expandable element 1s at least partially expanded

or enlarged so as to enter into abutment on the wall of the bore

hole. By providing a plurality of expandable elements about the
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periphery of the bore hole to be produced and/or its length
according to the i1invention, a uniform introduction of force both

about the periphery and over the length of the bore hole, and

hence an accordingly safe anchorage, will be achieved. It will

be feasible, particularly when providing a plurality of

expandable elements about the periphery of the bore hole, to
maintain the centered arrangement of the drilling device 1in the
completed Dbore hole while simultaneously  expanding the
expandable elements, and hence to even out the force

introduction into surrounding soll or rock material.

In order to properly fi1x the expandable elements to one another

or to a central drill rod assembly, respectively, as well as

secure the proper expansion of the expandable elements, 1t 1is,
moreover, provided 1n a preferred manner that a plurality of

expandable elements each having a hollow space are fixed,

particularly welded each over a portion of their lengths, to one

another or to a central drill rod assembly, respectively. Since

the expandable elements must be made accordingly resistant and,
in particular, of a metallic material, especially where they
directly constitute the drill rod assembly, 1t 1s apparent that
accordingly large forces must be 1ntroduced to expand the
expandable elements so as to ensure the proper fixation of the

elements to one another and/or the drill rod assembly.

In order to extend the drilling device so as to enable the

formation of bore holes having great lengths, 1t 1s known to

respectively connect appropriate rod assembly elements, wherein

it 1s preferably proposed 1in connection with the present

invention that the drill rod assembly comprising the expandable
elements, and/or the expandable elements forming the drill rod
assembly, are extended via connection elements through which the
fluid for expanding the expansion elements 1s conducted, such

connection elements safeguarding that the fluld to be introduced
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into the expandable elements after completion of the bore will

be safely introduced into the plurality of expandable elements.

As pointed out above, accordingly resistant expandable elements

are to be provided, 1in particular, 1f the expandable elements

directly constitute parts ¢f the drill rod assembly, wherein, in

order to ensure the proper expansion of the elements in abutment

on the surrounding soll or rock material upon completion of the
bore, fluid under high pressure 1s to be 1introduced, it being
contemplated according to another preferred embodiment that the

fluid is introduced into the interior or hollow spaces of the

expandable elements at a pressure of at least 100 bar and, in

particular, at least 150 bar.

In addition to the 1ntroduction of a fluid under pressure for

expanding the elements upon completion of the bore so as to form

an anchorage, it 1s generally known, during a drilling

-

operation, to introduce into the region of the drill bit a fluid

for flushing and/or cooling the drill bit and optionally also

hauling excavated material, 1t belng proposed 1in the context of

the present invention that a fluid for cooling and/or flushing
the drill bit is introduced i1nto the region of the drill bit wvia

the drill rod assembly or a duct during the drilling operation,

as 1in correspondence with a further preferred embodiment of the

method according to the invention.

To solve the objects set out in the beginning, a device of the

initially defined kind, moreover, 1s essentially characterized

in that a plurality of mutually separated expandable elements

having hollow spaces are provided about the periphery and/or
length o©of the bore hole to be produced, to widen said outer
periphery. As already pointed out above, it 1s feasible to
ensure a safe and reliable anchorage within the Dbore hole by

providing a plurality of expandable elements upon completion of
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the bore while 1ntroducing a fluid under pressure into said
expandable elements, whereby the subsequent insertion of an
anchor may be obviated. When providing expandable elements that

extend over an accordingly large partial region of the length of

the bore, it 1s moreover feasible to obtain a safe anchorage and

stabilization of the surrounding soil or rock material.

In order to even out the anchoring effect and to safeguard the
anchorage over a large length, 1t 1s provided according to a
further preferred embodiment that a plurality of expandable
elements for the formation of the drill rod assembly are
connected with one another at least over a portion of their
lengths and, 1n particular, welded with one another 1in
contiguous rim regions. The fixation of several expandable

elements to one another, or to a drill rod assembly, at least

over ©partial regions of their lengths enables the safe

introduction of the drilling device, wherein accordingly large

forces have to be transmitted to introduce the drilling energy,
what calls for a reliable connection of the individual elements

to one another.

