I*I Innovation, Sciences et Innovation, Science and CA 3049061 C 2021/01/26

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 049 06 1
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépdt PCT/PCT Filing Date: 2017/01/09 (51) ClLint./Int.Cl. E27D 21/00(2006.01)
(87) Date publication PCT/PCT Publication Date: 2018/07/12 | (72) Inventeurs/Inventors:
o . HOSP, MICHAEL, AT,
(45) Date de délivrance/lssue Date: 2021/01/26 UNTERLERCHNER, MARKUS, AT
(85) Entrée phase nationale/National Entry: 2019/07/02 e
(73) Propriétaire/Owner:
(86) N° demande PCT/PCT Application No.: EP 2017/050331 MINOVA INTERNATIONAL LIMITED, GB

(87) N° publication PCT/PCT Publication No.: 2018/127294 (74) Agent: OYEN WIGGS GREEN & MUTALA LLP

(54) Titre : TIRANT COMPOSITE ELASTIQUE POUR ROCHE A PLAGE DE DEFORMATION AMELIOREE
(54) Title: COMPOSITE YIELDABLE ROCK ANCHOR WITH IMPROVED DEFORMATION RANGE

(57) Abrégé/Abstract:

The present invention pertains to a yieldable rock anchor (10), comprising an elongated tendon (12) extending longitudinally along
a tendon axis (A) from a proximal end (16) to a distal end (18), wherein the tendon includes a substantially non-yielding rigid first
anchor portion (20) at or near said distal end (18) and extending towards said proximal end (16), and at least one plastically
deformable axially yielding portion (26) intermediate said non-yielding rigid first anchor portion (20) and said proximal end (16). The
first anchor portion (20) may be a hollow bar member, and the first anchor portion (20) and the at least one yielding portion (26) are
integrally joined or coupled to one another to form at least part of said elongated tendon (12).

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca ( Eal lada



wo 20187127294 A1 |0 000

CA 03049061 2019-07-02

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
12 July 2018 (12.07.2018)

(10) International Publication Number

WO 2018/127294 A1l

WIPO I PCT

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

(21) International Application Number:
PCT/EP2017/050331

(22) International Filing Date:

09 January 2017 (09.01.2017)
(25) Filing Language: English
English

(71) Applicant: MINOVA INTERNATIONAL LIMITED
[GB/GB]; Unit 19 Redbrook Business Park, Wilthorpe
Road, Barnsley South Yorkshire S75 1JN (GB).

(26) Publication Language:

(72) Imventors: HOSP, Michael; Johann Lamprecht Str. 20,
9500 Villach (AT). UNTERLERCHNER, Markus; Un-
terhaus 50, 9871 Seeboden (AT).

(74) Agent: BEYER, Andreas; Wuesthoft & Wuesthotf, Paten-
tanwiélte PartG mbB, Schweigerstrasse 2, 81541 Munich
(DE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
KW,KZ,LA,LC,LK,LR,LS,LU,LY,MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))

(54) Title: COMPOSITE YIELDABLE ROCK ANCHOR WITH IMPROVED DEFORMATION RANGE

Fig.1

(57) Abstract: The present invention pertains to a yieldable rock anchor (10), comprising an elongated tendon (12) extending longitu-
dinally along a tendon axis (A) from a proximal end (16) to a distal end (18), wherein the tendon includes a substantially non-yielding
rigid first anchor portion (20) at or near said distal end (18) and extending towards said proximal end (16), and at least one plastically
deformable axially yielding portion (26) intermediate said non-yielding rigid first anchor portion (20) and said proximal end (16). The
first anchor portion (20) may be a hollow bar member, and the first anchor portion (20) and the at least one yielding portion (26) are
integrally joined or coupled to one another to form at least part of said elongated tendon (12).
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Composite yieldable rock anchor with improved deformation range

The present invention relates to a yieldable rock anchor, such as for example used in
mine roof and wall support applications.

