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(57) Abregée/Abstract:

The Invention provides an injection bolt (1) for use In securing a rock mass (9) having: a shaft (2) for insertion into a hole in the rock
mass which shaft has a profile (11,12) and forms a profiled internal bore (5) which bore has an inlet suitable for connection to an
anchoring material pump and an outlet (4) for injecting anchoring material into the hole in the rock mass; and a static mixer (10) for
mixing multiple components of the anchoring material; wherein the internal bore comprises the static mixer which Is fixed in place
by the profile; and a method for its production.
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1
INJECTION BOLT WITH A FIXED STATIC MIXER

[01] The invention provides an injection bolt with a fixed static mixer

and a method for its production.

[02] Injection bolts having a static mixer are known, for example, from
DE 100 17 750 Al. These injection bolts are used primarily as rock bolts
for stabilising rock mass in mines in the vicinity of galleries and drifts or
in stabilising a roof of a tunnel. Such an injection bolt has a shaft with
an 1internal bore which contains the static mixer. The injection boli

generally also has a pump connector and the shaft has an outlet.

[03] Known injection bolts are used to stabilise a rock mass as follows.
Firstly, a drill bolt is used to drill a hole into the rock mass. After a
suitably deep hole has been drilled, this bolt 1s exchanged for an injection
bolt. A pump is then connected to the injection bolt’s pump connector.
The pump is then used to inject a multiple component anchoring material
into the internal bore of injection bolt. The components of the anchoring
material are mixed by the static mixer in such a way that the multiple
components jointly cure very quickly once they have been ejected from
the outlet of the injection bolt into the annular channel between the shaft
and the rock mass. The anchoring material fills said channel and also any
slots and cleat planes in the rock mass. The bolt shaft then remains in the
hole and helps, i1n addition to the anchoring material, to secure the walls

of a mined cavity.

|04] According to an alternative method, the injection bolt may also be
used 1n the first step as a drill bolt if it is arranged such that a drill head
can be associated therewith. As this injection bolt will remain in the
hole, the drill head must be inexpensive. Generally such an injection bolt

will only be use in specific applications.
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|05] In order to achieve the correct mixing effect, it is generally desired
to construct and arrange the static mixer in such a way that the mixed
anchoring components do not have to cover a long distance before
reaching the channel. This is because the longer the distance they have to
cover, the greater the risk that they will cure before they reach the
channel. A further requirement is that the static mixer is arranged such

that the anchoring components are mixed intensively with one another.

[06] It is therefore desirable to prevent the static mixer from issuing
with the injected-in multiple anchoring components at the outlet or from
leaving its predetermined position, i.e. from slipping downward in the

bore of the shaft of the injection bolt.

[07] It is also known for the multiple anchoring components to be
introduced into the injection bolt while embedded 1n film tubes. In use,
the multiple anchoring components are pressed through the static mixer.
Conventional static mixers have a multistage coil formed from a plastics
material with means for restricted flow diversion, such that an
appropriate pressure has to be applied to purposefully press the
components of the anchoring material through the static mixer. The static
mixer therefore has a crucial role which it is able to realise and fulfil
only if it is positioned precisely and if it is able to maintain this
positioning throughout the entire operation despite the high pressure of

the mortar.

[08] The object of the invention is therefore to provide a method for
producing injection bolts in which the static mixer is precisely positioned
at all times and an injection bolt having a fixed static mixer, via which
thorough mixing and immediate introduction of a quick-cure anchoring

material are possible.

[09] According to the invention there is provided an injection bolt for

use in securing a rock mass having:
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a shaft for insertion into a hole in a rock mass which shait has a
profile and forms a profiled internal bore which bore has an inlet suitable

for connection to an anchoring material pump and an outlet; and

a static mixer for mixing multiple components of the anchoring

5  material;

wherein the internal bore comprises the static mixer which is fixed in

place by the profile.