According to another preferred empbodiment, it 1s proposed that a
plurality of expandable elements are fixed, particularly welded
over a length portion, to a central drill rod assembly, whereby
the safe fixation o©of the expandable elements to the drill rod

assembly will be achieved during the drilling procedure. By

providing a plurality of expandable elements, 1t 1s moreover
ensured during the subsequent anchorage and expansion that the

drill rod assembly will remain 1n 1its mid or central position,

thus providing a reliable anchorage effect.

As already indicated above, 1t 1s KkKnown, particularly when
forming bore holes of great lengths, to extend respective rod

assembly parts of the drilling device, wherein it 1s preferably
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proposed according to the present 1nvention, with a wview to

introducing the fluid 1intended for the expansion of the

expandable elements upon completion of the bore, that the drill

rod assembly and the eXxpandable elements, or the expandable

elements forming the drill rod assembly, are extendable by

connection elements comprising passages for conducting

therethrough the fluid 1ntended to widen the expandable

ealements.

In order to safely fix the expandable elements to the connection
'elements, 1t 18 proposed according to a further preferred
embodiment that the connection elements partially overlap the
consecutively arranged eXpandable elements, particularly by
projections, and are connected, particularly welded, with the
expandable elements. Such  connection element reglons oY

projections partially overlapping the expandable elements serve

to properly fix the expandable elements to the connection

element and/or to one another.

As already 1indicated above, a plurality of expandable elements

are provided for the formation of a uniform or central anchorage
about the periphery of the bore to be produced, wherein 1t 1is

proposed in this context, according to a further preferred

embodiment, that, 1in the peripheral direction, at least three
expandable elements are provided for the formation of the drill
rod assembly or are connected with a central drill rod assembly,
respectively. When providing at least three expandable elements,
it i1s not only feasible to properly and reliably 1ntroduce the

forces to be transmitted onto the drill bit for the formation ot

the bore, but i1t 1s also safeguarded during the expansion

process that an accordingly central positioning of the anchor,

and hence a uniform stabilization of the surrounding soil or

rock material, will be achieved.
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In order to obtain a reliable expansion, and hence abutment on

the wall of the bore hole, even wilith accordingly resistant

materials constituting the expandable elements, 1t 1S
contemplated according to another preferred embodiment that the
expandable elements are sickle-shaped 1in a cross section normal
to their longitudinal direction. Such sickle-shaped tubular
elements can be produced by simple tools with the appropriate
contour and strength and, 1i1n the following, will enable the
simple fixation to one another or to a central drill rod
assembly, respectively, thus ensuring a favorable adaptation to

the subseguent expansion at an accordingly reduced application

of the force to be introduced by the fluid.

According to another preferred embodiment, 1t 1s proposed that
the expandable elements are connected with one another, or fixed

to a central drill rod assembly, by partial regions extending

substantially radially outwards or projecting radially outwards,
it being is contemplated 1n this context, according to a
particularly preferred embodiment, that the expandable elements
exhibit or define a star-shaped contour 1n a plane extending

normal to the longitudinal direction of the bore hole. Such a

configuration allows for the reliable introduction of the forces
required for the production of the bore, whereby proper
centering within the bore hole 1s feasible already durilng the
drilling operation on account of the stellate contour, while the

central or mid position can 1likewise be maintained by said

expansion.

In order to enable the flushing and/or cooling of the drill bit
and optionally also the haulage of excavated material, 1t 1s
proposed according to a further preferred embodiment that a
fluid for cooling and/or flushing the drill bit 1s capable of
being introduced into the region of the drill bait through the

drill rod assembly or a duct during the drilling operation.
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In order to ensure the proper fixation of the drill bit to the

element forming the drill rod assembly, 1t 1is, moreover,

provided in a preferred mannexr that the drill bit is fixed to
the drill rod assembly or the expandable elements forming the

drill rod assembly, respectively, by welding, screwing or the

like.

