
METHOD AND DEVICE FOR DRILLING, PARTICULARLY PERCUSSION OR  ROTARY
PERCUSSION DRILLING, A HOLE IN SOIL OR ROCK MATERIAL  The present invention
relates to a method for drilling, 5 particularly percussion or rotary
percussion drilling, a  hole in soil or rock material and fixing an
anchorage in  said hole, wherein a borehole is formed by a drill bit
mounted on a drill rod assembly, as well as a device for  drilling,
particularly percussion or rotary percussion 10 drilling, a hole in soil or
rock material and fixing an  anchorage in said hole, wherein a borehole is
formed by a  drill bit mounted on a drill rod assembly. In the context of
the production of a hole or borehole in  15 soil or rock material and the
subsequent fixation of an  anchorage or lining in the borehole, it is, for
instance,  known from WO 98/21439 and WO 98/58132 to introduce an  envelope
tube into the borehole during the drilling  operation, for instance
percussion or rotary percussion 20 drilling, whereupon, after the
completion of the bore, part  of the drill bit is optionally removed from
the borehole  together with the drill rod assembly, while the envelope
tube remains within the borehole such that an anchor will  subsequently be
formed in the borehole by filling a curing 25 mass into 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 its outer periphery so as to
ensure an accordingly good anchoring effect in case the  drill rod assembly
remains within the borehole with  30 subsequent filling. Alternatively, it
is known to remove the drilling tool  together with the drill rod assembly
from a borehole after 



2 _ the production of the borehole, whereupon an anchor or  anchoring means
is subsequently introduced into the  borehole, wherein embodiments are, for
instance, known from  EP-B 0 241 451, US-A 4,490,074, DE-AS 21 05 888, US-A
5 4,310,266, EP-A 0 875 663 and other documents, in which  the, for
instance, pipe-shaped anchorage to be subsequently  introduced is held at a
diameter reduced relative to the  final state by appropriate holding
elements before being  moved or pressed into abutment on the borehole wall
to 10 achieve the desired anchoring effect after having been  completely
introduced into the borehole. That known prior  art, on the one hand,
involves the drawback that the  borehole has to be made in a first method
step, whereupon,  after the removal of the drilling tool along with the
drill 15 rod assembly, the anchoring device is introduced into the
optionally very long borehole in a further method step,  after which
abutment on the borehole wall is accomplished.  It is immediately apparent
that the two separate operating  steps will not only require an accordingly
increased amount 20 of time, but that an optionally subsequent introduction
of  such an anchoring device having a great length will entail
difficulties. Furthermore, it is to be anticipated that the  removal of the
drilling device together with the drill rod  assembly and the subsequent
introduction of an anchoring 25 device is only feasible in comparatively
solid soil or  rock, whereby it must be safeguarded that no material will,
for instance, break into the borehole during the drilling  operation or
after the removal of the drilling tool and  prior to the final introduction
of the anchoring device, 



30 which material would block the borehole and render the  introduction of
the anchoring device no longer possible. 3  The present invention,
therefore, aims to provide a method  and a device of the initially defined
kind, by which it is  feasible with structurally simple means to ensure
temporary  securement already during the drilling operation and a 5
reliable anchorage immediately after the completion of the  drilling
operation. To solve these objects, a method of the initially defined  kind
is essentially characterized in that an anchoring  10 element surrounding
the drill rod assembly is introduced into the borehole in a frictionally
engaged manner, in  particular at a distance from the drill bit, and that
the  anchoring element is expanded after the completion of the  borehole.
Due to the fact that, according to the invention, 15 an anchoring element
surrounding the drill rod assembly is  introduced into the borehole in a
frictionally engaged  manner, it is ensured that a temporary anchoring
effect is  achieved by the friction acting between the outer periphery  of
the anchoring element and the inner periphery of the 20 borehole so as to
ensure, at any time, temporary securement  of the anchor formed by the
anchoring element arranged  thereon and by the drill bit. Due to the fact
that,  according to the invention, the anchoring element is  additionally
expanded into abutment on the borehole wall 25 after the completion of the
borehole, an accordingly safe  and reliable anchoring effect will be
achieved immediately  after the completion of the borehole and, in
particular,  without any additional steps as opposed to the prior art,  



