
(19) *EP004549698A1*
(11) EP 4 549 698 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
07.05.2025 Bulletin 2025/19

(21) Application number: 23207244.7

(22) Date of filing: 01.11.2023

(51) International Patent Classification (IPC):
E21D 21/00 (2006.01)

(52) Cooperative Patent Classification (CPC):
E21D 21/0026; E21D 21/0006; E21D 21/0066

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
KH MA MD TN

(71) Applicant: Sandvik Mining and Construction
Australia
(Production/Supply) Pty Ltd
Milton QLD 4064 (AU)

(72) Inventors:
• WEAVER, Steven

Heatherbrae, 2324 (AU)
• WANG, Jamie

Brisbane, 4064 (AU)

(74) Representative: Sandvik
Sandvik Intellectual Property AB
811 81 Sandviken (SE)

(54) AN ANCHOR FOR A ROCK BOLT AND A ROCK BOLT

(57) An anchor 12 for a rock bolt 10. The anchor 12
being connectable to a cable or rod 14 and being ex-
pandable between a hole insertion condition and a hole
anchor condition. The anchor 12 has at least one gripper
32 that is expandable outwardly from the insertion con-
dition of the anchor 12 to the anchor condition of the
anchor12 forgripping the facingsurfaceofahole inwhich
the anchor 12 is installed. The gripper 32 comprises a

body part 60 and a gripper portion 62, the body part 60
being formed fromahardmaterial and the gripper portion
62 being formed of a material having a greater hardness
than thebody part 60. Thegripper portion 62has anouter
facing gripping surface 66 that projects beyond the body
part 60 in the direction of outward expansion of the
gripper 32.
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Description

Technical Field

[0001] The present invention relates to a rock bolt for
use in rock strata to support the rock strata against
collapse or failure, and to an anchor for use in such a
rock bolt.

Background of Invention

[0002] The discussion of the background to the inven-
tion that follows is intended to facilitate an understanding
of the invention. However, it should be appreciated that
the discussion is not an acknowledgement or admission
that any aspect of the discussionwas part of the common
general knowledge as at the priority date of the applica-
tion.
[0003] Rockboltsareused for reinforcing rockstrataby
inserting the bolt within a hole drilled into the rock strata
andfixing theboltwithin thehole. Bolts canbefixedwithin
ahole by frictional engagementwith thewall of the hole or
they can be embedded within the hole within grout or
resin, or both. The trailing end of a rock bolt will usually
extendoutof theopenendof theholeanda rockplatecan
be attached to the trailing end and can be tightened to
press firmly against the rock face that surrounds the hole
opening. The fixing of the bolt within the hole resists
egress of the bolt from the hole and rock plate supports
the rock face against fracture and displacement. Safety
mesh can be installed broadly across the rock face by
anchoring themesh tomultiple rock bolts. In thismanner,
the rock bolts support the rock strata against fracture and
collapse and the safety mesh can restrain any dislodged
pieces of the rock strata. The use of bolts and mesh is
widespread in theundergroundmining industry to protect
workers and equipment in underground mines and tun-
nels from strata fracture.
[0004] Rock bolts can employ a rigid or flexible tendon
that extendsbetween leadingand trailingendsof the rock
bolt. A rigid tendon can comprise a bar or rod, or a tube,
such as a longitudinally split tube. Other rock bolts em-
ploy a flexible tendon,which is usually a cable.Rockbolts
can employ an anchor or expander at a leading endand a
rock plate at the opposite and trailing end. The anchor or
expander is used to engage the rock bolt against facing
surfaces of the drilled hole. An expander can be used
inside a split tube to expand the diameter of the tube,
while an anchor can be itself expandable to engage the
facing surfaces of the drilled hole. The anchor or expan-
der can be activatable once the rock bolt is properly
positioned within the drilled hole.
[0005] Rock bolts that employ a rod, bar or tube typi-
cally have a length of between 1.8m to 3m. In under-
ground tunnelling, the length of the rock bolt is generally
limited by the room available within the tunnel. In under-
ground mining, the available room often precludes the
use of rock bolts that have a length greater than 3m. In

underground tunnelling in general, the available room
often precludes the use of rock bolts that have a length
greater than 6m.
[0006] Rock bolts that employ a cable are usually used
where the depth of the hole into which the rock bolt is
installed exceeds the maximum length of rock bolts that
employ a rod, bar or tube. For example, rock bolts that
employ a cable can be used in holes having a depth of
10m or more. For these forms of rock bolts the cable can
be unrolled from a cable reel, so that any length of cable
can be used.
[0007] Rock bolts that employ a cable are not rigid and
therefore they must be pushed into the hole without
significant frictional resistance. In some installations,
the hole is empty, while in other installations, cement
grout is pumped into the hole before the rock bolt is
inserted and once the hole is sufficiently filled with grout,
the cable bolt is fed from a reel into the hole, pushing
through the grout. Once sufficient cable has been fed into
the hole, the trailing end of the cable is severed, usually
leaving about 0.3m extending from the opening of the
hole.
[0008] Cable rock bolts can include an anchor at the
leadingend.Where thehole is filledwithgrout, theanchor
can be pushed through the cement grout to the inner end
of the hole or to the appropriate position within the hole.
Alternatively, the anchor can be omitted so that the
leading end of the bolt is simply the leading end of the
cable. Where an anchor is employed, the anchor is
provided to engage against the facing surface of the hole
and to grip the facing surface so as to anchor the leading
end of the rock bolt within the hole. The anchors are
normally expandable anchors that have an insertion
condition and a hole anchor condition, whereby the an-
chor travels into the hole in the insertion condition and
once the anchor is positioned at the correct depth within
the hole, the anchor is activated by expansion to the
anchor condition, to grip the facing surfaces of the hole.
The diameter of the anchor in the insertion condition is
typically at least slightly less than thediameter of thehole,
so that the anchor can travel into the hole without sig-
nificant frictional resistance. Once the anchor has
reached the installation position, expansion of the anchor
to a greater diameter allows the anchor to engage and
grip facing surfaces of the hole to anchor the leading end
of the cable and the rock bolt.
[0009] Activation of the anchor to the anchor condition
provides an immediate connection of the bolt within the
hole, so that 1) the rockbolt canbe loaded immediatelyby
application of a rock plate at the trailing end of the rock
bolt against the rock strata surrounding theopeningof the
holeand2) thecable is secured from fallingout of thehole
as soon as the anchor is activated. The rock bolt thus
immediately provides strata support and secures the
cable within the hole, allowing immediate re-entry to
the tunnel. Alternatively, if the anchor is omitted and
the cable is secured in place by cement grout, the cable
bolt is not operational and the cable is not secured within
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the hole, until the cement grout has cured. Fear of the
cable falling out of the hole commonly stops miners
travelling through that part of the excavation (tunnel) until
the grout sets (approximately 12 hours). The present
invention relates to rock bolts that include an anchor at
the leading end.
[0010] Rock bolts are installed in rock strata of varying
consistency. Some rock strata is considered to be soft,
whereas other rock strata is considered to be hard, and of
course there is rock strata across the spectrum in be-
tween. Different rock bolts are suitable for rock strata of
different hardness.Where the rock strata is soft, anchors
can be configured with teeth or knurling to grip the facing
surface of the hole by biting into the facing surface. In
order to avoid the anchor crushing the facing surface, in
softer rock strata, anchors are configured to be longer
than in harder rock strata, to increase the contact area
with the hole wall, aiming to decrease the contact pres-
sure to below theupper compressive strength of the rock.
The anchor can deform the hole and create a ledge or
stepbelow theanchor in adirection towards theopenend
of the hole, which resists the anchor being pulled out of
the hole. That is, where the anchor is expanded into
engagement with the facing surface of the hole, the
diameter of the hole is enlarged by that engagement
whereas below the anchor, the diameter of the hole
remains as drilled.
[0011] A form of rock bolt of the above kind is disclosed
in European Patent EP0068227 in the name of Upat
GmbH&Co. InEP0068227, aprofiled insert is connected
to the leading end of a shank that is inserted into a drilled
hole. Ahead of the insert is a spreading wedge which
moves with the profiled insert as the shank is fed into the
hole. When the spreading wedge reaches the inner end
of the drilled hole, further insertion of the shank and the
profiled insert causes the profiled insert to engage the
spreading wedge and to spread radially outwardly. The
wall of the hole is crushed or eroded in the region of the
profiled insert to create an undercut of greater diameter
than the hole immediately below the profiled insert, thus
firmly anchoring the profiled insert and thus the shank
within the hole.
[0012] Another similar form of rock bolt of the above
kind is disclosed in European Patent EP0102914, again
in the name of Upat GmbH & Co.
[0013] Conversely, where the rock strata is hard, or
very hard, (such as crystalline rock,which is igneous rock
and is consideredhard, in contrast to clastic rock,which is
sedimentary rock and is considered soft) for example,
then the anchor may not be able to bite into the facing
surface of the hole, but rather, will engage the hole by
frictional engagement only. Hard, or very hard rock strata
can be defined in various ways. For example, one sui-
table reference is ’Ground Support for underground
mines’ by Potvin and Hadjigeorgiou, 2020, ISBN
978‑0‑9876389‑5‑3, Australian Center for Geomecha-
nics from page 8. A more basic definition would be that
sedimentary rock would be regarded as soft, while