Rock anchors, also referred to as rock bolts, are widely used for example in mining
and tunneling for rock reinforcement purposes, in particular to stabilize the wall or
roof of a gallery or tunnel. To this end, boreholes usually between two and twelve
meters long are driven into a rock face. Rock bolts of corresponding length are then
introduced into the boreholes and, depending on the type of rock bolt, are fastened
in the borehole mechanically, e.g. by clamping or bracing, or by means of a bonding
agent. The bonding agent usually is a cement grout or a synthetic resin adhesive.
well known types of rock bolts are mechanical anchors, e.g. expansion shell anchors,
resin rock bolts and so-called SN anchors. Some anchors, such as the SN anchors,
are usually fully grouted, i.e. grouted along their entire length in the borehole. Other
anchors are only fastened in an end region of the borehole, e.g. by means of resin
adhesives or mechanical fastening. Self-drilling anchors do not require a predrilled
borehole. Sometimes, classifying a rock bolt as belonging to a certain type is
impossible, as a large variety of rock bolts is known.

An anchor plate is often mounted onto the end of the anchor element projecting
from the borehole and is clamped against the rock face by means of a nut. In this
way, loads acting in the region of a wall of a gallery or tunnel may be introduced into
deeper rock strata. In other words, by employing rock anchors rock strata more
remote from the wall may be used for load transmission in order to minimize the risk
of collapse of a gallery, tunnel or other structure.

Rock anchors must withstand both dynamic loads and static loads, such as squeezing
ground and large displacements in rock strata. To better cope with in particular
dynamic loads, so-called yieldable rock anchors have been developed, which, in the
event of a predetermined load being exceeded, are able to yield, i.e. are able to
increase their length within specific limits in order to reduce stress acting in the rock
to an amount that the rock anchor can reliably handle. Yieldable rock anchors tend to
have a more complex structure and are, therefore, more expensive than non-
yieldable rock anchors.
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Accordingly, it is an object of the present invention to provide an improved yieldable
rock anchor which may easily be tailored to specific requirements.

It is a further object of the present invention to provide an improved yieldable rock
anchor which is easy to use and inexpensive to manufacture.

It is a still further object of the present invention to provide an improved yieldable
rock anchor which offers a significantly increased deformation range before failing.

With a view to solving the above objects, according to a first aspect the present
invention provides a novel yieldable rock anchor comprising an elongated tendon
extending longitudinally along a tendon axis from a proximal end to a distal end, the
tendon including a substantially non-yielding rigid first anchor portion at or near said
distal end and extending towards said proximal end, and at least one plastically
deformable axially yielding portion intermediate said non-yielding rigid first anchor
portion and said proximal end. Both the first anchor portion and the at least one
yielding portion are hollow bar members, e.g. made from steel or plastic, and the
first anchor portion and the at least one yielding portion are integrally joined to one
another in an end-to-end manner to form at least part of said elongated tendon.
Integrally joining the first anchor portion and the at least one yielding portion may
for example be achieved by welding or, alternatively, by gluing the first anchor
portion and the at least one yielding portion to one another.

According to a second aspect, the present invention provides a novel yieldable rock
anchor comprising an elongated tendon extending longitudinally along a tendon axis
from a proximal end to a distal end, the tendon including a substantially non-yielding
rigid first anchor portion at or near said distal end and extending towards said
proximal end, and at least one plastically deformable axially yielding portion
intermediate said non-yielding rigid first anchor portion and said proximal end. The
first anchor portion may be a hollow or full section bar member, e.g. made of steel,
and the first anchor portion and the at least one yielding portion are coupled to one
another in an end-to-end manner by means of a coupling element to form at least
part of said elongated tendon. The coupling element may be a separate coupling
element, in which case the coupling element may be a releasable coupling element,
or may be integrally joined to either the first anchor portion or the at least one
yielding portion in a unitary or non-unitary manner.
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Any coupling element suitable for reliably joining the first anchor portion and the at
least one yielding portion may be used. According to one preferred embodiment, the
coupling element is an internally threaded sleeve, for example a steel sleeve.
Alternatively, a sleeve acting as the coupling element may be crimped or press fitted
to at least one of the first anchor portion and the at least one yielding portion. Still
further, coupling elements may be glued to at least one of the first anchor portion
and the at least one yielding portion to effect coupling. Coupling elements may have
roughly the same outer diameter as the first anchor portion and the at least one
yielding portion, but may also have a larger or smaller outer diameter. Specifically
designing the coupling elements to have a larger outer diameter than the adjoining
anchor portion and yielding portion may be beneficial in that additional anchor points
along the tendon may thus be created, resulting in improved retention of the tendon
within a borehole.