In the following, the invention will be explained in more detail
by way of exemplary embodiments schematically illustrated in the

‘accompanying drawing. Therein:

Fig. 1 1s a schematic side view of a first embodiment of a
device according to the invention for carrying out the method of
the 1nvention;

Fig. 2 1s a side view of a modified embodiment of a device
according to the invention in a perspective i1illustration;

Fig. 3 1s a partially sectioned side view on an enlarged scale,

of a connection element used to extend a drill rod assembly as

well as the expandable elements of a device according to the

invention;

Fig. 4 depicts sectional views of the embodiment according to

Fig 3, Fig. 4a being a section along line IV-IV of Fig. 3, Fig.

4b being a section similar to that of Fig. 4a with additional
contour lines illustrating a partlal expansion of the expandable

elements at a distance from the sectional line IV-IV of Fig. 3,

and Fig. 4c being a section through the expandable elements

after completion of the expansion process; and

Fig. 5 depicts different embodiments of the arrangement of

expandable elements of devices according to the i1nvention 1in

illustrations similar to that of Fig. 4a.

In the schematic representation according to Fig. 1, a drilling
device 1s generally denoted by 1, wherein a drill Dbat

schematically indicated at 2 1s fixed to a drill rod assembly
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comprised of several 1individual parts 3 and 4, said individual

rod assembly parts 3 and 4 beiling connected or extended by a

connection element schematically 1indicated by 5, a detailed

configuration being more clearly wvisible 1n Fig. 3.

—r

As 1s apparent from the following representations, the rod
assembly parts 3 and 4 are comprised of a plurality of
expandable elements, or a plurality of expandable elements are
provided around a central drill rod assembly, wherein a means
not 1llustrated in detail engages at an end denoted by 6 to

*introduce the drilling and impact energy intoc the drill bit 2.

As 1s schematically 1indicated 1in Fig. 1, the expansion of
expandable elements into the positions indicated by broken lines

3’ and 4’ 1s effected upon completion of the bore hole about the

periphery and also over the length of the drilling device 1 such
that, by expanding at least the outer periphery or outer
contour, both the stable anchorage of the drilling device 1 1in

the bore hole not i1llustrated 1n detail and the stabilization of

surrounding soi1l or rock material will altogether be obtained.

Fig. 1, moreover, 1indicates that, both in the region of the
connection element 5 and the terminal end 6 and in the region ot
the fixation of the rod assembly parts 3 and 4 to the drill bait
2, the fixation of the expandable elements or, 1n general, rod
assembly parts 3 and 4, which are shown 1in detail 1in the
following Figures, both to each other and to the connection
element 5, the terminal element 6 as well as the drill bit 2 1is

cach effected over a partial region 7 such that in those partial

regions 7 a safe fixation will be realized, which 1s able to

resist any expansion even during the i1ntroduction of a fluid
under high pressure, for instance a pressure of at least 100

bar, into the interior of the expandable elements, and an
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overall barrel- or cushion-shaped outer contour 3/, 4’ will be

obtained upon expansion for the formation of the anchorage.

From the illustration according to Fig. 2, 1t 1s apparent that

substantially semicircular eXpandable elements 9 are provided on
a central drill rod assembly 8, which 1s connected with the
dr1ll bit again denoted by 2, wherein the expandable elements 9
are fixed, for 1instance welded, with the drill rod assembly via
partial regions agaliln denoted by 7, in the region of the

connection both to the drill bit 2 and a connection element

wagain schematically indicated by 5. Within the connection

element 5 according to Fig. 2, an entry opening is indicated at

10, which enables the introduction of fluid under pressure into

the expandable element 9 as 18 more clearly apparent

particularly from the 1llustration according of Fig. 3, so that

pulby
e

an expansion of the expandable elements 9 for the formation of

an anchorage willl again be feasible upon completion of the bore.

