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(57) Abstract: The mvention relates to an expansion anchor with a bolt and at least one expansion element, wherein an oblique
surface 1s arranged 1n the region of the first end of the bolt and forces the expansion element radially outward on the bolt it the bolt
1s displaced m a pull-out direction relative to the expansion element, and wherein the bolt has, in the region of its rear end facing
away from the first end, a load-absorbing means which 1s suitable for mtroducing tensile forces which are directed m the pull-out
direction into the bolt. According to the mvention, it 1s provided that at least one groove which 1s closed with respect to the first end

1s made 1 the oblique surtace, which g

(57) Zusammenfassung:

roove reduces the contact surface between the expansion element and the oblique surface.

[Fortsetzung auf der nachsten Seite/
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Die Erfindung betriftt einen Spreizanker mit einem Bolzen und zumindest einem Expansionselement, wobel im Bereich des ersten
Endes des Bolzens eine Schriagtlache abgeordnet 1st, welche das Expansionselement am Bolzen radial nach aussen drangt, wenn
der Bolzen m emer Auszugsrichtung relativ zum Expansionselement versetzt wird, und wobel der Bolzen im Bereich seines dem
ersten Ende abgewandten riickwartigen Endes eine Lastautnahmeeinrichtung autweist, welche zur Einleitung von Zugkratften, die
in Auszugsrichtung gerichtet sind, im den Bolzen geeignet i1st. Erfindungsgemass ist vorgesehen, dass i die Schragtlache
zumindest eine zum ersten Ende hin geschlossene Furche emgebracht ist, welche die Kontakttliche zwischen dem

Expansionselement und der Schragtlache verringert.




CA 02929384 2016-05-02

WO 2015/067578 PCT/EP2014/073630

EXPANSION ANCHOR WITH GROOVES IN THE EXPANSION CONE

The invention relates to an expansion anchor according to the preamble of claim 1. Such an
expansion anchor i1s equipped with a bolt and an expansion element, and an oblique surface is
arranged 1n the region of the first end of the bolt which forces the expansion element radially
outwards if the bolt is displaced in a pull-out direction relative to the expansion element, and
the bolt has, in the region of its rear end facing away from the first end, a load-absorbing
means which is suitable for introducing tensile forces which are directed in the pull-out

direction into the bolt.

A generic expansion anchor is, for example known from US 5 176 481 A. Said expansion
anchor can be used to anchor components to a bore hole in a solid substrate, for example in
concrete, The known expansion anchor has an elongated bolt. The bolt has a cone-shaped
expansion section in the region of its first rear end, said expansion section expands towards
the first end 1.e. against the pull-out direction. An expansion sleeve mounted displaceable
towards the first end on the expansion section is arranged in the pull-out direction next to the
expansion section. The expansion sleeve has elevations on the outer side which protrude in a
radial direction over the bolt and by means of which the expansion sleeve can lock onto the
inner wall of the bore hole in the substrate. The expansion anchor is inserted into the bore
hole against the pull-out direction with the first end forwards and the bolt is subsequently
pulled back out of the bore hole in the pull-out direction to a certain extent. After inserting
the expansion anchor, the expansion sleeve is locked onto the inner wall of the bore hole and
is thus retained in the bore hole when the bolt is pulled out. The expansion section of the bolt
1S hereby pulled into the expansion sleeve, and the expansion sleeve is spread apart due to the
increasing diameter of the expansion section and the expansion anchor locks with the
expansion sleeve in the substrate so that loads can be transferred into the substrate. This basic

principle can also be expediently implemented in the invention.

US 5176 481 A also teaches to provide the bolt with a friction-reducing coating in the region

of the expansion sleeve.,

Further expansion anchors are known from DE 2256822 Al, and DE 2256822 Al teaches
positive anti-twist protection between expansion sleeve and bolt. According to DE 2256822

Al, for example, a notch can be provided on the bolt which extends, to a certain extent, into

the expansion cone from the neck of the bolt, and a corresponding projection is arranged on

A A —



the expansion sleeve which follows the notch 1n the cross-section of the anchor and engages

into the notch.

US2011081217 AA and DE102011076180 Al describe expansion anchors in the case of

which the expansion cone has a non-circular cross-section with a plurality of maximum

heights and a plurality of minimum heights.