igneous rock would be regarded as hard. Alternatively,
strata <100 MPa (uniaxial compressive strength) would
be regarded as soft, whereas if it were >100MPa it would
be regarded as hard. For example, coal, shale and mud-
stone are regarded as soft, while granite, basalt and
andesite are regarded as hard.
[0014] If the rock is hard or very hard and the anchor
engages by frictional engagement only, the anchor may
not be firmly fixed within the hole. In addition, in this hard
rock strata, often the surface of the drilled hole will be
smooth before the anchor is inserted, making frictional
engagement between the anchor and the facing surface
of theholeagain, less effective.Still further, if the holehas
been filled with cement grout, before the grout cures, it
can act as a lubricant between the anchor and the facing
surface of the hole, reducing even further the effective
frictional engagement between the anchor and the facing
surface of the hole. Thus, in these circumstances, the
frictional engagement between the anchor and the facing
surface of the holemay not anchor the leading end of the
rock bolt in the hole to the desired amount.
[0015] The present invention aims to provide a new
form of anchor that can provide an improved anchored
connection between the anchor and the facing surfaces
of a hole, particularly where the hole is drilled in hard, or
very hard rock strata.
[0016] Thepresent inventionhas beendeveloped spe-
cifically in relation to rock bolts that employ cables rather
than rigid rods, bars or tubes and so it will be convenient
to describe the invention in relation to those forms of rock
bolt. It should be appreciated however, that the invention
could apply to rock bolts that employ a rod, bar or tube.

Summary of Invention

[0017] According to one form of the present invention,
an anchor for a rock bolt is provided whereby the anchor
is connectable to a cable or rod and is expandable
between a hole insertion condition and a hole anchor
condition, the anchor having:

at least one gripper that is expandable outwardly
from the insertion condition of the anchor to the
anchor condition of the anchor for gripping the facing
surface of a hole in which the anchor is installed,

the gripper comprising a body part and a gripper
portion, the body part being formed from a hard
material, the gripper portion being formed of a ma-
terial having a greater hardness than the body part,
the gripper portion having an outer facing gripping
surface that projects beyond the body part in the
direction of outward expansion of the gripper.

[0018] The term "hardness" can be defined as the
ability of amaterial to resist localized plastic deformation.
The hardness of a material can be measured by using
well known tests such as the Vicker’s, Brinell or Rockwell
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hardness tests.
[0019] The gripper portion is of a harder material than
the body part. In prototype formsof the present invention,
the gripper portion is formed from cemented tungsten
carbide and the body part is formed fromAISI 4140 steel,
i.e. Cr-Mo steel. Of coursemany othermaterials could be
employed and some alternatives will be identified later
herein. The body part can be forged, cast or machined.
[0020] At the time of filing this application, themechan-
ism or interaction between the gripper portion and the
facingwall of adrilledhole intowhich theanchorhasbeen
inserted or installed, is expected to be that the gripper
portion is to break or penetrate into the facing wall, such
as to crush, crumble, fracture or pulverise the facing wall
of the drilled hole so that the gripper can grip the facing
wall. The gripper might grip the facing wall by the gripper
portion gripping the facing wall once the gripper portion
has broken into the facingwall, or the body partmight grip
the facing wall once the gripper portion has broken into
the facing wall, or both of the body part and the gripper
portion might have a gripping function once the gripper
portion has broken into the facing wall.
[0021] The outer facing gripping surface of the gripper
portion will be shaped to break into the facing wall. For
this, theouter facinggrippingsurfacemight haveakeying
shape, or a peaked or serrated shape. It is not intended to
damage the facing wall significantly. The intention is to
allow the outer facing gripping surface to penetrate into
the facing wall just enough for a grip to be established.
This might mean that the peaks of the outer facing
gripping surface only slightly penetrate into the facing
wall. Pressure concentration of the peaks of the outer
facing gripping surface against the facing wall will allow
the penetration or purchase with sufficient expansion
load, by the contact pressure being greater than the
compressive strength of the rock of the facing wall. If
the area of contact increases, such as the peaks pene-
trate into the facing wall, or if the body part about the
gripper portion engages the facing wall, then the pres-
sure concentration will fall. When the pressure concen-
tration falls below that of the compressive strength of the
rock, therewill beno further penetration.Morediscussion
of this aspect of the present invention will be made later
herein.
[0022] The present invention also provides a rock bolt
that has an anchor as above described. Such a rock bolt
will comprise a tendon that is connected to the anchor,
whereby the tendoncanbeabar or rod, or a tube, suchas
a longitudinally split tube, or a cable, such as a steel
cable. The tendon can extend to a rock plate installation
at the trailing end of the tendon, whereby the rock plate
installation can comprise a nut that threads onto the
trailing end of the tendon, or a barrel andwedge arrange-
ment that frictionally grips the trailingendof the tendon. In
either case, the nut or the barrel andwedge arrangement
can bear against a rock plate and canpress the rock plate
into firm engagement with the face of the rock strata into
which the rock bolt is installed. The rock plate installation