As already 1ndicated above, Fig. 3 depicts the region of a

connection element 5 1n detail. A first connection element 11 1is
fixed and, in particular, welded to a plurality of expandable
elements 12 with projections 13 at least partially overlapping
the expandable elements 12, as 1s also clearly apparent from the

sectional representation according to Fig. 4a. The connection

element 11 comprises an internal thread 14 into which a second

connection element 15 can be screwed via a matlng external

thread 16, whereby also the second connection element 15 1s

designed to comprise appropriate projections 13 1n order to

again overlap expandable elements 12 at least partially.

In the end regions of the expandable elements 12 as well as 1n
the connection elements 11 and 15, respectively, are provided
passages or passage channels 17 which run into the hollow spaces

18 of the expandable elements 12. In addition, these passages

-
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run 1nto a connection channel or passage 19 formed within a
bushing- or sleeve-shaped element 20 surrounding or encompassing

the region of connection of the connection elements 11 and 15.

As 1s indicated by arrows 21, the introduction of a fluid under

ap—

pressure 1into all of the hollow spaces 18 of the adjoining

expandable elements 12 1s feasible via passages 17 and 19 so as

to cause the expansion o0f the expandable elements 12 upon

completion o©of a bore by the introduction of said fluid under
pressure, for instance under a pressure of at least 100 oxr 150

bar.

As 1s apparent from the illustrations according to Fig. 4, no

central drill rod assembly 1s provided 1n this embodiment, the

drill rod assembly being comprised of three expandable elements
12 each designed in a sickle-like manner, wherein the expandable
elements are connected and, 1n particular, welded with the
overlapping partial regions 13 1in the region of the connection
elements 11 and 15, xrespectively, as 1s each indicated by 22 1in
Figs. 4a and 4b. Moreover, also the expandable elements 12 are
connected with one another at least over partial regions of

their lengths wvia additional welding points 23.

In Fig. 4, it is, furthermore, indicated that an additional duct
24 intended to introduce a fluid into the drill bit for cooling

or flushing of the same is provided 1in the free space left

between the elements 12.

In the illustration according to Fig. 4b, 1t 1s schematically

indicated how an expansion, upon introduction of a fluid under

pressure, into the positions denoted by 12/ and 127,
respectively, 1s feasible in partial reglons at distances from

rhe connection elements 11 and 15, respectively, and, 1in
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particular, at distances from the projections 13 partially

overlapping the expandable elements 12.

From the illustration according to Fig. 4c, it 1s apparent how

the expanded elements 12 will abut on the bore hole wall 25

after completion of the expansion procedure 1in partial regions

at larger distances from the connection elements 11 and 15,
respectively, with an accordingly central or mid positioning

becoming feasible by providing three expandable elements 12

about the periphery of the bore hole, thus also enabling an

‘accordingly uniform introduction of forces into the surrounding

soll or rock material 26 as well as a uniform stabilization of

the gsame.

The schematic 1llustrations according to Fig. 5 depict further

modified embodiments, the configuration according to Fig. 5a

comprising two expandable elements 28 each provided on a central

drill rod assembly 27. Again, substantially sickle-shaped

expandable elements 28 are employed, which, upon completion of

the bore, enable the expansion and accordingly reliable abutment

on the bore hole wall again denoted by 25, and hence a reliable

anchorage, by the introduction of fluid under pressure. By

providing two eXxpandable elements 28 in a peripherally

distributed manner, 1t 1s safeguarded upon eXxpansion that the
dril]l rod assembly 27 will keep 1ts central position such that,

particularly when providing a plurality of adjacently located

bore holes 25, an accordingly uniform anchorage and
stabilization of the surrounding soil or rock material will be

safeguarded over the respective surfaces.