The object of the invention is to indicate a particularly efficient and versatilely usable

expansion anchor that is at the same time also particularly reliable and easy to manufacture.
The object 1s achieved according to the invention by an expansion anchor with :

- a bolt and

- an expansion element,

- wherein an oblique surface is arranged in a first region of a first end of the bolt
which forces the expansion element radially outwards if the bolt 1s displaced in
a pull-out direction relative to the expansion element and wherein the bolt has,
In a second region of a rear end of the bolt, the rear end facing away from the
first end, a load-absorbing means which is suitable for introducing tensile

forces which are directed in the pull-out direction into the bolt,
characterized in that

- at least one groove closed with respect to the first end of the bolt is made in the
oblique surface which reduces a contact surface between the expansion

element and the oblique surface.

An expansion anchor according to the invention is characterized in that at least one,
preferably elongated groove that is closed with respect to the first end of the bolt is made in
the oblique surface, said groove reduces the contact surface between the expansion element

and the oblique surface

The invention is based on the knowledge that when expansion anchors are designed, the
situation may arise whereby a change to the design of the anchor at one point leads to an
improvement of the anchor behavior, but this is, however, associated with losses at other

points. It may thus, for example, on the one hand be desirable to provide a high friction

CA 2929384 2018-02-13
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coetficient between the oblique surface and the cxpansion element 1n order to avoid the
oblique surface pulling through the expansion e¢lement, i.e., 1n particular through the
expansion sleeve and thus premature failure of the anchor in the case of excessive static
tensile loads. On the other hand, a high friction coefficient between the oblique surface and
expansion element may increase the probability of the anchor not taking hold at the beginning
of the setting process and is pulled out of the bore hole in an undesired manner. Furthermore,
an excessively high ftriction coefficient between the oblique surface and expansion element
may be disadvantageous with regard to the dynamic properties in fractured concrete. If
namely the friction coefficient between oblique surface and expansion element is large, then
the bolt ts drawn deep into the expansion sleeve 1f a fracture opens in the region of the
anchor. However, this process is not reversed for a large friction coefficient if the fracture 1s
subsequently closed again and the oblique surface remains deep in the expansion sleeve
which may lead to damage of the surrounding concrete. A low friction coefficient may thus

be advantageous for fractured concrete in order to ensure “pumping”, 1.e. sliding the oblique

CA 2929384 2017-09-01
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surface forwards and backwards in the expansion sleeve in the case of a fracture opening and

subsequent fracture closure.

In the design of a conventional anchor, a decision must thus be made as to whether a low

re

iction coefticient between expansion element and the oblique surface is selected with regard
to good properties in fractured concretc with movable fractures, which is, however,
assoclated with a lower static tensile load, or whether a high friction coefficient is selected,

which leads to high static tensile loads, but to inferior properties in fractured concrete.

The mvention begins here and provides at least one groove in the expansion region of the bolt
in the oblique surface, 1.e. in particular a depression which extends radially into the bolt
Interior from the bolt surface. This groove reduces the frictional contact surface between the
expansion element and the oblique surface, i.e. due to the groove, the contact surface between
the expansion element and the oblique surface is smaller than if the groove were absent and
the oblique surface were advanced there instead of corresponding to the opposing inner
surface of the expansion element. The groove can thus reduce the friction in precisely that
region of the expansion cone where the expansion element in fractured concrete rubs so that
the previously described “pumping” is made easier in the case of a fracture opening and
subsequent fracture closure and damage to the concrete 1s effectively prevented. According to
a further basic concept of the invention, the groove is, in this respect, closed with respect to
the anchor tip. In particular, the groove 1s thus covered and not visible when viewed from in
front of the anchor with a viewing direction parallel to the longitudinal axis of the bolt.
According to the invention, a groove-free region is hereby provided in front of the groove,
preferably between bolt tip and expansion cone. If the expansion element reaches into this
groove-tree region in the case of large static loads, then the friction of the expansion element
can Increase disproportionately such that a premature pulling of the bolt through the
expansion clement 1s avoided. The previously described contradiction between good
properties in fractured concrete and high static tensile loads in unfractured concrete can thus
be solved by the groove according to the invention. As a result, a particularly reliable and
versatilely usable anchor can be made available in a particularly simple manner. [n particular,
a costly, friction-reducing coating can often even be dispensed with. In certain load and
application areas however, such a coating may also be provided; the invention does not

exclude this.