[10] According to the invention there is further provided a method for
producing an injection bolt for use in securing a rock mass which method

10 comprises:

a providing step which comprises providing a shaft having an
internal bore which bore has an inlet suitable for connection to an

anchoring material pump and an outlet;

a positioning step which comprises positioning a static mixer at a

15 location 1n the bore; and

a rolling step which comprises rolling the shaft to provide it with a
profile so as to fix the static mixer at the location without blocking

the bore of the shaft.

[11] The object of the invention is achieved by the profile which secures
20  the static mixer at the desired location. A further advantage of the profile
used in the invention is that it may ensure the permanently secure fixing
of the injection bolt in the rock mass. This is because where the profile
provides a corrugated surface on the shaft of the injection bolt, the
anchoring material may key into the corrugations, improving the fixing of

25  the injection bolt in the rock mass.
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112] In the method of the invention, the injection bolt is therefore
generally provided, after the production of the shaft itself, with a profile,
preferably by cold rolling. A further advantage of the invention is that
the 1nner wall of the injection bolt shaft is deformed, albeit only slightly,

during the rolling-in step.

[13] Another advantage of the invention is that a static mixer or a
plurality of static mixers which have been previously inserted into the
shaft of an injection bolt and positioned at an optimum location, is/are
then fixed at that location during rolling in such a way that their
arrangement at that location is reliably maintained during all subsequent
operations involving the injection bolt. This advantage applies both to an
injection bolt which is used both as a drill bolt and as an injection bolt

and to an injection bolt which is not used as a drill bolt.

[14] A further advantage of the invention is that it provides an injection
bolt which ensures, on account of the precise positioning of the static
mixer, that the components of the anchoring material introduced into the
bore of the shaft of the injection bolt are mixed thoroughly and
unimpeded. As a result of this, when they are injected into the rock mass
from the outlet of the shaft, they immediately fill both the annular gap
between the outer surface of the injection bolt and the wall of the hole

and also any cleat planes, notches and the like.

|15] Particularly advantageously, the static mixer used in the invention
does not need a cladding or protective pipe. This is because the static
mixer is fixed directly in the bore by the rolling-in step. It is also
advantageous that the position of the static mixer can be precisely
predetermined, wherein said position can be chosen in accordance with

the expected conditions.

[16] The static mixer may be fixed at the inlet end of the shaft. The

static mixer may have an outer surface on which an adhesive ring and/or
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chamber 1is provided for securing the static mixer to the internal bore
before the profile is applied to the shaft. The adhesive ring and/or
chamber may be provided at an end of the static mixer. The chamber
may comprise an adhesive and may be formed in an adhesive ring which

has a thin wall.

[17] The injection bolt according to the invention may comprise a

plurality of static mixers which are connected to one another via a web.

18] The static mixer used in the invention may have an outer wall with

a roughened surface.

119] The profile used in the invention may provide the internal bore of
the shaft with an internal diameter which is less than the external
diameter of the static mixer. The profile may provide the internal bore of
the shaft with a corrugated or ribbed surface. The shaft of the injection
bolt of the invention may have an external wall such that the profile
provides the external wall of the shaft with a corrugated or ribbed
surface. The profile may only be provided at a part of the shaft where
the static mixer is located. Alternatively, the profile may be provided
along a whole length of the shaft. The injection bolt may comprise a nut
and a washer and the profile may provide a thread with which the nut can
engage such that the nut and washer can be used to tighten the roof bolt

against the rock mass.

120] The rolling step of the method according to the invention may
comprise providing a profile such that the bore has an internal diameter
which less than the diameter of the static mixer. The rolling step of the
method according to the invention may comprise providing an internal
surface of the bore with a corrugated or ribbed surface. The shaft used in
the method of the invention may have an external wall and the rolling step
of the method of the invention may comprise providing the external wall

of the shaft with a corrugated or ribbed surface.
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[21] The static mixer used in the method of the invention may have an
adhesive or ‘an adhesive ring or chamber provided on its external surface
and the positioning step of the method of the invention may comprise
positioning the static mixer at the location by means of the adhesive or
adhesive ring or chamber. The advantage of this feature is that precise
positioning of the static mixture in the positioning step is not lost between

the positioning step and the rolling step.