According to the second aspect of the present invention, the at least one yielding
portion may be embodied as for example a steel bar member which may have a full
section or may be a hollow bar member. The at least one yielding portion may
alternatively be embodied as a profile member, e.g. made of steel, a rope or strand
member, or a fiber reinforced plastic member. A fiber reinforced plastic member
forming the at least one yielding portion may for example be a carbon fiber
reinforced plastic member, such as a carbon composite member.

As will be understood by persons skilled in the art from the above explanations, the
tendon of yieldable rock anchors according to both the first and the second aspect of
the present invention is of composite or fabricated structure, which results in the
various advantages set out below. By composite or fabricated structure we mean that
the tendon is a non-unitary structure including a plurality of separate members (such
as the first anchor portion and the at least one yielding portion) which are rigidly
joined to one another in an end-to-end manner to form at least part of said
elongated tendon.

A yieldable rock anchor according to the present invention may take the form of a
pretensionable rock bolt, e.g. in accordance with European standard EN 1537, or may
take the form of an elongating soil nail, but may also take any other form in which
the substantially non-yielding rigid first anchor portion at or near the distal end of the
tendon is bonded to the surrounding rock structure to firmly anchor the tendon in
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place whereas the at least one plastically deformable axially yielding portion is
suitably decoupled from the surrounding rock structure so as to allow yielding by
axial elongation of the yielding portion. The term 'suitably decoupled' is meant to
encompass situations in which an outer surface of the yielding portion(s) is
prevented from any bonding contact with the surrounding rock structure, but shall
also encompass situations in which there is bonding contact between the outer
surface of the yielding portion(s) and the surrounding rock structure. In the latter
case, however, any bonding contact between the outer surface of the yielding
portion(s) and the surrounding rock surface under load must break up well before
the bonding contact between the outer surface of any rigid anchor portion and the
surrounding rock structure. Preferably, the yieldable rock anchor of the present
invention is of the self-drilling variety.

In addition to the substantially non-yielding rigid first anchor portion, the tendon may
include at least one substantially non-yielding rigid further anchor portion located
intermediate said proximal end and the at least one yielding portion. Typically, the at
least one substantially non-yielding rigid further anchor portion will be arranged at or
near the proximal end of the tendon, and may take the form of an externally
threaded portion configured to cooperate with an anchor plate and nut arrangement
used to clamp the yieldable rock anchor against a rock face and to apply a desired
amount of pretension. In other forms, the yieldable rock anchor according to the
present invention may include an externally threaded portion at or near the tendon's
proximal end, and may include the at least one substantially non-yielding rigid further
anchor portion separate from the externally threaded portion. Also, a plurality of
substantially non-yielding rigid further anchor portions may be provided along the
tendon's length spaced from each other. The or any substantially non-yielding rigid
further anchor portion may be integrally joined or coupled to an adjoining anchor
portion in an end-to-end manner in just the same way as the substantially non-
yielding rigid first anchor portion.

Preferably, the non-yielding rigid first anchor portion and, if applicable, the at least
one or any substantially non-yielding rigid further anchor portion is provided with a
plurality of anchoring members protruding from an outer surface of the respective
anchor portion to enhance fixing interaction between the anchor portion, the bonding
agent and the surrounding rock structure. Anchoring members are preferably
selected from the group of ribs, grooves, slots, indentations, threads, bosses and
studs. Anchoring members may for example be formed onto the outer surface of an



10

15

20

25

30

35

CA 03049061 2019-07-02

WO 2018/127294 PCT/EP2017/050331

-5-

anchor portion by a cold rolling process which in addition to providing the desired
anchoring members will increase the strength of an anchoring portion by reducing
plasticity along the anchor portion.