can also include facility for connection of safety mesh.
[0023] An anchor according to the present invention
can be connected to the leading end of a tendon prior to
inserting the anchor into a drilled hole.Where the tendon
is cable, the anchor can be attached or connected to the
end of a bulk roll of cable that is being fed from a reel and
thereafter inserted or fed into a previously drilled hole.
The hole typically will be filled already with a wet cement
grout so that the anchor and the cable push into and
through the grout until the anchor reaches the inner end
of the hole. Advantageously, once the anchor is in posi-
tion, the tendon can be tensioned to activate the anchor
and the rock bolt can provide instant or immediate sup-
port to the rock strata in advance of the grout curing and
setting the tendonwithin theholeand thecable is secured
from falling out of the hole as soon as the anchor is
activated. The expectation is that in hard rock strata
where previously significant pretension load could not
be provided due to the difficulty in anchor engagement
with the wall of the hole (as explained above), a rock bolt
that includes an anchor according to the present inven-
tion will be able to be pretensioned to resist up to 100kN
prior to the grout curing. This instant or immediate sup-
port, including securing the tendon, allows activity to take
placewithin the supported area straight after the rock bolt
has been tensioned rather than having to wait at least 12
hours for the grout to cure.
[0024] The gripper portion can be attached to the body
part, such as by mechanical fastening, fusion fastening
suchasbrazing, or asa coatingapplied to a surfaceof the
bodypart. Theouter facinggripping surfaceof thegripper
portion can comprise the entire gripping surface of the
gripper, or it can be a section of, or a sub-section of the
gripping surface of the gripper.
[0025] Where the gripper portion is a section of, or a
sub-section of the gripping surface of the gripper, the
body part of the gripper can also have an outer facing
gripping surface, so that the gripping surface of the
gripper comprises the two gripping surfaces of the grip-
per portion and the body part. In this arrangement, the
gripper portion gripping surface is formed of a material
having a greater hardness than the body part gripping
surface. In this arrangement, the gripper portion can be
attached to the body part so that the gripper portion
gripping surface projects from the body part gripping
surface, and so that the gripper portion gripping surface
will engage the facing surface of the hole before the body
part gripping surface engages the facing surface of the
hole.Thisengagementof the facingsurfaceof theholeby
the gripper portion gripping surface before the body part
gripping surface engages the facing surface of the hole
allows the gripper portion to break the facing surface of
the hole wall (such as by crushing, crumbling, fracturing
or pulverising the facing surface as described earlier
herein) in the region of the gripper portion gripping sur-
face, including beyond the gripper portion gripping sur-
face, to allow both the gripper portion gripping surface to
penetrate into the facing surface, as well as the body part
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gripping surface, so that the gripper itself grips and holds
against the facing surface.
[0026] The gripper portion can be an insert or inserts
for example, that is or are inserted into the body part
gripping surface.
[0027] The gripper portion can be a single portion, or it
can be 2 ormore, ormultiple portions. As a single portion,
the gripper portion can have one or more peaks or
serrations. Alternatively, the gripper portion can be
formed of two or more separate units that each have
oneormorepeaksor serrations.Theunits canbesquare,
rectangular or cylindrical units.
[0028] The gripper portion can be formed of any sui-
table material that has a greater hardness than the body
part and for example, gripper portion can be formed from
carbide. The carbide can be cemented tungsten carbide
as indicated earlier herein. The hardness of the cemen-
ted tungsten carbide could be in the region of 1000 HV to
2000 HV (Vickers hardness). More preferably the hard-
ness of the cemented tungsten carbide is between 1000
HV and 1500 HV and most preferably the hardness is
between 1100 HV and 1350 HV. Other hard materials
include tool steels, high speed steels, diamond, boron
carbide, and likematerials. The body part and the gripper
portioncanbeselectedbasedon thehardnessof the rock
the rock bolt is to be installed in, so that while steel might
be most commonly used for the body part, because of its
relatively low cost and ease of manufacture, the gripper
portion might vary from harder metals to carbides.
[0029] An anchor according to the present invention
comprises at least one gripper, but preferably 2, 3 or 4
grippers. Where the anchor comprises 2, 3 or 4 grippers
the grippers can be spaced apart generally equidistantly
about a longitudinal axis of the anchor and can be equally
spaced away from the axis. In one form of the present
invention, the anchor comprises 3 grippers.
[0030] Where the gripper comprises a body part that
has an outer facing gripping surface, that surface can
have any suitable profile such as a toothed, knurled,
peaked or barbed profile, or a sawtooth profile. In some
forms of the invention, a sawtooth profile is provided and
the inclination of the teeth of the profile is away from the
direction of insertion of the anchor into a drilled hole, so
that if the peaks of the teeth of the sawtooth profile
engage the wall of the hole during insertion of the anchor
into thehole, the teethcanslide relative to thewallwithout
biting into the wall. The sawtooth profile can extend for
the full width of the body part, which may also be the full
width of the gripper and for substantially the full length of
the body part or of the gripper.
[0031] The gripper portion can be formed as an insert
that is connected to the body part in any suitablemanner.
In some formsof the invention, the bodypart hasa recess
in the body part gripping surface and the insert is fixed
within the recess. The insert can be fixed within the
recess in any suitable manner such as by brazing, or
welding or gluing. Alternatively, the insert can be a press
fit or a friction fit within the recess.Where the body part is