which, after the completion of the borehole, involved the 30 removal of the
drill rod assembly and the drill bit and the  subsequent introduction of an
anchor element including  anchoring elements provided about its periphery.
- 4  For a particularly simple and reliable anchorage of the  anchoring
element after the completion of the borehole, it  is proposed according to
a preferred embodiment that the  drill rod assembly is retracted in the
direction to the 5 anchoring element after the completion of the borehole,
and  the anchoring element is expanded by an expansion element  mounted on
the drill rod assembly on the side of the drill  bit facing away from the
working surface. Due to the fact  that the anchoring element, in accordance
with the 10 invention, is introduced into the interior of the borehole  in
a frictionally engaged manner and, hence, secured in its  position, it is
feasible to retract the drill rod assembly  along with the drill bit out of
the borehole over a length  corresponding to the portion extending between
the drill 15 bit and the anchoring element, whereupon the anchoring
element, by an expansion element mounted on the drill rod  assembly, is
expanded and additionally pressed into  abutment on the borehole. 20 In
order to determine the anchoring effect, or securing  effect, that is
achievable by the anchorage of the anchor  produced by the drill rod
assembly, it is proposed  according to a further preferred embodiment that
the  strength or resistance of the anchorage is checked after 25 the
expansion of the anchoring element, in particular, by  fixing a checking
device to the drill rod assembly on the  



end projecting out of the borehole. Such a check is  feasible in various
ways and allows for conclusions to be  made as to the obtained anchoring
performance and/or the  30 time course or maintenance of the anchoring
effect. If, for instance, due to displacements of soil or rock  layers,
particularly during continued operations in the 5  vicinity of the produced
borehole, shifts in the region of  the anchor and hence, as the case may
be, a reduced  anchoring effect are detected, it is proposed according to
a further preferred embodiment that, during or after the 5 detection of a
reduced resistance of the anchorage, the  drill rod assembly is again
powered up for drilling,  particularly percussion or rotary percussion
drilling, to  increase the length of the borehole. It is, thus, possible
by the method according to the invention, after having 10 provided an
optionally merely temporary anchorage by the  expansion of the anchoring
element, to continue the  drilling operation when detecting an insufficient
or  eventually weakening anchorage effect, by using the drill  rod assembly
located in the borehole as well as the drill 15 bit mounted thereon, and
drive the bore or borehole more  deeply into the soil or rock material in
order to enlarge  the length of the borehole, particularly upon extension
with a suitable additional drill rod assembly element, so  as to thereby
possibly reach layers providing an enhanced 20 anchoring effect. Due to the
fact that the anchoring  element is immediately taken along at a distance
of the  drill bit even when continuing the drilling operation, such  an
enlargement of the length of the borehole by the  



anchoring element, which is again introduced into, and in 25 abutment on,
the inner wall of the borehole in a  frictionally engaged manner, allows
for the temporary  securement, and subsequently the simple fixation, of the
anchoring element by expansion. 30 In order to achieve a possibly higher
anchoring effect or  performance upon completion of the continued drilling
operation, it is proposed according to a further preferred  embodiment that
the anchoring element, after an enlargement - 6  of the length of the
borehole, is expanded to an outer  periphery increased relative to that
resulting from the  first expansion procedure. 5 To solve the objects
mentioned in the beginning, a device  of the above-defined kind is,
moreover, essentially  characterized in that the drill rod assembly, on its
rear  side facing away from the working surface of the drill bit  and, in
particular, at a distance from the drill bit, is 10 surrounded by an
anchoring element whose external dimension  at least partially exceeds the
periphery of the borehole  produced by the drill bit. As already mentioned
above, it  is feasible in a simple manner to provide temporary  securement
within the borehole due to the fact that the 15 anchoring element, whose
external dimension at least  partially exceeds the periphery of the
borehole produced by  the drill bit, is introduced into the interior of the
borehole during the drilling operation in a substantially  frictionally
engaged manner. 20 In order to ensure the reliable introduction into the  



interior of the borehole without causing excessive forces,  of the
anchoring element having an external dimension at  least partially
exceeding the outer periphery of the drill 25 bit, it is proposed according
to a preferred embodiment  that the anchoring element is formed by a pipe
which is, in  particular, slotted in the longitudinal direction and/or by
a pipe having portions of reduced outer periphery. Such a  slotted pipe, or
pipe having portions of reduced outer 30 periphery or reduced external
dimensions, may be slightly  varied in terms of periphery, partially also
for adaptation  to different geological conditions, wherein it will always
be safeguarded that a frictionally engaged abutment will 7 _ exist, at
least over portions, so as to ensure temporary  securement of the anchoring
element during the production  of the borehole. 5 In order to enable the
simple and reliable introduction of  the anchoring element having external
dimensions at least  partially exceeding the outer periphery of the drill
bit,  it is provided according to a further preferred embodiment  that the
anchoring element is formed with a bevel on its 10 end facing the drill
bit. Such a bevel or taper on the end  of the anchoring element facing the
drill bit will, in  particular, prevent jamming or wedging on the inner
wall of  the borehole when introducing the anchoring element during  the
drilling operation. 15 To enable the simple and reliable expansion of the
anchoring element, it is, moreover, proposed that, on the  side facing away
from the working surface of the drill bit,  