Contrary to the substantially non-yielding rigid anchor portions, the at least one or
each plastically deformable axially yielding portion preferably has a generally smooth
outer surface facilitating decoupling and allowing for a more predictable and
consistent axial deformation. Due to its integrally joined or coupled construction, the
yieldable rock anchor according to the present invention allows to prefabricate
anchor portions provided with a plurality of anchoring members by for example cold
rolling a continuous length of bar stock which is subsequently cut into anchor
portions of desired length. Likewise, yielding portions may be prefabricated by
cutting bar stock having a generally smooth outer surface into pieces of desired
length. The prefabricated anchor portions and the prefabricated yielding portions
may then be integrally joined or coupled to one another to form the elongated
tendon of a yieldable rock anchor according to the present invention. This allows to
quickly and cost efficiently manufacture yieldable rock anchors of any desired length
which offer superior deformation characteristics, since any desired number of
yielding portions and/or anchor portions may easily be provided and the length
and/or diameter of the anchor portion(s) and the yielding portion(s) may easily be
varied as needed for a given application. Also, while the diameter of all anchor
portion(s) and all yielding portion(s) may be the same, it is contemplated that for
example some or all yielding portions may have a smaller or larger diameter than the
anchor portion(s). Further, not all anchor portions need to have the same diameter.
Instead, the length and/or diameter of both the anchor portion(s) and the yielding
portion(s) may be varied on any given tendon to best suit a particular application.
Still further, different materials may conveniently be used in forming the anchor
portion(s) and the yielding portion(s), such that desired characteristics of the anchor
portion(s) and the yielding portion(s), respectively, may be custom tailored to specific
applications. Different materials may be different type of steels, but may also
combinations of steel and plastic materials or combinations of non-steel materials.
Even if the same type of steel is used for both the anchor portion(s) and the yielding
portion(s), the anchor portion(s) will show a significantly higher strength than the
yielding portion(s), due to the fact that cold rolling or otherwise press forming
anchoring members onto the outer surface of bar stock results in increased strength
and reduced plasticity of the bar stock subjected to these operations. On the other
hand, using pieces of bar stock not subjected to cold rolling or other press forming
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operations as yielding portions will result in those pieces having greater plasticity and
reduced strength compared to the anchor portions, thus ensuring that under load the
yielding portion(s) will axially deform as desired while the anchor portion(s) will be
rigid, i.e. substantially non-yielding.

Preferred embodiments of the yieldable rock anchor according to the present
invention may include a plurality of substantially non-yielding rigid further anchor
portions and a plurality of plastically deformable axially yielding portions, preferably
in alternating arrangement. Every plastically deformable axially yielding portion may
take the form of the at least one yielding portion as described above, that is, every
yielding portion may take the form of a bar member, for example a steel bar member
of hollow or full cross section, or may take the form of a profile member, a rope or
strand member or a member made of fiber reinforced plastics material, such as a
carbon composite member. Combinations are possible, that is, one or more yielding
portions may for example be embodied as hollow bar members made of steel or fiber
reinforced plastic, whereas other yielding portions may be embodied as profile
members or rope or strand members, as desired and suitable for a given application.
It will be understood from what has been described above that embodiments
including a plurality of anchor portions and a plurality of yielding portions in
alternating arrangement may be readily and inexpensively obtained in any desired
length by integrally joining or coupling prefabricated anchor portions and
prefabricated yielding portions to one another as discussed above.

Using any of the above described members as the at least one or any yielding
portion and hollow members as the first anchor portion and the at least one or a
plurality of further anchor portion(s) significantly contributes to obtaining the
superior deformation characteristics. To give an example, in the yieldable rock
anchor according to the present invention the at least one yielding portion preferably
has a deformation range of at least 100 mm/m, more preferably of at least 120
mm/m, and most preferably of at least 150 mm/m, corresponding to an axial
deformation of 10%, 12% and 15%, respectively. Heretofore, axial deformations in
the range of 0.3% to approximately 2% were known from the prior art. It follows
that the yieldable rock anchor according to the present invention represents a huge
improvement over prior art yieldable rock anchors.

While it has been explained above that anchor portions and yielding portions may be
made of the same type of steel, it is also possible for hollow bar members
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constituting the at least one yielding portion to be made from steel that is different
from the steel used for making the hollow bar members constituting the first anchor
portion and any further anchor portion. Specifically, steel showing superior yielding
properties may be used to prefabricate hollow bar members intended to form
yielding portions, whereas steel showing superior strength may be used for
prefabricating hollow bar members intended to form substantially non-yielding
anchor portions. Again, due to the integrally joined or coupled construction of the
yieldable rock anchor according to the present invention, hollow bar members made
from different types of steel may readily and inexpensively be joined to one another,
as desired. Still further, and likewise due to the integrally joined or coupled
construction, hollow bar members intended to form yielding portions may be heat
treated to thus reduce strength and increase plasticity, while non-heat treated hollow
bar members may be used for forming anchor portions. As will be understood by
persons skilled in the art, the integrally joined or coupled construction of the
yieldable rock anchor according to the present invention provides for a great deal of
flexibility in designing custom tailored yieldable rock anchors.