elongate, the a leading end of the body part gripping
surface, or the trailingend, or generally centrally between
the leading and trailing ends. The recess can be provided
towardsoneor otherof theopposite sidesof thebodypart
or generally centrally between the opposite sides.
[0032] The recess can be a blind recess so that it has a
baseandaperipheralwall upstanding from thebase.The
insert canbesupportedon thebaseof the recesssave for
any braze, weld or glue or other connection that might be
interposed between facing surfaces of the insert and the
base. In this arrangement, when the gripper is expanded
outwardly to engage or grip the facing surface of a hole in
which the anchor is installed, the insert is supported to
push against the facing surface of the hole by the recess
base.
[0033] The peripheral wall can extend fully about the
base or partially about the base. For example, the insert
can have a leading end and a trailing end and side walls
extending between the leading and trailing ends, with the
leading and trailing ends being aligned generally with the
axis of insertion of the anchor into a hole in which the
anchor is to be installed. In this form of the invention, the
peripheral wall can bea close fit about at least the leading
endand thesidewalls of the insert, so thatwhen the insert
gripping surface engages the facing surface of the hole in
which the anchor is installed, the peripheral wall resists
relative movement of the insert within the recess from
side to side as well as in one axial direction. That axial
direction will be the direction in which the insert would
tend to move relative to the body part when the anchor is
engaged with the facing surface of a hole in which the
anchor is installed and the rock bolt is tensioned.
[0034] Alternatively, the peripheral wall can extend
fully about the base and be a close fit about the leading
and trailing ends and the side walls of the insert. In this
form of the invention, the peripheral wall resists relative
movement of the insert within the recess in any direction.
In this form of the invention, connection of the inset to the
body part is facilitated by the insert being placed and
secured within the recess prior to brazing, welding or
gluing or the like. The brazing process can involve apply-
ing a fluxing agent into the recess and loading a braze
alloy the into the recessandapplying further fluxingagent
as required. The insert can then be placed on top of the
braze alloy and then the gripper as assembled can be
heated, such as by conductive heating by electric coil, or
in an oven.
[0035] Each of the body part and the insert can be
elongate and the elongate axis of the insert can be
generally aligned with the elongate axis of the body part.
The size of the body part can be greater than the insert
and the gripping surface of the body part can have a
greater area than the gripping surface of the insert. The
ratio of the gripping surfaceof the body part and the insert
can be in the order of about 10:1, or 8:1, or 6:1, or 4:1 or
2:1 for example. Inprototypesdeveloped todate, the ratio
is in the order of about 7.2:1.
[0036] The gripper portion can be attached to the body
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part to project outer facing gripping surface of the gripper
portion from the body part gripping surface any suitable
amount. The projection of the gripper portion from the
body part gripping surface can vary because the body
part gripping surface itself will usually vary in height
based on the profile of the gripping surface. For example,
if the body part gripping surface has a sawtooth profile,
the profile will include peaks and troughs, so that the
gripper portion will project from the body sawtooth profile
a greater amount at a trough of the profile and a lesser
amount at a peak of the profile.
[0037] Where the profile of the body part gripping sur-
face varies in height, say from a rear surface of the body
part, the gripper portion gripping surface can also vary in
order that the projection of the from thebody part gripping
surface is consistent across the body part gripping sur-
face.However, in some formsof the invention, thegripper
portion gripping surface has a constant or consistent
height or depthandso theprojectionof thegripper portion
from the body part gripping surface varies.
[0038] What is important in this form of the invention is
that the gripper portion gripping surface projects from the
body part gripping surface sufficiently so that insert grip-
pingsurfaceengages the facingsurfaceofahole inwhich
the anchor is installed before the body part gripping sur-
face engages the facing surfaceof the hole and that there
is sufficient advance engagement of the gripper portion
gripping surface with the facing surface of a hole to allow
the gripper portion gripping surface to break or penetrate
into the facing surface (by crushing, crumbling, fracturing
or pulverising the facing surface as described earlier
herein) so that the gripper portion gripping surface can
grip the facing surface. Where the body part has a grip-
ping surface in addition to gripper portion gripping sur-
face, once the gripper portion has acted on the facing
surfaceof thehole in themanner described, thebodypart
gripping surface may then engage and grip the facing
surface. This is different towhere thegripper consists of a
steel body part only when used with hard rock that has a
greater compressive strength than steel.
[0039] With a gripper in accordance with the invention,
the facing surface of the rock will be changed by the
gripper portion (broken or penetrated or as otherwise
described herein) and then gripping of the rock face
can be by a combination of the gripper portion and the
body part, or just by the body part. In that latter respect, in
some forms of rock, generally softer rocks, the body part
will have theprimary gripping functiononce the surfaceof
the rock face has been changed or altered by engage-
ment with the gripper portion. It is even possible that the
gripper portion will have the primary gripping function if
the rock face is sufficiently hard that the body part grip-
ping surface does not approach the facing surface of the
rocksufficiently toengageandgrip the facingsurface. It is
expected that this would be very hard rock.
[0040] It is expected that the gripper portion gripping
surface will tend to fracture or change the facing surface
beyond the area of the gripper portion gripping surface,

so that the facing surface around the gripper portion
gripping surface will also fracture, crush or crumble to
some extent, so that the fractured, crushed or crumbled
surfacewill be broader than just where the insert gripping
surface engages the facing surface and that broader
fractured, crushed or crumbled surface will allow the
body part gripping surface to subsequently grip, bite or
penetrate into the facing surface, thus allowing the grip-
per to grip the facing surface. The gripper will thus poten-
tially grip the facing rock surface across each of the
gripper portion gripping surface and the body part grip-
ping surface.
[0041] The body part gripping surface and the gripper
portion gripping surface can have the same gripping
profile, with the gripping profile of the gripper portion
projecting from the gripping profile of the body part grip-
ping surface. Example gripping profiles for both can be
toothed, knurled or barbed profiles, or sawtooth profiles.
Alternatively, the body part gripping surface and the
gripper portiongripping surface canhavehavingdifferent
gripping profiles. In some forms of the invention, the
gripping profile of the body part gripping surface is a
sawtooth profile, while the gripping profile of the gripper
portion gripping surface is formed from multiple projec-
tions, for example conical, frusto-conical or pyramid-
shaped projections, whereby apexes or peaks of the
projections project from the body part gripping surface.
Thegrippingprofileof thegripper portiongrippingsurface
can include a few as two projections, although in some
forms of the invention, four or more projections are pro-
vided. These projections can be provided in any suitable
formation, such as a square formation, or in a column. In
some forms of the invention, two generally parallel rows
of projections are provided. In some forms of the inven-
tion, each row includes the same number of projections
and for example, each row can include 3, 4, 5, 6 or 8
projections, or more.
[0042] As indicated earlier herein, the gripper portion
can be formed from multiple units, such as cylindrical
inserts that each have a gripping profile and that are
friction fitted to the body part, or otherwise attached to
the body part. The gripper portion could be formed from
one or more projections, nodules or buttons for example.
These could be attached to the body part, such as to a
platform or base of the body part. These could be ce-
mented tungsten carbide projections, nodules or buttons
and the platform or base could be formed within the body
part gripping surface, such as in an area where any
gripping profile has been removed for attachment of
the projections, nodules or buttons.
[0043] Where the gripper portion gripping surface has
a multi-peaked profile, such as formed from multiple
nodules or buttons, or conical, frusto-conical or pyra-
mid-shaped projections, at least the distal ends or
apexes of the projections will project from the body part
gripping surface. The projections can be three-sided or
four-sided projections, or circular or curved, or arrow
shaped for example. Apexes or distal ends of the projec-
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tions can be pointed or sharp, or blunt such as convexly
curved or even flat. The projections can be any suitable
shape that can be formed from amaterial having a great-
er hardness than the body part, carbide for example, and
that can penetrate into a hard rock wall.
[0044] Much of the discussion above has focussed on
the construction of the gripper or grippers of the anchor of
the present invention. Beyond the gripper or grippers, the
anchor is otherwise also unique in the manner of its
construction. The anchor itself will now be discussed in
more detail.
[0045] The anchor comprises a connector for connect-
ing to a tendon, which, as will be appreciated from the
discussion above, is likely to be a cable for most applica-
tions of the present invention, but which could also be a
rod, bar or tube, such as a split tube. In some forms of the
invention, the connector is a barrel and wedge connector
that attaches to the leading end of the tendon. The barrel
part of the connector can be an internal wall of a body
section of the anchor which is tapered, or the barrel can
be a separate component that is mounted within the
anchor. Thebody section of the anchor canbeamandrel.
The connector can bemovable within the barrel so that it
can move in a first wedge opening direction to a position
in which the wedges are open sufficiently to receive the
leading end of the tendon and can thenmove in a second
and opposite closing direction to close about and grip the
leading end. The connector can be housed in the anchor
for movement longitudinally of the anchor between lead-
ing and trailing ends of the anchor and the connector can
bebiased towards theseconddirectionso thatassoonas
the connector has moved in the first direction sufficiently
to open widely enough to accept the leading end of the
tendon, the connector is biased in the second direction to
grip the leading end. The connector can be housed in the
anchor so that as the tendon is tensioned the connector
moves further in the second direction to progressively
more firmly grip the leading end, so that the gripping load
continues to increase as the tension load applied to the
tendon is increased.
[0046] The connector can be housed in a leading end
of the anchor and the leading end can be closed by cap
which can have a pointed shape to facilitate entry of and
passageof the anchor intoand throughadrilledhole. The
cap can be conical, frusto-conical or pyramid-shaped for
example. A spring can be mounted between the cap and
the connector to bias the connector in the second direc-
tion of movement as discussed above. The cap can
connect to the body section of the anchor.
[0047] The outer surface of the of the anchor can be
tapered from a larger diameter leading end to a smaller
diameter trailing end. The gripper or grippers can be
mounted to the outer surface of the body section, so that
relative to the body section, the gripper or grippers can
shift or move between an installation position at the
smaller diameter trailing end and an expanded position
at the larger diameter leading end. The gripper or grip-
pers can be mounted to the outer surface of the body