[22] The positioning step of the method of the invention may comprise
positioning a plurality of static mixers which connected to one another via

a web.

[23] The rolling step of the method of the invention may be performed
such that a profile is provided only at the location on the shaft where the
static mixer is positioned. Alternatively, the rolling step of the method of
the invention may be performed such that a profile 1s provided along a

whole length of the shaft.

[24] The rolling step of the method of the invention may be performed

such that the profile provides a thread with which a nut can engage.

[25] In some aspects, the rolling step of the method of the invention
comprises providing a profile such that the bore has a corrugated or
ribbed internal surface with an internal diameter which is substantially the
same as the diameter of the static mixer. As a result, the static mixer 18
fixed by the narrowing in cross section in the region of the inner
corrugations of the profile and to be deformed therewith merely on the
outside. Adjusting the pressure when rolling in the profile ensures, in
accordance with this method, that the static mixer is gripped by the inner
corrugations of the profiles and secured by slight deformation of the outer
wall, whereas the static mixer itself, i.e., 1n particular, its interior
components which are important for mixing, remains entirely unaffected.

The static mixer itself is precisely fixed, as is required and desired, and
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is therefore available for the mixing process without any impediment to

fixing.

[26] According to a further optimisation of the method of the invention,
provision is made for the rolling-in to be carried out in such a way that
the static mixer is fixed, viewed over the length thereof, at a plurality of
points, preferably by increasing the pressure in certain sections. In other
words, not each of the inner corrugations of the profiles affects and
secures the static mixer; instead this fixing i1s carried out at a plurality of
provided points and this is sufficient for securing the static mixer in the
internal bore of the shaft. This also ensures the improvement that the
functioning of the static mixer per se is not harmed or affected by the

fixing by the profiles.

[27] The precise securing and fixing of the static mixer in the internal
bore is facilitated in that the static mixer is equipped, in accordance with
a development of the invention, with adhesive rings which are designed so
as to prevent automatic slipping of the static mixer out of the internal
bore. The static mixer per se can therefore be secured on insertion during
the positioning step, for example by a rod, precisely at the location where
it is to have its subsequent optimum position. The adhesive rings
therefore prevent the static mixer from leaving this position again, on
further handling of the bolt shaft, before it is finally secured by the
rolling-in of the profiles. In addition, the position of the static mixer can,

if necessary, be corrected before the profiles are formed.

28] A further possibility for this temporary securing of the static mixer
in the internal bore during the positioning step is that in which the jacket
or outer surface of the static mixer 1S coated, on insertion into the internal
bore, with an adhesive at least at certain points. This adhesive therefore

ensures that the static mixer cannot be removed from its position. A
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possible drawback of this is that subsequent re-positioning of the static

mixer is no longer possible, because this is prevented by the adhesive.

[29] If a plurality of static mixers is to be accommodated in a bolt shaft
of this type, it is advantageous if a plurality of static mixers is produced
simultaneously and are remotely connected to one another via a web.
They can then be introduced, in this configuration, into the bolt shaft and
fixed therein when the profiles are rolled in. Any number of static mixers
can thus be accommodated, one behind another, in a bolt shait and then
finally secured by the attachment of the profiles. The advantage of this i1s
that further measurements and the like are not necessary; on the contrary,
these are finalised during the production process itself, i.e. when the
static mixer is produced, so the interconnected static mixers can then be
introduced into the internal bore at the provided distance from one

another.

[30] An injection bolt which is intended to achieve and is capable of
achieving the object referred to hereinbefore is that in which the static
mixer is rolled into the internal bore. In the case of an injection bolt or
bolt shaft of this type, the attachment or rolling-in of the profiles 1is
necessary in any case, so this operation is to be expediently and
advantageously utilised to achieve the important precise positioning of the
static mixer or the static mixers. It is also advantageous in this regard
that this positioning, once carried out, is then also secured by the attached
profiles. A static mixer of this type no longer needs to be cleaned or
disposed of; instead, it remains in the injection bolt or in the bolt shaft,
but has ensured in advance that the two componenis of the anchoring

material were introduced thoroughly mixed into the target region thereof.