an expansion element tapering from the drill bit towards 20 the anchoring
element is provided, which is capable of  being introduced into the
expandable anchoring element  after the completion of the bore, by a
retraction of the  drill rod assembly from the borehole, as in
correspondence  with a further preferred embodiment of the device according
25 to the invention. Such an expansion element tapering  towards the
anchoring element allows for the simple and  reliable entry of the
expansion element into the end region  of the anchoring element facing the
drill bit, whereby the  conical taper or expansion, with the progressive
entry into 30 the interior of the anchoring element, enables an
accordingly progressive expansion of the anchoring element  while pressing
the same against the inner wall of the  borehole. 8  As already indicated
above, it is feasible in the event  that, for instance, a reduced anchoring
effect is  detectable in the course of time, in particular, when 5 carrying
out other operations in the immediate vicinity of  the borehole, to simply
enlarge the length of the borehole  by resuming the drilling operation. In
this context, it is,  in particular, feasible in an accordingly simple
manner to  remove the expansion element conically tapering towards the 10
anchoring element from the anchoring element during  powering-up of the
drill rod assembly and subsequently  perform or continue the drilling
operation via the upstream  drill bit. 15 For the proper and reliable
positioning of the anchoring  element both during the drilling operation
and during the  



expansion procedure in order to achieve the desired  anchoring effect, it
is proposed according to a further  preferred embodiment that a stop
capable of being fixed to 20 the drill rod assembly is provided on the end
of the  anchoring element facing away from the drill bit. Such a  stop
capable of being fixed to the drill rod assembly can,  for instance, be
formed in the manner of a nut or an  annular element provided with a
thread, which, in the event 25 of a drill rod assembly designed with a
thread, can be  fixed to the drill rod assembly in adaptation to the
positioning of the anchoring element to be envisaged. In order to obtain a
simple reduction of the external  30 dimensions of the expanded anchoring
element at an  optionally required continuation of the drilling operation
for increasing the length of the borehole so as to prevent  excessive
frictional forces from being introduced into the 9  inner wall of the
borehole through the anchoring element  during the continued drilling
operation, it is proposed  according to a further preferred embodiment that
the  anchoring element, at least in its end region facing the 5 drill bit,
is formed by a material with memory effect,  which is biased towards a
reduction of the external  dimension. After the removal of the expansion
element from  the anchoring element, the anchoring element will at least
partially, or in its portion facing the drill bit, 10 substantially return
to its original external dimensions so  as to allow for the reliable
introduction of the anchoring  element even during the continued drilling
operation. In order to avoid, during the drilling operation, the  



15 introduction of excessive frictional forces acting against  the drilling
operation through the anchoring element, which  at least partially has a
larger outer periphery or larger  external dimension than the drill bit, it
is proposed  according to a further preferred embodiment that the 20
external dimension of the anchoring element, during the  drilling
operation, exceeds the outer periphery of the  drill bit by a maximum of 10
percent, preferably about 3 to  5 percent. 25 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
depicts a schematic partial section through a first  embodiment of a device
according to the invention for  30 carrying out the method of the
invention, during the  drilling operation;: Fig. 2 is a side view of the
embodiment according to Fig.  2; 10  Fig. 3 is a front view of the drill
bit along arrow III of  Fig. 1; Fig. 4 is a section along line IV-IV of
Fig. 2; Fig. 5 is a side view of the embodiment according to Figs.  5 1 and
2, with the drill rod assembly being retracted for  the at least partial
expansion of the anchoring element;  Fig. 6 is a sectional view through the
embodiment according  to Fig. 5; Fig. 7 is a side view in accordance with
Fig. 2, of a  10 modified configuration of a device according to the
invention for carrying out the method of the invention; and  