While in many embodiments of yieldable rock anchors according to the present
invention the outer diameters of the anchor portion(s) and the yielding portion(s) will
be at least roughly the same, in other embodiments the at least one or at least one
or every yielding portion may have an outer diameter that is smaller or larger than an
outer diameter of an adjacent rigid anchor portion. Appropriately selecting the outer
diameter of a yielding portion to be smaller or larger than the outer diameter of an
adjacent anchor portion represents a further possibility to fine-tune deformation
characteristics of the respective yielding portion.

Currently preferred embodiments of a yieldable rock anchor according to the present
invention will now be described in more detail with reference to the accompanying
schematic figures.

Figure 1 shows a side view of a first embodiment of a yieldable rock anchor
according to the present invention,

Figure 2 shows a side view of a second embodiment of a yieldable rock anchor
according to the present invention, and
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Figure 3 shows a side view of a third embodiment of a yieldable rock anchor
according to the present invention including multiple yielding portions.

Figure 1 shows a side view of a first embodiment of a yieldable rock anchor, or rock
bolt, generally designated at 10. The rock anchor 10 includes an elongated tendon
12 extending longitudinally along a tendon axis A from a proximal end 16 to a distal
end 18. The tendon 12 is preferably fabricated from metal, such as a steel bar,
however other bar constructions are possible. While the tendon 12 will usually have
an at least essentially circular cross section, the present invention is not limited to
tendons having a circular cross section.

At or near the distal end 18 and extending in the direction of the proximal end 16,
the tendon 12 has a substantially non-yielding rigid first anchor portion 20 intended
to firmly anchor the tendon in place. The first anchor portion 20 is made from a
hollow bar member and is provided, on an outer surface thereof, with a plurality of
anchoring members 22 which in the embodiment shown take the form of ribs, such
as on a conventional rebar, but may also take the form of grooves, slots,
indentations, threads, bosses and studs. The anchoring members 22 are provided to
enhance a fixing action between the first anchor portion, a bonding agent such as
grout or resin, and the surrounding rock structure. As is well-known to skilled
persons in the field to which the present invention pertains, grout or resin is used to
fasten a rock anchor in a borehole.

In the embodiment shown, the rock anchor 10 is of the self-drilling variety, and to
this end includes a drilling head 24 mounted to the distal end 18 of the tendon 12.

Extending from the substantially non-yielding rigid first anchor portion 20 towards
the proximal end 16 is a plastically deformable axially yielding portion 26 which is
also made from a hollow bar member but has a generally smooth outer surface. In
the embodiments shown, both the hollow rigid first anchor portion 20 and the hollow
yielding portion 26 are made of steel and are welded to one another at weld 28a to
thus form at least a part of the elongated tendon 12. Alternatively, the hollow rigid
first anchor portion 20 and the hollow yielding portion 26 may be glued to one
another. In the embodiment shown, the yielding portion 26 has essentially the same
outer diameter as the first anchor portion 20, but it is also possible for the yielding
portion to have an outer diameter that is smaller than the outer diameter of the rigid
anchor portion 20.
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A proximal externally threaded end portion 30 includes the proximal end 16 and is
joined, either integrally or by welding as shown at 28b, to the yielding portion 26. In
use, the proximal end 16 projects outwardly beyond a rock face and is configured, by
way of the externally threaded portion 30, to cooperate with an anchor plate 32 and
a threadingly engagable nut 34 used to clamp the proximal end of the rock anchor
10 against the rock face and to apply a suitable pretension, if desired. The externally
threaded portion 30 of the tendon 12 may in use act as a substantially non-yielding
rigid further anchor portion 36 to the extent it is located within a borehole (not
shown), that is in an area extending approximately from the anchor plate 32 towards
the distal end 18. Accordingly, the yieldable rock anchor 10 shown in figure 1
includes the at least substantially non-yielding first anchor portion 20 closest to the
toe of the borehole, i.e. closest to the distal end 18 of the tendon 12, as well as the
plastically deformable axially yielding portion 26 located intermediate the first anchor
portion 20 and the proximal end 16, and an at least substantially non-yielding rigid
further anchor portion 36 located intermediate the proximal end 16 and the yielding
portion 26.