[31] A particularly expedient embodiment of the invention provides for
the static mixer to be made of plastics material and to be secured at the

connection end of the bolt shaft via the profiles formed in the bolt shaft
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during cold-rolling. The static mixer is secured at the same time as the
profiles are attached “cold”, i.e. without an additional operation. There 1s
no need for a cladding pipe around the static mixer or any particular
precautions, because the thickness of the shaft wall prevents the pressure
on the static mixer from leading to deformations of the frame of the static
mixer. Finally, the static mixer can be secured precisely in the position

resulting in most successful mixing.

[32] According to a further expedient embodiment of the invention,
provision is made for the static mixer to be fixed by purposeful
deformation of the bolt shaft, and therefore also of the inner wall, at
certain points therein. Suitable deformation or variations of the deforming
work allow the static mixer to be fixed purposefully at specific points and
not over the entire length, thus additionally ensuring that the mode of
operation of the fixed static mixer is in any case guaranteed. Obviously, it
is also possible effectively to fix the static mixer, over the entire length

thereof, via the profiles in the bolt shaft.

[33] Precise positioning of the static mixer in the internal bore and
securing of the position, once assumed, is possible, in particular, if the
static mixer has adhesive rings on the outer walls or integrated therein.
The static mixer is thus inserted into the internal bore by overcoming a
certain frictional force, so once it has assumed its provided position it
cannot be moved out of it unintentionally or automatically. The
subsequent attachment of the profiles then completes the final fixing of

the static mixer.

[34] To reduce the costs of static mixers of this type, provision 1s made
for the adhesive rings to be arranged distributed over the length of the
static mixer, preferably at both end regions of the static mixer. Such
reduction of the number of adhesive rings is readily justifiable, because

this reliably prevents the static mixer from slipping out. It may also be
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sufficient for an adhesive ring of this type to be provided at merely one

point and, in this case, probably expediently centrally.

135] In particularly critical situations, it can be expedient to form
chambers with an adhesive 1in an adhesive ring which have a thin wall at a
certain point or continuously. The adhesive ring may in this case no
longer need to perform their function which is fulfilled by the adhesives

guided or pressed out of the chamber.

|136] If a plurality of static mixers is used within an injection bolt, it is
advantageous if a plurality of static mixers are arranged so as to be
connected to one another via a web, preferably an injection-moulded web,
in the internal bore in the bolt shaft. Appropriately choosing the length
of the, preferably injection-moulded, web thus allows the precise
position, or more accurately the precise subsequent position, of the static
mixers to be defined in advance and also to be precisely adhered to on

introduction into the injection bolt.

[37] A further possibility for expediently securing a static mixer within
the internal bore up to attachment of the profiles is that in which the outer
wall of the static mixer are roughened. Especially if use is made of a
static mixer having a diameter approximately identical to that of the inner
walls of the internal bore, a roughened surface of this type can be

sufficient to ensure temporary securing in the internal bore.

[38] In order to optimise the use of a fixed static mixer even for one-
way injection bolts (i.e. an injection bolt used both for forming a hole in
the rock mass and as an injection bolt), provision is made for the water
duct of the static mixer or the static mixers as a whole to be constructed
so that it cannot be influenced by the rolling-in process. Water is used to
transport away the drilled material released during the formation of the
hole through the annular gap around the bolt rod and out of the hole.

Even 1if the 1injection bolt 1s used in such a way, the static mixers
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subsequently remain in the bolt rod, but are used iwice, i.e. once for
feeding through the water during drilling and secondly on introduction of

the two anchoring material components.