Fig. 8 is a section along line VIII-VIII of Fig. 7. In Figs. 1 and 2, a
device for producing a borehole (not  15 illustrated in detail) is
generally denoted by 1, wherein,  on a particularly hollowly designed drill
rod assembly 2, a  drill bit 3 is mounted, which is driven to a rotational
and/or percussive movement for the production of a borehole  (not
illustrated in detail) by a drive means (not 20 illustrated in detail)
contacting the end of the drill rod  assembly 2 projecting out of the
borehole. At a distance from the drill bit 3 is provided an anchoring
element 4 whose outer periphery or outer diameter slightly  25 exceeds that
of the drill bit 3, as is apparent from Figs. 3 and 4, wherein it is shown
that the diameter D(1) of the  drill bit 3 is smaller than the diameter
D(2) of the  anchoring element 4. 30 On the end facing away from the
working surface 5 of the  drill bit 3, an expansion element 6 is, moreover,
mounted  on the drill rod assembly 2 between the drill bit 3 and the
anchoring element 4, said expansion element having a cross - 11  section
tapering or decreasing towards the anchoring  element 4. It is, moreover,
apparent that, on the end of the anchoring  5 element 4 facing away from
the drill bit, a stop comprised,  for instance, of a ring 7 is provided on
the drill rod  assembly 2 to receive the anchoring element 4 in abutment
thereon. 10 For a reliable introduction of the anchoring element 4  during
the drilling operation, the anchoring element 4, on  its end facing the
drill bit 3, comprises a bevel or taper  



8 to enable its simple introduction during the frictional  engagement on
the inner wall of the borehole. 15 From Fig. 4, it is further apparent that
the cylindrical or  pipe-shaped anchoring element 4 comprises a slot 9
extending in the longitudinal direction to prevent the  introduction of an
excessive frictional force as a function  20 of the dimensions of the inner
wall of the borehole. In order not to have to overcome excessive frictional
forces during the introduction of the anchoring element 4,  it is,
moreover, apparent that the external dimension of 25 the anchoring element
4 exceeds the outer periphery of the  drill bit 3 by a maximum of 10
percent, for instance about  5 percent, during the drilling operation, as
is illustrated  in Figs. 3 and 4. 30 Figs. 5 and 6 illustrate how the drill
rod assembly 2 and  the drill bit 3, together with the expansion element 6,
are  retracted in the direction to the anchoring element 4 in  the sense of
arrow 10, opposite to the drilling direction, - 12  after the completion of
a drilling operation, whereby, upon  entry of the expansion element 6
conically widening towards  the drill bit 3, the anchoring element 4 is
accordingly  widened on its end facing the drill bit 3 and brought into  5
an additionally secured position on the borehole wall. If it is detected,
by the aid of a device known per se and  not illustrated in detail, which
is fixed to the end of the  drill rod assembly 2 projecting out of the
borehole in the 10 manner of a clamping nut, that the anchoring performance
or  effect of the at least partially expanded anchoring element  



4 decreases, for instance, on account of rock shifts or the  like, it will
be feasible in a simple manner, by newly  acting upon the end of the drill
rod assembly 2 projecting 15 out of the borehole, to simply remove the
expansion element  from the anchoring element 4 in a sense opposite to the
arrow 10 of Fig. 5, and continue the drilling operation  accordingly via
the drill bit 3. 20 After having obtained a greater borehole length, the
expansion element 6 is again retracted into the anchoring  element 4
together with the drill bit 3, wherein it is  feasible, for instance, in
order to increase the securing  or anchoring effect, to introduce or
retract the expansion 25 element 6 more deeply into the anchoring element
4, beyond  the state illustrated in Figs. 5 and 6, so as to enable an
accordingly greater expansion of the outer periphery of the  anchoring
element 4 in order to achieve an elevated  anchoring effect. 30 The device
1 illustrated in Figs. 7 and 8 uses an anchoring  element denoted by 11,
which, contrary to the embodiment  according to Figs. 1 to 6, is not
provided with a 13  longitudinal slot, but comprises, on its outer
periphery,  portions of reduced diameter or reduced dimension 12, which
will again prevent excessive frictional forces from acting  during the
drilling operation. Also in this embodiment, the 5 portions of the
anchoring element 11 differing from the  portions 12 are designed to have
larger diameters or larger  external dimensions than the drill bit 3. As in
the preceding embodiment, the drill bit 3 and the  



10 expansion element, which is again denoted by 6, after the  completion of
the borehole, are retracted into the end of  the anchoring element 11
facing the drill bit 3 and again  designed with a bevel 8, in order to
expand the anchoring  element 11 and to obtain an accordingly enhanced
anchoring 15 effect. For the positioning of the anchoring element 11, an
annular stop 7 is again provided in the embodiment  according to Fig. 7. To
further promote the reduction of the outer diameter or  20 external
dimensions of the anchoring element 4 or 11,  respectively, particularly
during continued drilling for  obtaining a greater borehole length, it is,
moreover,  feasible to use a material with memory effect, at least in  the
portion facing the drill bit 3, in order to obtain 25 accordingly reduced
outer dimensions after the extension of  the expansion element 6, so as to
prevent excessive  frictional forces from occurring during the continued
drilling operation. 30 The lengths of the anchoring elements 4 and 11,
respectively, as well as their distances from the drill bit  3 and the
expansion element 6 can be chosen as a function  of the respective
conditions by using the stop 7. It is - 14  further apparent from the above
descriptions that excavated  material can be readily removed through the
hollow or  annular space 13 formed between the anchoring element 4 or  11,
respectively, and the outer periphery of the drill rod 5 assembly 2, into a
zone behind the anchoring element 4 or  11, respectively, to which end
appropriate passage openings  are also provided in the region of the stop
7. 