section in any suitable manner and in some forms of the
invention, the gripper or grippers are moveably mounted
to the body section by a sliding keyed arrangement and
so that the gripper or grippers are connected to the body
section against removal, but the gripper or grippers can
slide relative to the body section between the smaller
diameter trailingendand the larger diameter leadingend.
In some forms of the invention, the body section includes
a T-shaped keyway and the gripper or grippers include a
complementary T-shaped key extending froma rear face
of the gripper or grippers.
[0048] The anchor can include an abutment to limit
movement of the gripper or grippers in the direction of
the smaller diameter trailing end. In some forms of the
invention, the abutment can be movable so that even
though the gripper or grippers is in abutting contact with
the abutment, the abutment can allow further movement
of the gripper or grippers in the direction of the smaller
diameter trailing end. This can be beneficial to allow the
gripper or grippers to retract along the tapered surface of
the body section of the anchor sufficiently to allowease of
insertion of the anchor into a drilled hole where the
diameter of the drilled hole causes the gripper or grippers
to scrape against the facing surface of the hole as the
anchor is inserted. The abutment can be biased in the
direction towards the larger diameter end of the body
section so that once the anchor has reached the installa-
tion position, the gripper or grippers are biased into
engagement with the facing surface of the hole. The
abutment can be formed as a bracket that includes
one or more extending fingers or arms, distal ends of
which abut against the gripper or grippers. The gripper or
grippers can have a slot formed in the trailing end to
accept or receive a leading end of the finger or arm to
secure each gripper relative to the finger or arm.
[0049] The gripper or grippers can disconnect from the
abutment as the rock bolt is tensioned and the gripper or
grippers move relative to the body section towards the
larger diameter leading end of the body section, depend-
ing on how far the gripper or grippers move under the
tension exerted on the rock bolt.
[0050] A rock bolt according to the present invention
includes a tendon having a leading and trailing end and
an expandible anchor attached to the leading end,
whereby the anchor is as hereinbefore described. The
leading end of the tendon is connected to the anchor,
such as by the barrel andwedge arrangement discussed
earlier herein. That connection ismadebefore theanchor
is inserted intoadrilledholeand inparticular, if the tendon
is a cable, the anchor is attached to the free end of the
cable and the cable is fed from a reel to feed the anchor
and cable into the hole.
[0051] Once the anchor has been positionedwithin the
hole, the cable reel from which the cable is fed, can
tighten the cable to expand the anchor into engagement
with the wall of the hole, ie set the anchor. This is not the
final tension loadapplied to the cable, but is an initial load.
The cable can then be severed from the reel and with the
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anchor set in the hole, the cable attached to the anchor
cannot fall out of the hole. The installationmachinery can
then move to the next point of rock bolt installation while
other personnel andmachinery can immediately re-enter
the area of the rock bolt to further tighten the cable and to
apply a rock plate assembly to the trailing end of the
cable. This system advantageously allows bolting to
occur by forward movement of bolting machinery into
the excavated area being bolted, which is desirable and
which is the reverse of which happens in current bolting
arrangements.
[0052] The rock plate assembly can be of any suitable
kind. The cable can be tensioned causing the anchor to
grip the facing internal wall of the hole by the gripper or
grippers expanding into contact with the facing surface of
the hole. Where the hole is drilled in hard rock, or very
hard rock, the carbide of the insert will cause the rock
surface to crush, crumble or fracture, allowing both the
insert gripping surface and the body part gripping surface
to grip the facing surface.
[0053] Once the facing surface of the hole has been
engaged by the gripper portion gripping surface, and the
body part gripping surface has subsequently engaged
the facing surface, the major gripping load may be pro-
vided by the body part of the gripper or grippers, rather
than the gripper portion. That is, in some rock strata, the
function of the gripper portion may be to initially engage
the facing wall surface to treat, damage or affect the
facing surface. The treatment, damage or effect on the
facing surface is expected to be crushing or fracturing the
facing surface, but itmaymanifest differently and indeed,
the level of any crushing or fracturing may be very low,
even to the point that the wall surface or scratched or
roughened as compared to pre-engagement by the grip-
per portion. The intention at this stage is not to damage
the facing surface too much. In hard crystalline rock it is
expected therewill be somecrushingwithin and adjacent
the gripper portion, but the level of that damage is in-
tended to be just enough for the gripper portion to ’key’
into the facing surface to grip the facing surface. Where
the gripping surface of the gripper is the combination of
the gripper portion gripping surface and the body part
gripping surface, the gripper portion gripping surface is
intended to project beyond the body part only so that the
gripper portion gripping surface can act on the facingwall
surface for a short period to treat, damage or affect the
facing surface, before the body part gripping surface
engages the facing surface and the contact pressure
of the gripper against the facing surface lowers, prefer-
ably to below the compressive strength of the rock, by the
increased surfaceareaof the gripper engaging the facing
surface.
[0054] It follows that the intention is prevent significant
or even catastrophic damage to the rock surface in the
area the anchor expands against. Tests conducted to
date show that there can be very little damage to a facing
surface, even though an improved grip of the anchor
within the hole is produced.

Brief Description of Drawings

[0055] In order that the invention may be more fully
understood, some embodiments will now be described
with reference to the figures in which:

Figure1 is aperspective viewof a rockbolt according
to a first embodiment of the present invention.

Figure 2 is an exploded viewof the anchor of the rock
bolt of Figure 1.