139] The invention is distinguished, in particular, in that there are
provided a method and an injection bolt with which any anchoring
materials can be used. As a result of the fact that the static mixer is now
precisely secured in the injection bolt, it can be ensured even in the case
of complex anchoring materials, 1.e. plastics material mortars, that these
components are purposefully mixed at the optimum point and are then
issued into the “rock mass”. There is therefore substantially no risk of
the components being incompletely mixed together or mixed prematurely
or too late; instead, it is generally ensured that the mixing is performed at
an optimum point in time and at a precise point in the length of the bolt
shaft. The described solution can be used both in one-way and in two-
way bolts, because the static mixers are fixed by the profiles so as to

allow rinsing water and plastics material components to pass.

[40] According to the invention there is further provided a second
method for producing an injection bolt comprising a profile, wherein the
profile is rolled in while preserving an internal bore through which a
multiple component anchoring material is pressed through via a static
mixer into an annular channel between the injection bolt and rock mass,
characterised in that the static mixer is positioned in the provided region
prior to rolling-in of the profile and 1s then fixed at this location during

rolling-in.

|41] According to the invention there is also provided a second injection
bolt, especially for use in extending wunderground mine and tunnel
constructions with a long shaft comprising an internal bore and a bore
mouth-side pump connection and opposing outlet for the components of an

anchoring material flowing via the internal bore in the shaft and with a
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static mixer for mixing the components before they issue into an annular
channel around the shaft, characterised in that the static mixer is rolled

into the internal bore.

[42] Further details and advantages of the subject-matter of the
invention will emerge from the following description of the associated
drawings showing a preferred embodiment with the details and individual
parts required therefor. Thus the invention will now be illustrated with
reference to the Figures of the accompanying drawings which are not

intended to limit the scope of the invention claimed in which:

Figure 1 shows a longitudinal cross-sectional view of a first
embodiment of an 1njection bolt according to the invention

introduced into a rock mass;

Figure 2 shows a transverse cross-sectional view of a known

injection bolt which has been introduced i1nto the rock mass;

Figure 3 shows a transverse cross-sectional view of an injection
bolt according to the first embodiment introduced into the rock

mass with profiles and a static mixer;

Figure 4 shows a longitudinal cross-sectional view of a profiled
injection bolt for use in the first or second embodiment of the

invention;

Figure 5 is a side view of a static mixer with adhesive rings for

use in the first or second embodiment of the invention;

Figure 6 is a transverse cross-sectional view of an injection bolt
according to the first embodiment in the region of the fixed static

mixer;

Figure 7 shows a static mixer without a cladding pipe;
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Figure 8 shows a longitudinal cross-sectional view of the static

mixer shown in Figure 7 inserted into an injection bolt, and

Figure 9 shows a cross section of a second embodiment of an
injection bolt according to the invention which 1s secured in a rock

mass.

[143] Figure 1 shows a longitudinal cross-sectional view of an injection
bolt 1 introduced into a hole which has been drilled in a rock mass 9.
The injection bolt 1 has a bolt shaft 2 which has a proximal end 8,
positioned in use at the mouth of the hole, and a distal end 7, positioned

in use at the bottom 6 of the hole, at which is provided an outlet 4.

|44] The proximal and distal ends 8,7 of bolt shaft 2 are connected by
an internal bore 5 which has an inner wall 19. At the proximal end 8 of
the bolt shaft 2, the injection bolt 1 has a spherical cap (shown) which
seals the hole, and a pump connection 3. The pump connection 3 allows
the internal bore 5 of the bolt shaft 2 to be connected to a pump (not

shown) of an anchoring material.

145] In the internal bore 5 of the bolt shaft 2, there is provided a static
mixer 10 at the proximal end 8 and an auxiliary static mixer 10" at the
distal end 7: the details of the static mixers will be illustrated and
described hereinafter. The static mixers 10,10’ are connected by web 21
which is provided to ensure that the static mixers 10,10" remain 1n a
predetermined position after insertion until they are fixed in that position
by the cold rolling of profiles 11,12. Auxiliary static mixer 10’ has a

proximal end 18 and a distal end 17.

[46] The bolt shaft 2 has profiles 11,12 which are rolled in “cold”.