In order for the rock anchor 10 to operate as intended, both the first anchor portion
20 and the further anchor portion 36, regardless of the material used to make them,
must have a strength which is sufficiently higher than a strength of the yielding
portion 26 to ensure that it is the plastically deformable yielding portion 26 which
lengthens or elongates axially with dilating rock, to thereby accommodate and absorb
the rock forces without having the rock anchor 10 fail. Considering strength tolerance
bands of the first anchor portion and any further anchor portion as well as of the at
least one yielding portion, it is important to ascertain that the tolerance bands of the
anchor portions and the yielding portion(s) do not overlap. Also, it is necessary that
in use the yielding portion 26, or any yielding portion for that matter, forms a
debonded section whereas the first anchor portion and any further anchor portion
forms a bonded section, i.e. bonded to the surrounding rock structure. To this end,
the yielding portion 26 has a generally smooth outer surface, thus facilitating
debonding. To further enhance debonding capabilities, the outer surface of the
yielding portion 26, or any yielding portion, may be suitably coated to reduce friction,
for example by applying a thin layer of oil or another non-stick material.

There are different ways to ensure that the strength of the first anchor portion and
any further anchor portion is sufficiently higher than that of the or any yielding
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portion. For example, if anchoring members 22 in the form of ribs or threads are
provided on anchor portions 20, 36, they may be formed onto the outer surface of
the respective anchor portion by using a cold rolling process (or any other suitable
press forming operation), by which the strength of the hollow bar member forming
an anchor portion is increased and its plasticity reduced when compared to a hollow
bar member which consists of the same type of steel and has not been subjected to
a cold rolling process. Further, hollow bar members intended to form yielding
portions may be heat-treated, thus increasing their capability to plastically deform by
decreasing strength. Still further, different types of steel may be used as anchor
portions and as yielding portions, respectively, with steel used for yielding portions
having a greater elongation and lower strength than steel used for anchor portions.
Combinations of those possibilities are also possible, allowing to custom tailor the
tendon 12 to particular applications. Tests conducted by the applicant have shown
that 22MnB5 steel is particularly suitable to be used in the present invention for
forming both anchor portions and yielding portions.

In tests conducted by the applicant, yieldable rock anchors 10 according to the
present invention were found to allow elongations of between 120 mm/m and 150
mm/m, corresponding to an axial deformation of between 12% and 15%,
respectively. This is considered a huge improvement over prior art yieldable rock
anchors which allow axial deformations in the range of approximately 0.3% to 2%.

Figure 2 shows a side view of a second embodiment of a yieldable rock anchor 10a
which differs from the rock anchor 10 of figure 1 in that the substantially non-
yielding rigid first anchor portion 20 and the plastically deformable axially yielding
portion 26 are not welded to one another, but are instead coupled to one another
using a separate coupling element, which in the embodiment shown is an internally
threaded steel sleeve 38. Likewise, the axially yielding portion 26 is not welded to the
further anchor portion 36 as in figure 1, but is instead coupled to the further anchor
portion 36 using another coupling element, embodied here as another internally
threaded steel sleeve 38. As shown in Fig. 2, both sleeves 38 are formed as end
pieces of the axially yielding portion 26 having a larger outer diameter than the
remainder of the axially yielding portion, and are integrally joined to the axially
yielding portion by welding, but could also be embodied as separate members, e.g.
as steel sleeves which are not integral end pieces of the axially yielding portion 26
(not shown). Here, both sleeves 38 are made of a type of steel that is different from
the steel used for forming the axially yielding portion 26 in order to ensure that any
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yielding is restricted to the axially yielding portion 26. Alternatively, the coupling
elements could be sleeves made from fiber reinforced plastics material (not shown),
and instead of using internally threaded sleeves, crimped sleeves could for example
be used. Any other coupling element capable of reliably joining or coupling a non-
yielding anchor portion to an axially yielding portion may be used in the context of
the present invention.