Figure 3 is a perspective view of a gripper of the
anchor of Figure 2, in abutting contact with a bracket.

Figure 4 is a perspective view of a mandrel of the
anchor of Figure 2.

Figure 5 is a perspective view of a gripper of the
anchor of Figure 2.

Figure 6 is a side view of the gripper of Figure 5.

Figures7 to9showalternativegripper constructions.

Detailed Description

[0056] Figure 1 is a perspective view of a rock bolt 10
according to one embodiment of the present invention
and comprises an anchor 12, a tendon in the form of a
cable 14 and a rock plate installation comprising a rock
plate 16 and a barrel and wedge arrangement 18. The
cable 14 is shown broken to indicate that it can be of any
length.
[0057] It will be appreciated that the rock bolt 10 is
intended to be installed in a hole that is drilled within a
body of rock or a rock strata. The anchor 12 is provided at
the leading end of the rock bolt 10 and is fed into the hole
by bolting equipment in connection with a leading end of
the cable 14. The cable 14 is fed from a cable reel. The
anchor 12 is fed into the hole to be positioned usually at
the inner end of the hole and the cable 14 extends rear-
wardly from the anchor 12. With the anchor 12 and the
cable14 installed in thehole, theanchor12canbe initially
activated by the bolting equipment pulling on the cable
14. With the anchor 12 activated and thus anchored
within the hole, the cable 14 is also secured so that it
canbeseveredat the openendof thehole, disengaging it
from the bolting equipment and usually leaving about
300mm extending out of the opening of the hole. The
bolting equipment can then move onto the next bolting
location, while personnel and tensioning machinery can
move into place to apply the rock plate assembly to the
trailingendof the cable 14and to thenapply theoperating
or working tension to the cable 14. This process is highly
advantageous, as personnel are prohibited from ap-
proaching the installed rock bolt if the cable of the bolt
is loose and can fall out of the hole. The present invention
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can initially secure the cable within the hole sufficiently to
allow personnel to approach while the bolting equipment
moves to the next upstream bolting location.
[0058] The rock plate 16 has a central opening through
which the trailing end of the cable 14 extends and the
barrel andwedgearrangement18 isattached to thecable
14 to the side of the rock plate 16 shown in Figure 1.
[0059] The rockbolt 10canbe installedwithinanempty
hole, or in a hole that has been filled with a cement grout
or resin, so that the anchor 12 and the cable 14 pushes
through the grout as it is installed within the hole.
[0060] Thebarrel andwedgearrangement18canbeof
a known form that attaches to the trailing end of the cable
14 and which grips the trailing end and bears against a
facing surface of the rock plate 16. The barrel and wedge
arrangement 18 is constructed with an outer sleeve 20
which accommodates inner wedges (not visible in Figure
1), in amanner that thecable14canbepulled through the
wedges in the direction of arrow A, but which grips the
cable 14 to prevent it from moving in the opposite direc-
tion. The barrel and wedge arrangement 18 thus allows
the cable 14 to be tightened by pulling it in the direction of
arrowA,which results in thearrangement18pressing the
rock plate 16 into firm engagement against a facing rock
strata.
[0061] Figure 2 is an exploded view of the anchor 12.
The anchor 12 comprises a cap 24, wedges 26, a first
spring 28, a body section, anchor body or mandrel 30,
shells or grippers 32, a bracket 34, a second spring 36
and a tube 38.
[0062] To connect the cable 14 to the anchor 12, the
leading end of the cable 14 extends through the anchor
12 and into the wedges 26. The leading end of the cable
14 can push into the wedges 26, but if the cable 14 is
pulled in the opposite direction, the wedge 26 grips the
leading end of the cable 14 and securely connects to it.
[0063] The wedges 26 are accommodated within the
mandrel 30 and the proximal end of the cap 24 connects
to the leading end of the mandrel 30 by screw thread
connection. One end of the spring 28 bears against the
cap 24, while the other bears against the wedges 26 so
that when the leading end of the cable 14 is pushed into
the wedges 26, the wedges 26 can push against the
spring 28 to open and accept the leading end of the cable
14 and thereafter the spring 28 biases thewedges 26 into
gripping engagement with the cable 14. That gripping
engagement increases as the cable is pulled in the
direction A of Figure 1.
[0064] The mandrel 30 tapers from the leading end 40
the trailing end 42. The bracket 34 fits to the trailing end
42 and includes three arms 44 that extend toward the
leading end 40 as shown in Figure 1. There is one arm 44
for each of the grippers 32. As shown in Figure 3, the
grippers 32 have a rear end 46 that includes a recess or
slot 48 to accept or receive a leading end 52 of the arms
44. The slot 48 has an inner end 50 against which the
leading end 52 of each arm 44 abuts.
[0065] The leading ends 47 of the grippers 32 also