Profiles 11,12 have the appearance of a waveform having a wavelength
which is parallel to the length of the bolt shaft 2 such that the bolt shaft 2

has a corrugated or ribbed surface. The static mixers 10,10’ are fixed 1n
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place by profiles 11,12. As an alternative, the profiles 10,10° may

provide the bolt shaft 2 with a threaded surface to which a nut may

engage.

[47] The profiles 11,12 also improve and ensure the securing of the
injection bolt 1 in the hole and therefore in the rock mass 9. This is
because the ribbing on the surface of the bolt shaft 2 enables the
anchoring material to engage with the injection bolt 1 to ensure 1t 1S
securely anchored in the hole. The annular space 13 between the rock
mass 9 and bolt shaft 2 is filled by the mixed componenis of the
anchoring material, so the bolt shaft 2, i.e. in other words the injection
bolt 1 as a whole, can no longer be extracted from the hole or can be

exiracted only by destroying the bolt shaft 2.

48] The pump connection 3 allows a multiple component anchoring
material (not shown) to be injected through the internal bore 5 down to
the bottom 6 of the hole and into the rock mass 9. Said static mixers
10,10’ ensure that the multiple components of the anchoring material

injected into the internal bore 5 are mixed uniformly and thoroughly.

[49] Figure 2 shows a transverse cross sectional view of known
injection bolt 100 which has been inserted in a hole. Known injection
bolt 100 has a bolt shaft 102 having an internal bore 105 which has an
internal wall 119. Known injection bolt 100 lacks without a static mixer

10 and profiles 11, 12.

[150] Figure 3 is a transverse cross section through the bolt shaft 2 of an
injection bolt 1 in the region of the static mixer 10. In Figure 3, the
presence of the profiles 11,12 is shown by profiles 11,12 which have a
waveform with a circumferential wavelength for the purposes of
illustration such that it is clear that the profiles 11, 12 provide the desired

fixing. Thus, instead of the longitudinal profiles shown in Figure 3, the
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bolt shaft 2 of the injection bolt 1 according to the invention is provided

in reality, as shown in Figure 4, with transverse or threaded profiles.

[51] Figure 4 is a longitudinal cross-sectional view of part of bolt shaft
2 in the region of the static mixer 10. In Figure 4, the original internal
5 diameter 24 of the bolt shaft 2 is shown to be larger than the minimum
internal diameter 26 provided by the profiles 11,12. However, the
maximum internal diameter 25 is larger than the original internal diameter
24. The maximum internal diameter 25 is obtained after introduction of
the profiles 11,12. The wave height of the waveform of profiles 11,12 1s
10  the difference between the maximum internal diameter 25 and minimum
internal diameter 26. The profiles 11,12 at their minimum internal

diameter 26 fix the static mixers 10,10" in place.

[52] Figure 5 shows a perspective view of a second static mixer 210 for
use in the invention. Static mixer 210 has an outer wall 214 which is
15 provided with a cladding pipe 230. Attached to the outer wall 214 of the
static mixer 210 are adhesive rings 215,216. The adhesive rings 215,216
are provided to ensure that in use, the static mixer 210 is not able to be
dislodged from its position, once it has been inserted and precisely
positioned in the internal bore 5 of a bolt shaft 2 until it is finally secured
20  via the cold rolling of profiles 11,12. As an alternative, adhesive rings
215,216 can only be arranged at the proximal end 18 of the static mixer
10’ or only at the distal end 17 or at both ends 17,18. The external
diameter of the static mixer 10,10’ at the adhesive rings 215,216 1is
greater than the internal diameter of the bolt shaft 2 such that the
25 adhesive rings 215,216 rub against the inner wall 19 of the bolt shaft 2.
As a result, a degree of force is required in order to insert the static
mixer 10,10°. This has the advantage that the static mixer cannot,
however, be removed again from the internal bore 5 or its precise
position, even if the bolt shaft 2 is standing perpendicularly. As an

30 alternative to the embodiment shown in Figure 5, adhesive rings 215,216
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may be used with a static mixer 10,10° which lacks a cladding pipe 230.