Figure 3 shows a side view of a third embodiment of a yieldable rock anchor 10b
according to the present invention, which is similar to the first embodiment shown in
figure 1, but includes, in addition to the substantially non-yielding rigid first anchor
portion 20, a plurality of substantially non-yielding rigid further anchor portions 36 as
well as a plurality of plastically deformable axially yielding portions 26 in alternating
arrangement. In figure 3, two non-yielding further anchor portions 36 and two axially
yielding portions 26 are shown, but any number of such further anchor portions and
axially yielding portions is contemplated. Just like the embodiment shown in figure 1,
the anchor portions and axially yielding portions of figure 3 are welded (or glued) to
one another at welds 28a — 28d, but could also be coupled to one another by means
of coupling elements, as shown in figure 2.

Typically, an axially yielding portion 26 may have a length of one meter, but may
also be shorter or longer. Also, the length and/or diameter of both the anchor
portions and the yielding portions forming the tendon 12 may vary, that is, each
anchor portion and each the yielding portion need not have the same length and/or
diameter.
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WHAT IS CLAIMED IS:

1. A yieldable rock anchor, comprising:
a non-unitary elongated tendon extending longitudinally along a
tendon axis from a proximal end to a distal end, the tendon including
a substantially non-yielding rigid first anchor portion at or
near said distal end and extending towards said proximal end, and
at least one plastically deformable axially yielding portion
intermediate said non-yielding rigid first anchor portion and said
proximal end,
wherein both the first anchor portion and the at least one yielding
portion are hollow bar members, and
wherein the first anchor portion and the at least one yielding portion
are integrally joined to one another in an end-to-end manner by welding or
gluing to form at least part of said elongated tendon,
wherein strength tolerance bands of the substantially non-yielding
rigid anchor portion and the at least one plastically deformable axially
yielding portion do not overlap, and
wherein the at least one axially yielding portion has a deformation

range of at least 100 mm/m.

2. The yieldable rock anchor according to claim 1, wherein the rock anchor is

self-drilling.
3. The yieldable rock anchor according to claim 1 or 2, wherein the tendon
includes at least one substantially non-yielding rigid further anchor portion

intermediate said proximal end and said at least one yielding portion.

4, The yieldable rock anchor according to claim 3, wherein the tendon
includes a plurality of substantially non-yielding rigid further anchor
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portions and a plurality of plastically deformable axially yielding portions in

alternating arrangement.

5. The yieldable rock anchor according to claim 3, wherein the at least one
substantially non-yielding rigid further anchor portion is provided with a
plurality of anchoring members protruding from an outer surface of the
respective further anchor portion.

6. The yieldable rock anchor according to claim 5 wherein the plurality of
anchoring members of the at least one further anchor portion include
protuberances selected from the group of ribs, grooves, slots, indentations,
threads, bosses and studs.

7. The yieldable rock anchor according to any one of claims 1 to 6, wherein
the non-yielding rigid first anchor portion is provided with a plurality of
anchoring members protruding from an outer surface of the first anchor
portion.

8. The yieldable rock anchor according to claim 7, wherein the plurality of
anchoring members of the first anchor portion include protuberances
selected from the group of ribs, grooves, slots, indentations, threads,
bosses and studs.

9. The yieldable rock anchor according to any one of claims 1 to 8, wherein
the at least one yielding portion has a generally smooth outer surface.

10. Thevyieldable rock anchor according to any one of claims 1 to 9, wherein

the at least one yielding portion has an outer diameter that is smaller than
an outer diameter of the first rigid anchor portion.
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The yieldable rock anchor according to any one of claims 1 to 10, wherein
the first anchor portion has a higher strength than the at least one yielding
portion.

The yieldable rock anchor according to any one of claims 1 to 11,

wherein the at least one yielding portion and the first anchor portion
are steel hollow bar members, the steel of the hollow bar members
constituting the at least one yielding portion being different from the steel
of the hollow bar members constituting the first anchor portion.

The yieldable rock anchor according to any one of claims 1 to 12, wherein
the tendon includes an externally threaded portion at or near said proximal
end.

The yieldable rock anchor according to any one of claims 1 to 13 wherein
the at least one yielding portion has a deformation range of at least 120

mm/m.

The yieldable rock anchor according to any one of claims 1 to 13 wherein
the at least one yielding portion has a deformation range of at least 150

mm/m.
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