Both in the embodiment according to Fig. 5a and in the other

embodiments schematically illustrated in Fig. 5, it is provided
as 1n the preceding embodiments that expandable elements are

connected, particularly welded, with one another, or with a
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central drill rod assembly, over at least partial regions of

their lengths and that an expansion each over a partial length
region results in a barrel- or cushion-shaped outer contour, as

is schematically 1i1ndicated 1n Fig. 1. An extension aimed to

achieve large drilling lengths 1s again effected by means of

appropriate connection elements, as 1S schematically

_—

illustrated, for instance, 1in Fig. 3.

In the configuration according to Fig. 5b, agaln two expandable

elements 29 are employed, wherein, as 1n contrast to the

embodiment according to Fig. 5a, no central drill rod assembly

1s, however, provided such that the eXxpandable elements 29,
which are connected with one another over at least partial

regions by a welding site each 1indicated at 30 will also assume

the function of the drill rod assembly with a wview to

introducing the drilling or impact energy.

After completion of the bore, a fluid under pressure 1s again
introduced into the hollow gspaces 18 o0f the expandable elements

29 to cause the latter to abut on the bore hole wall 25 so as to

provide an anchorage.

In the embodiment according to Fig. 5c¢, a central drill rod
assembly 31 1s again used, wherein three expandable elements 32
are provided in a peripherally distributed manner, which, 1in a
manner similar to the embodiment according to Fig. 4a, are

formed with outwardly protruding projections, thus again

defining a substantially star-shaped external cross section. As
is apparent from this illustration, the eXxpandable elements
cause the drill rod assembly 31 to be centered already during
the drilling procedure by abutment on the Dbore hole wall 25,
centering and abutment on the bore hole wall 25 Dbeing

subsequently maintained and ensured upon completion of the bore
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and 1introduction of a fluid under pressure into the hollow

spaces 18 of the expandable elements 32.

In a manner similar to the embodiment according to Fig. 5c, four

expandable elements 32 each 1ncluding an outwardly protruding

terminal region are symmetrically arranged on the central drill

rod assembly 31 1n the embodiment according to Fig. 5d, whereby

centering on the bore hole wall 25 1s (feasible during the

drilling ©operation and an accordingly safe and centered

anchorage 1s attainable after expansion.

In all of the embodiments according to Fig. 5, an additional

duct for the introduction of a flushing or cooling fluid may be
provided in the central region or center, or the central drill
rod assembly 27, 31 may be directly used as a passage Cross

section for the introduction of a flushing or cooling fluid into

the region of the drill bait.
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Clai[n__s_

L i Laaman

1. A method for drilling, 1n particular impact drilling or

rotary percussion drilling, a hole 1in soil or rock material and

forming an anchorage 1n sald hole, wherein a bore hole i1s formed

by the introduction of a drill bit (2), wherein, upon completion

of the bore hole, a fluid under pressure 1s 1introduced into at
least one hollow space (18) extending substantially 1in the
longitudinal direction of the bore, of at least one expandable
element (3, 4, 12, 29) of the drill rod assembly, or into at
least one hollow space of at least one expandable element (9,
28, 32) connected with the drill rod assembly (8, 27, 31), to at
least partially widen the outer periphery of said expandable

element (s) powered with the fluid, 1n abutment on the bore hole

wall, characterized in that a plurality of mutually separated
expandable elements (3, 4, 12, 29, 9, 28, 32) having hollow

spaces are provided about the periphery and/or 1length of the

bore hole to be produced, to widen said outer periphery.

2. A method according to claim 1, characterized in that a

plurality of expandable elements (9, 28, 32) each having a

hollow space are fixed, particularly welded each over a portion

of their lengths, to one another or to a central drill rod

assembly (8, 28, 31), respectively.

3. A method according to claim 1 or 2, characterized in that the
drill rod assembly (8, 27, 31) comprising the expandable
elements (9, 28, 32), and/or the eXxpandable elements (12, 29)

forming the drill rod assembly, are extended vilia connection

elements (5, 11, 15) through which the fluid for expanding the

expansion elements 1s conducted.