Figure 7 illustrates a static mixer of this type without a cladding pipe.

[53] Figure 6 shows a transverse cross-sectional view of a third static
mixer 310 for use in the invention. Static mixer 310 1s similar to second
static mixer 310 in that it has an outer wall (not shown) and a cladding
pipe (not shown) on which is provided an adhesive ring 315. Formed in
adhesive ring 315 are a plurality of chambers 320, each of which is filled
with adhesive. When static mixer 310 is inserted into a bolt shaft 2, the
chambers 320 are breached such that the adhesive adheres the static mixer
310 to the internal wall 19 of the internal bore 5 of the bolt shaft 2. As
an alternative to this embodiment, the static mixer 310 may lack an
adhesive ring 315 such that an adhesive chamber 320 is arranged on the
outer wall of the static mixer 310 in order to achieve securing at a
predetermined position on insertion of the static mixer 310 into an
internal bore 5 of a bolt shaft 2 and destruction of the walls of the

adhesive chamber 320.

[54] Figure 7 shows a perspective view of a static mixer 410 which
lacks a cladding pipe. Static mixer 410 is shown to have a helically
twisted mixing element 450 having helical barriers 460. Static mixer 410
also has adhesive rings 415,416. In use, the components to be mixed are
pressed by the mixing element 450 and helical barriers 460 and are thus
intensively mixed. Because static mixer 410 is secured in the bolt shaft 2
by profiles 11,12, the bolt shaft 2 itself acts at the same time as a

cladding pipe for the static mixer 10.

[55] Figure 8 shows a longitudinal cross-sectional view of the fourth
static mixer 410 for use in the invention inserted into an injection bolt 2
wherein the adhesive rings 15, 16 shown in Figure 7 can no longer be

discerned or are not provided at all.
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156] Figure 9 shows a cross section of a second embodiment of an
injection bolt 501 according to the invention which 1s secured in a rock

mass 9 after completion of the injection operation.

157] The injection bolt 501 has a bolt shaft 502 which has a proximal
end 508, positioned at the mouth of the hole, and a distal end 507,

positioned at the bottom 6 of the hole, at which 1s provided an outlet 504.

[58] The proximal and distal ends 508,507 of bolt shaft 502 are
connected by an internal bore 505. At the proximal end 508 of the bolt
shaft 502, the injection bolt 501 has a washer (536) which seals the hole,
and a pump connection 503. The pump connection 503 allows the
internal bore 505 of the bolt shaft 502 to be connected to a pump (not

shown) for the supply of an anchoring material 34.

159] 1In the internal bore 505 of the bolt shaft 502, a single static mixer
510 1s provided at the proximal end 508. The bolt shaft 502 has external
threaded profiles 511,512 which are rolled in “cold”. The profiles
511,512 do not provide the interior (internal bore 505 facing side) of bolt
shaft 502 with corrugated or ribbed profiles. Instead, the internal
diameter of the bore 505 is reduced, thereby fixing the static mixer 510 in
place. The threaded profiles 511,512 also improve and ensure the
securing of the injection bolt 501 in the hole and therefore in the rock

mass 9.

[60] The pump connection 503 allows a multiple component anchoring
material 34 to be injected through the internal bore 505 down to the
bottom 6 of the hole and into the rock mass 9. Said static mixer 510
ensures that the multiple components of the anchoring material 34 injected

into the internal bore 505 are mixed uniformly and thoroughly.

|61] The hole formed in the rock mass 9 is filled completely, from the

bottom 6 of the hole to the mouth of the hole, with anchoring material 34.
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Anchoring material 34 fills both the annular channel 33 beiween the bolt
shaft 402 and walls 35 of the hole and the internal bore 505. As may be
seen, anchoring material 34 reaches into the region of washer 536.
Washer 536 is pressed against the rock mass 9 via a bolt nut (not shown)
which is displaceable on the thread provided by the profiles 511,512 of
the bolt shaft 502. The static mixer 510 is also filled by the anchoring

material 34.