When using a hollow drill rod assembly 2, it is,  10 furthermore, feasible,
in a manner known per se, to  introduce a cooling or flushing fluid into
the zone of the  drill bit 3. Such a central channel 14 provided in the
drill rod assembly 2 will further enable the introduction  of a curable
mass, in particular, after the final 15 completion of the borehole, if
required, especially into  the region of the drill bit 3 as well as the
anchoring  element 4 or 11, respectively, to further enhance the  anchoring
effect. - 15 - Claims: 1. A method for drilling, particularly percussion or
rotary  percussion drilling, a hole in soil or rock material and  5 fixing
an anchorage in said hole, wherein a borehole is formed by a drill bit (3)
mounted on a drill rod assembly  (2), characterized in that an anchoring
element (4, 11)  surrounding the drill rod assembly (2) is introduced into
the borehole in a frictionally engaged manner, in 10 particular at a
distance from the drill bit (3), and that  the anchoring element (4, 11) is
expanded after the  completion of the borehole. 2. A method according to
claim 1, characterized in that the  15 drill rod assembly (2) is retracted
in the direction to the  anchoring element (4, 11) after the completion of
the  borehole, and the anchoring element (4, 11) is expanded by  an
expansion element (6) mounted on the drill rod assembly  (2) on the side of
the drill bit (3) facing away from the  20 working surface. 3. A method
according to claim 1 or 2, characterized in  



that the strength or resistance of the anchorage is checked  after the
expansion of the anchoring element (4, 11), in 25 particular, by fixing a
checking device to the drill rod  assembly (2) on the end projecting out of
the borehole. 4. A method according to claim 3, characterized in that,
during or after the detection of a reduced resistance of  30 the anchorage,
the drill rod assembly (2) is again powered up for drilling, particularly
percussion or rotary  percussion drilling, to enlarge the length of the
borehole. - 16  5. A method according to claim 4, characterized in that the
anchoring element (4, 11) after an enlargement of the  length of the
borehole, is expanded to an outer periphery  increased relative to that
resulting from the first  5 expansion procedure. 6. A device for drilling,
particularly percussion or rotary  percussion drilling, a hole in soil or
rock material and  fixing an anchorage in said hole, wherein a borehole is
10 formed by a drill bit (3) mounted on a drill rod assembly  (2),
characterized in that the drill rod assembly (2), on  its rear side facing
away from the working surface (5) of  the drill bit (3) and, in particular,
at a distance from  the drill bit (3), is surrounded by an anchoring
element 15 (4, 11) whose external dimension at least partially exceeds  the
periphery of the borehole produced by the drill bit  (3). 7. A device
according to claim 6, characterized in that the  20 anchoring element is
formed by a pipe (4) which is, in  particular, slotted in the longitudinal
direction and/or by  a pipe (11) having portions (12) of reduced outer  



periphery. 25 B. A device according to claim 6 or 7, characterized in  that
the anchoring element (4, 11) is formed with a bevel  (8) on its end facing
the drill bit. 9. A device according to any one of claims 6 to 8,  30
characterized in that, on the side facing away from the  working surface
(5) of the drill bit (3), an expansion  element (6) tapering from the drill
bit (3) towards the  anchoring element (4, 11) is provided, which is
capable of 17  being introduced into the expandable anchoring element (4,
11) after the completion of the bore, by a retraction of  the drill rod
assembly (2) from the borehole. 5 10. A device according to any one of
claims 6 to 9,  characterized in that a stop (7) capable of being fixed to
the drill rod assembly (2) is provided on the end of the  anchoring element
(4, 11) facing away from the drill bit  (3). 10 11. A device according to
any one of claims 6 to 10,  characterized in that the anchoring element (4,
11), at  least in its end region facing the drill bit, is formed by  a
material with memory effect, which is biased towards a  15 reduction of the
external dimension. 12. A device according to any one of claims 6 to 11,
characterized in that the external dimension of the  anchoring element (4,
11), during the drilling operation, 20 exceeds the outer periphery of the
drill bit (3) by a  maximum of 10 percent, preferably about 3 to 5 percent.