include a key 54 that is formed in a T‑ shape and that
is in sliding connection with a complementary shaped
keyway 56 as shown in Figure 4. The keyway 56 is open
at the leading end 40 of the mandrel 30 and is closed at
the trailing end 42, so that the key 54 can be fitted to the
keyway56at the leadingend40of themandrel 30, but the
key54cannot slideout of the keyway56at the trailingend
42. The grippers 32 can thus slide longitudinally relative
to the mandrel 30. Travel of the grippers 32 is prevented
in the direction towards the trailing end 42 of themandrel
30 either by reaching the end of the keyway 56 at the
trailing end 42, or upon abutment between the leading
end52of the arms44with the inner end50of the slots 48.
As will be described later herein, the grippers 32 move
away from the bracket 34 in a direction towards the
leading end 40 of the mandrel 30 during expansion of
the anchor 12 by the grippers 32 sliding longitudinally
relative to themandrel 30 by slidingmovement of the key
54 within the keyway 56.
[0066] Figure 5 illustrates a gripper 32 in isolation and
clearly shows that the front surface58hasanouter facing
gripping surface formed in a sawtooth profile. The saw-
tooth profile is formed in a body part 60 of the gripper 32
that is formed of a material, such as steel. The body part
60 has a central recess, slot or channel (hereinafter
"recess") within which is disposed a gripper portion in
the form of an insert 62. The insert 62 can be formed of a
carbide material. In the exploded view of Figure 2, the
carbide insert 62 is shown separate from the body part 60
and in one of the grippers 32, the central recess 64 is
visible. The insert 62 is fixed within the recess 64 by any
suitable arrangement, such as by brazing.
[0067] Figure 6 is a side view of the gripper 32 and
shows that the insert 62 has a front surface 66 that has a
gripping profile that is a multi peaked or serrated profile.
Figure 6 also shows that the peaks of the front surface 66
project proud of, or ahead of the front surface 58 of the
body part 60. It follows, that when the grippers 32 are
expanded into engagement with the facing surface of a
drilled hole, the peaks of the insert 62 will generally
engage the facing surface before the front surface 58
of the body part 60. The reason for this configuration will
become evident from the discussion later herein.
[0068] Returning to Figures 1 and 2, the anchor 12
further includes the spring 36 and the tube 38. As shown
in Figure 1, the spring 36 seats at the leading end against
thebracket 34andat the trailingendagainst the flange68
of the tube 38. The leading end 70 of the tube 38 thread-
ably connects to the trailing end 42 of themandrel 30 and
the spring 36 applies a bias to the bracket 34 tending to
maintain contact between the bracket 34 and the trailing
end42of themandrel 30and the spring load is distributed
to themandrel through the bracket 34. The spring 36 can
be compressed during installation of the anchor 12 in a
drilled hole to allow the bracket 34 to shift rearwardly and
the grippers 32 to move towards the trailing end 42 of the
mandrel 30 to reduce the radial dimension of the anchor
12. This allows the anchor 12 to continue passage
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through a drilled hole where the diameter of the drilled
hole is less than the radial dimension of the anchor 12
when the grippers 32 are in the initial position shown in
Figure 1 as explained below.
[0069] A flanged sleeve 72 holds the grippers 32 in a
retracted position prior to the anchor 12 being inserted
into a drilled hole. The sleeve 72 is intended to catch at
the opening of the hole and to slide off the anchor 12 as
the anchor 12 is pushed into the hole. The flange 74
ensures that the sleeve 72 catches the opening of the
hole. The sleeve 72 also protects the tips of the grippers
32 prior to installation.
[0070] During insertion of the rock bolt 10 into a hole, if
the outer surface of the grippers 32 engages the facing
surface of the hole, such as by scraping along the facing
surface, the loadapplied to thegrippers 32canovercome
the spring bias of the spring 36 allowing the bracket 34 to
shift in the direction A (Figure 1), and allowing the grip-
pers 32 to also shift in the direction A relative to the
mandrel 30 along the taper of the mandrel 30 towards
the trailing end 42. That movement of the grippers 32
reduces the outer diameter of the anchor 12 and thus
shifts the outer surface of the grippers 32 away from the
facing surface of the hole, facilitating continued insertion
of the rock bolt 10 into the hole. It is also to be noted that
thesawtoothprofileof the front surface58of thebodypart
60 is inclined away from the direction of insertion of the
anchor 12 into the hole so that the peaks of the profile do
not bite into the facing surface of the hole if the front
surface 58 scrapes against the facing surface of the hole.
Likewise, the peaked profile of the insert 62 is also
inclined away from the direction of insertion of the anchor
12 into the hole.
[0071] When theanchor12and thecable14havebeen
pushed either to the inner end of the drilled hole, or to the
desired position within the hole, the anchor can be acti-
vated. The drilled hole will be drilled to a diameter such
that the outer faces of the grippers 32 will be in touching
contact with the facing surface of the hole and that
touching contact is assisted by the spring 36 urging the
bracket 34 forward to shift the grippers 32 upwards along
the wider part of the mandrel 30. That touching contact
between the grippers 32 and the facing surface of the
hole will usually be sufficient to be resistant to movement
of the grippers 32 relative to the facing surface in the
direction A so that when the anchor is activated, the
grippers 32 will remain stationary relative to the facing
surface while the mandrel 30 and the other anchor com-
ponents connected to the mandrel 30, move in the direc-
tion A. Activation can be achieved by applying a pull load
on the cable end 22, which causes the mandrel 30 to
move in the direction A relative to the grippers 32 so that
the grippers 32 travel up the taper of the mandrel 30
towards the leading end 40 and expand radially out-
wardly into more firm contact with the facing surface of
the hole. As explained earlier herein, an initial pull load
canbeappliedby theboltingequipmentused to install the
rockbolt into thehole.With theanchor12activatedby this

initial pull load and thus anchored within the hole, the
cable 14 is also secured so that it can be severed at the
open end of the hole, disengaging it from the bolting
equipment. The bolting equipment can then move onto
the next bolting location, and personnel and tensioning
machinery can move into place to apply the rock plate
assembly to the trailing end of the cable 14 and to then
apply the operating or working tension to the cable 14.
The load applied to the cable 14 can be set to reach a
certain predetermined load before it is released, depend-
ing on the type of rock strata in which the rock bolt 10 is
being installed.
[0072] It will be appreciated that in most cases, the
initial touching engagement between the grippers 32 and
the facing surfaceof the holewill be between theprofile of
the front surface 66 of the insert 62, given that, as shown
inFigure6, thepeaks of the front surface66project proud
of, or ahead of the front surface 58 of the body part 60.
This is important where the anchor 12 is being expanded
into engagementwith awall that is hard or very hard.With
such a hard wall, the front surface 58 of the body part 60
may not be itself sufficiently hard to key, bite or expand
into the wall surface, thus leaving frictional engagement
only. However, the carbide inserts 62 of the grippers 32
have a hardness that ordinarily will exceed the compres-
sive strength of the rock strata in which the anchor 12 is
being installed and so expansion of the grippers 32 to
bring the peaks of the front surface 66 of the inserts 62
into engagement with the facing surface of the hole can
result in the peaked surface to change the facing surface,
such as by keying, penetrating or breaking into the facing
surface, causing it to crush, crumble or fracture. This
crushing, crumbling or fracturing or pulverising of the
facing surface of the hole allows the peaks of the inserts
62 to penetrate into the facing surface of the hole, grip-
ping the facing surface. This penetration or purchase
may be very minor or even close to negligible, but is
greater than no penetration or purchase, which would be
purely or solely frictional. Additionally, the crushing,
crumbling or fracturing of the hole surface may not be
confined to just in the area of the inserts 62, but the
fracturing, crushing or crumbling might be broader be-
yond the boundaries of the inserts 62, even just slightly
beyond the boundaries and if so, will allow the front
surface 58 of the body part 60 to also bite into the facing
surface. The grippers 32 thus obtain purchase in the
fractured, crushed or crumbled section of the facing wall
either by the grippers 32, or by a combination of the
grippers 32 and the body parts 60, or by the body parts
60. In this latter situation, the grippers 32 can penetrate
into the facing surface of the drilled hole, causing it to
crush, crumble or fracture, but that effect on the facing
surface may preclude the grippers 32 from applying a
meaningful gripping load. In this situation, the front or
gripping surface 58 of the body parts 60 will come into
contactwith the facing surfaceof the hole and itwill be the
body parts 60 of the grippers 32 that apply the gripping
load required to securely anchor the anchor 12 within the
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hole.
[0073] The grippers 32 are unique in relation to the use
of the two separate materials of the body part 60 and the
insert 62. In the illustrated embodiment, the body part 60
and the insert 62 can combine togrip the facing surfaceof
the hole by the insert initially causing the facing surface to
crush, crumble or fracture and then the body part 60 is
able tomorebroadly engage the fractured facing surface,
that it otherwise would not penetrate into because of the
hardness of the rock. Without the inserts 62, the fractur-
ing of the facing surface of the hole in hard rock on
activation of the anchor 12 may not occur, thereby com-
promising the stability of the anchor 12 within the hole.
[0074] The use of the two separate materials of the
body part 60 and the insert 62 is also unique in providing
dual properties that the materials of the body part 60 and
the insert 62 do not provide separately. As explained
above, theuse just of thebodypart 60will not besufficient
togripaholewallwhere the rockstrata is sufficiently hard.
While the inserts 62 can be made of material that will
facilitate gripping of a hard hole wall, manufacture of a
gripper completely from amaterial such as carbide is not
feasible because the gripper would likely be either too
brittle, too expensive and/or too difficult to manufacture.
Accordingly, the combination is a unique and beneficial
solution.
[0075] However, it should be appreciated that the grip-
pers 32 are just one form of gripper that falls within the
scope of the present invention as explained earlier here-
in.
[0076] As an alternative, instead of the insert 62, the
recess 64 of front surface 58 could be omitted so that the
front surface 58 has an uninterrupted sawtooth profile.
The front surface 58 could be coated either fully or
partially with a hard coating, such as a carbide coating
to form the gripper portion. An arrangement of this kind is
shown in Figure 7, inwhich the gripper 76 has a body part
78 and a gripper portion 80, whereby the body part 78 is
formed from steel, such as like the body part 60 of the
earlier figures, and the gripper portion 80 is formed from
carbide. The interface between the body part 78 and the
gripper portion 80 is at the junction 82. The carbide
gripper portion 80 has a front face 84 that has a sawtooth
profile like the gripper 32 but there is no recess for receipt
of an insert. Rather, the full front face of the gripper 76 is a
carbide face. The gripper portion 80 can be fixed to the
body part 78 in any suitable manner such as by brazing.
[0077] In alternative forms of the invention, the body
part 78 could include a sawtooth profile, like the body part
60 of the gripper 32, but without a recess for receiving the
insert 62, and the profile could be partly or fully coated
with a suitable coating, such as a carbide coating. The
coating could be applied for example, over a central
section of the front face 84 (over the same surface area
for example, as the front surface 66 of the insert 62 - see
Figure 5) so that the coated area would be raised above
the surrounding sawtooth profile, and the surrounding
profile would remain a steel surface.