[62] All of the aforementioned features, even those which can be
inferred from the drawings alone, are regarded, in isolation and in

combination, as being instrumental to the invention.
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CLAIMS

. Injection bolt for use in securing a rock mass having:

a shaft for insertion into a hole in the rock mass which shaft has a profile
and torms a profiled internal bore which bore has an inlet suitable for

connection to an anchoring material pump and an outlet for injecting anchoring

material into the hole in the rock mass: and
a static mixer for mixing multiple components of the anchoring material;

wherein the internal bore comprises the static mixer which is fixed in place

by the profile; and

wherein the profile reduces the internal diameter of the internal bore to be

less than the external diameter of the static mixer.

2. Injection bolt as defined in Claim 1 wherein the static mixer is fixed at the

inlet end of the shaft.

3. Injection bolt as defined in Claim 1 or Claim 2 wherein the static mixer
has an outer surface on which an adhesive ring and/or chamber is provided for

securing the static mixer to the internal bore before the profile is applied to the
shaft.

4, Injection bolt as defined in Claim 3 wherein the adhesive ring and/or

chamber 1s provided at an end of the static mixer.

5. Injection bolt as defined in Claim 3 or Claim 4 wherein the
chamber comprises an adhesive and is formed in an adhesive ring which has a

thin wall.

6. Injection bolt as defined 1n any one of Claims 1 to 5 which comprises a

plurality of static mixers which are connected to one another via a web.

7. Injection bolt as defined in any one of Claims 1 to 6 wherein the static

mixer has an outer wall with a roughened surface.
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8. Injection bolt as defined in any one of Claims 1 to 7 wherein the profile

provides the internal bore of the shaft with a corrugated or ribbed surface.

9. Injection bolt as defined 1mn any one of Claims 1 to 8
wherein the shaft has an external wall and wherein the profile provides the external wall

of the shaft with a corrugated or ribbed surface.

10.  Injection bolt as defined in any one of Claims 1 to 9 wherein the profile

1s only provided at a part of the shaft where the static mixer is located.

11.  Imjection bolt as defined in any one of Claims 1 to 9 wherein the profile is

provided along a whole length of the shaft.

12.  Injection bolt as defined in Claim 11 wherein the injection bolt
comprises a nut and a washer and wherein the profile provides a thread with which the nut

can engage such that the nut and washer can be used to tighten the roof bolt against the

rock mass.

13. A method for producing an injection bolt for use in securing a rock mass
which method comprises:

a providing step which comprises providing a shaft having an internal bore
which bore has an inlet suitable for connection to an anchoring material pump and

an outlet;

a positioning step which comprises positioning a static mixer at a location

in the bore; and

a rolling step which comprises rolling the shaft to provide it with a profile
so as to fix the static mixer at the location without blocking the bore of the shatt;
and wherein the rolling step 1s performed such that a profile 1s provided along a
length of the shaft at a part of the shaft where the static mixer 1s located or along
the whole length of the shaft, and wherein the profile reduces the internal diameter

of the internal bore to be less than the external diameter of the static mixer.
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14. Method as defined in Claim 13 wherein the rolling step comprises

providing a profile such that the bore has an internal diameter which less than the

diameter of the static mixer.

15. Method as defined in Claim 14 wherein the rolling step comprises

providing an internal surface of the bore with a corrugated or ribbed surface.

16. Method as defined in any one of Claims 13 to 15 wherein the shaft has an
external wall and wherein the rolling step comprises providing the external wall of

the shaft with a corrugated or ribbed surface.

17.  Method as defined 1n any one of Claims 13 to 16 wherein the static mixer
has an adhesive or an adhesive ring or chamber provided on its external surface
and wherein positioning step comprises positioning the static mixer at the

location by means of the adhesive or adhesive ring or chamber.

18.  Method as defined in any one of Claims 13 to 17 wherein the positioning
step comprises positioning a plurality of static mixers which connected to one

another via a web.

19. Method as defined in Claim 13 wherein rolling step 1s performed such that

the profile provides a thread with which a nut can engage.
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