4. A method according to claim 1, 2 or 3, characterized 1in that

the fluid is 1introduced into the interior or hollow spaces of
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the expandable elements (3, 4, 12, 29, 9, 28, 32) at a pressure

of at least 100 bar and, in particular, at least 150 bar.

5. A method according to any one of claims 1 to 47 characterized
in that a fluid for cooling and/or flushing the drill bit (2) is
introduced into the region of the drill bit (2) wvia the draill
rod assembly (8, 27, 31) or a duct (24) during the drilling

operation.

6. A device for drilling, 1n particular 1impact drilling or

rotary percussion drilling, a hole 1n soil or rock material and

forming an anchorage 1in said hole, wherein a bore hole 1s formed

by the introduction of a drill bit (2), wherein the drill rod

assembly of the drilling device 1s comprised of at least one

expandable element (3, 4, 12, 29) having a hollow space (18)

extending substantially 1n the longitudinal direction of the
bore and provided for the introduction of a fluid under pressure
to at least partially widen the outer periphery of said

expandable element (3, 4, 12, 29), and/or the drill rod assembly

(8, 27, 31) 41s connected with at least one expandable element

(9, 28, 32) each including a hollow space (18) extending

substantially in the longitudinal direction of the Dbore and

1

provided for the introduction of a fluid under pressure to widen

said outer periphery, characterized 1in that a plurality of
mutually separated expandable elements (3, 4, 12, 29, 9, 28, 32)
having hollow spaces are provided about the periphery and/or

length of the bore hole to be produced, to widen saild outer

periphery.

7. A device according to c¢laim 6, characterized 1in that a

plurality of expandable elements (12, 29) for the formation of

the drill rod assembly are connected with to one another at

least over a portion of their lengths and, in particular, welded

with one another in contiguous rim reglions.
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8. A device according to claim 6 or 7, characterized in that a

plurality of expandable elements (9, 28, 32) are fixed,

particularly welded over a length portion, to a central drill

rod assembly (8, 27, 31).

9. A device according to any one of claims 6 to 8, characterized
in that that the drill rod assembly (8, 27, 31) and the
expandable elements (9, 28, 32), or the exXxpandable elements (12,

29) forming the drill rod assembly, are extendable by connection

elements (5, 11, 15) comprising passages (10, 17, 19) for

conducting therethrough the fluid 1ntended to widen the

expandable elements (9, 12, 28, 28, 32).

10. A device according to claim 9, characterized 1n that the
connection elements (11, 15) partially overlap the consecutively
arranged expandable elements (12), particularly by projections
(13), and are connected, particularly welded, with the

expandable elements.

11. A device according to any one of c¢claims 6 to 10,

characterized 1n that, 1n the peripheral direction, at least

three expandable elements (12, 32) are provided for the

formation of the drill rod assembly or are connected with a

central drill rod assembly (31), respectively.

12. A device according to any one of c¢laims 6 to 11,

characterized in that the expandable elements (9, 12, 28, 29,

32) are sickle-shaped 1n a cross section normal to their

longitudinal direction.

13. A device according to any one of <c¢claims 6 to 12,
characterized 1in that the expandable elements (12, 32) are

connected with one another, or fixed to a central drill rod
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assembly, by partial regions extending substantially radially

outwards or projecting radially outwards.

14, A device according to c¢laim 13, characterized in that the
expandable elements (12, 32) exhibit or define a star-shaped

contour 1in a plane extending normal to the longitudinal

direction of the bore hole (25).

15. A device according to any one of claims 6 to 14,

characterized in that a fluid for cooling and/or flushing the

drill bit (2) is capable of being 1introduced 1into the region of

the drill bit through the drill rod assembly (8, 27, 31) or a
duct (24) during the drilling operation.

16. A device according to any one of claims 6 to 15,
characterized 1in that the drill bit (2) 1is fixed to the drill
rod assembly (3, 8) or the expandable elements (12) forming the

drill rod assembly, respectively, by welding, screwing or the

like.
Fetherstonhaugh

Ottawa, Canade
Patent Agents
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