[0078] A further alternative is illustrated in Figure 8, in
which a gripper 86 includes a body part 88 that has a front
face 90 that is formed in a sawtooth profile. The body part
88 is a steel part. Three separate and spaced apart
circular gripper portions 92 are fixed within circular re-
cesses is formed within the front face 90 of the body part
88 and the front faces 94 of the gripper portions 92 are
each formed with peaked profiles similar to the front
surface 66 of the insert 62 of the previous figures. Figure
9 is a side view of the gripper 86 of Figure 8 and shows
that the peaks of the profiles of the gripper portions 92
project above the sawtooth profile of the front face 90 of
the body part 88.
[0079] Figures 7 to 9 illustrate different forms of the
invention from those illustrated inFigures1 to6 that all fall
within the scope of the present invention.
[0080] Where any or all of the terms "comprise", "com-
prises", "comprised" or "comprising" are used in this
specification (including the claims) they are to be inter-
preted as specifying the presence of the stated features,
integers, steps or components, but not precluding the
presenceof oneormoreother features, integers, stepsor
components.
[0081] Those skilled in the art will appreciate that the
invention described herein is susceptible to variations
and modifications other than those specifically de-
scribed. It is understood that the invention includes all
such variations and modifications which fall within the
spirit and scope of the present invention.
[0082] Future patent applicationsmaybe filed claiming
priority from thepresent application. It is to beunderstood
that the following claims are provided by way of example
only, and are not intended to limit the scope of what may
be claimed in any such future application. Features may
beadded tooromitted from theclaimsat a later date soas
to further define or re-define the invention or inventions.

Claims

1. An anchor (12) for a rock bolt (10), the anchor (12)
being connectable to a cable or rod (14) and being
expandable betweenahole insertion condition anda
hole anchor condition, the anchor (12) having:

at least one gripper (32) that is expandable out-
wardly from the insertion condition of the anchor
(12) to theanchor conditionof theanchor (12) for
gripping the facing surface of a hole in which the
anchor (12) is installed,
the gripper (32) comprising a body part (60) and
a gripper portion (62), the body part (60) being
formed from a hard material, the gripper portion
(62) being formed of a material having a greater
hardness than the body part (60), the gripper
portion (62) having an outer facing gripping sur-
face (66) that projects beyond the body part (60)
in the direction of outward expansion of the
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gripper (32).

2. An anchor (12) according to claim 1, the body part
(60) having a recess (64) and the gripper portion (62)
being an insert fixed within the recess (64).

3. An anchor (12) according to claim 2, the recess (64)
being generally central of the body part gripping
surface (58).

4. An anchor (12) according to any one of claims 1 to 3,
the recess (64) having a base and a peripheral wall
upstanding from the base and the insert (62) being
supported on the base within the peripheral wall.

5. An anchor (12) according to claim 4, the insert (62)
havinga leadingendanda trailingendandsidewalls
extending between the leading and trailing ends, the
leadingand trailingendsbeingalignedgenerallywith
the axis of insertion of the anchor (12) into a hole in
which theanchor (12) is tobe installed, theperipheral
wall being a close fit about at least the leading end
and the side walls of the insert (62).

6. An anchor (12) according to claim 1 or 2, the gripper
portion (32) being formed of two or more gripper
portion units (92).

7. An anchor (12) according to claim 6, the gripper
portion units (92) each being located in a recess in
the body part (88).

8. An anchor (12) according to claim 7, the gripper
portion units (92) being circular and being inserted
into circular recesses, such as by brazing or friction
fit.

9. An anchor (12) according to claim 1, the body part
(88) having an outer facing gripping surface (90) and
the gripper portion (92) being connected to the body
part (88) so that theouter facinggrippingsurface (94)
of the gripper portion (92) projects from the body part
gripping surface (90).

10. An anchor (12) according to claim 9, the body part
gripping surface (90) having a different gripping pro-
file to the gripper portion gripping surface (94).

11. An anchor (12) according to claim 10, the gripper
portion gripping surface (94) having a multi peaked
or serrated profile formed from multiple projections
whereby distal ends or apexes of the projections
project from the body part gripping surface (90).

12. An anchor (12) according to claim 10 or 11, the body
part gripping surface (90) having a sawtooth profile.

13. Ananchor (12)according toanyoneof claims1 to12,

the body part (60) being made of steel and the
gripper portion (32) beingmade of tungsten carbide.

14. Ananchor (12)according toanyoneof claims1 to13,
the anchor (12) having a leading end and a trailing
end and at least one gripper (32) being moveably
mounted to a tapered mandrel (30) whereby the
mandrel (30) has a smaller diameter trailing end
(42) and larger diameter leadingend (40), expansion
of the gripper (32) is by movement of the mandrel
(30) relative to the gripper (32) so that the gripper
(32) shifts on the mandrel (30) in a direction towards
the leading end (40) of the mandrel (30).

15. Ananchor (12)according toclaim14, thegripper (32)
being moveably mounted to the mandrel (30) by a
sliding keyed arrangement (54,56) and the gripper
(32) having an installation position relative to the
mandrel (30) and an expanded condition, at least
in the installation position, the gripper (32) is in en-
gagement with a movable abutment (52).
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