CA 02929384 2016-05-02 |

WO 2015/067578 PCT/EP2014/073630

The groove can end at its side facing the anchor tip, i.c. at its side facing away from the rear
end of the bolt, already inside the oblique surface or only further forward on the bolt. The
local friction-reducing effect of the groove can be based on the reduction of the contact

surface between oblique surface and expansion element and/or on other mechanisms such as

the inclusion and concentration of bore dust.

According to the invention, the expansion element is arranged, in particular fastened on the
bolt displaceable along on the bolt. Insofar as “radial”, “axial” and ‘“‘circumferential
direction” are mentioned here, this may, in particular, relate to the longitudinal axis of the
bolt which may, in particular, be the symmetry and/or center axis of the bolt. The expansion
anchor can preferably be a force-controlled expanding expansion anchor. The expansion
element and/or the bolt suitably consist of a metal material which, as already mentioned, can
also be coated for further selective influence of the friction. The load-absorbing means can, in
particular, be designed as an outer thread or as an inner thread. It serves for introducing
tensile forces into the bolt which are directed in the pull-out direction. The bolt can also be

partially hollow.

According to the invention, the expansion element is forced radially outwards from the
oblique surface and, in this respect, pressed against the bore hole wall in the substrate if the
oblique surface, in particular together with the bolt, of the bolt is axially displaced in the puli-
out direction relative to the expansion element. The expansion anchor is hereby anchored in
the bore hole. Preferably, the pull-out direction runs parallel to the longitudinal axis of the
boit and/or points outside the bore hole. In particular, the direction vector of the pull-out
direction can be directed from the oblique surface to the load-absorbing means. At the
oblique surface, the distance of the bolt surface from the longitudinal axis of the bolt
increases contrary to the pull-out direction, i.e. with increasing distance from the load-

absorbing means.

It is particularly preferred for the expansion element to be an expansion sleeve which

surrounds the bolt at least in regions and/or for the bolt to have an expansion cone, and the
oblique surface is formed by the expansion cone. A particularly balanced introduction of
force in the circumferential direction is hereby achieved. According to the invention, the
expansion cone is provided for spreading apart the expansion sleeve, 1.e. for radially
expanding the expansion sleeve. An expansion element or even a plurality of expansion

clements can be provided and a corresponding number of oblique surfaces. The expansion
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sleeve can have expansion slots which start from the front face of the expansion sleeve. These
expanston slots can facilitate the radial expansion of the expansion sleeve by the expansion

cone of the bolt.

[n the case of a so-called bolt anchor, the expansion cone can be arranged axially fixed to the
bolt. In this case, the expansion cone is drawn with the oblique surface into the expansion
sleeve when the expansion anchor is set by a common axial movement of the bolt and the
expansion cone relative to the expansion sleeve. The expansion cone is, in this respect,
preterably designed integrally with the bolt. Alternatively, in the case of a so-called sleeve
anchor, the expansion cone can be a part that is separate from the bolt and is preferably
connected via corresponding threads with the bolt. The drawing of the expansion cone into
the expansion sleeve can then preferably be produced at least partially by rotation of the bolt
relative to the expansion cone which is implemented by a spindle drive, formed by the

corresponding threads, into an axial movement of the expansion cone relative to the bolt.

It 1s particularly expedient for the bolt to have a tip region which attaches to the expansion
cone on the side of the expansion cone facing the first end and in which the cross-section of
the bolt 1s at least as large as in the expansion cone, and the groove ends before the tip region
or in the tip region. According to this embodiment, in which before the tip region another
relatively large cross-sectional tip region is arranged, into which, in any case, the at least one
groove partially extends, a particularly suitable force path may be obtained, which, in

particular, effectively counteracts the bolt pulling through the expansion sleeve particularly.

It 1s particularly preferred for the expansion of the groove in the axial direction of the bolt to
be greater than the expansion of the groove in the circumferential direction of the bolt. In
particular, the groove can, preferably over its entire length, run on the oblique surface along a
projection of the longitudinal axis of the bolt. The groove can, in addition or alternatively, run

parallel to the longitudinal axis of the bolt, i.e. in the axis longitudinal direction and/or axial

direction. Tilting between expansion element and bolt can be hereby simply and effectively

counteracted.

It is particularly expedient for the inner surface of the expansion element to be smooth in the
region of the groove and/or the expansion element to not engage into the groove, in each case
at least in the unset starting state of the anchor. In particular, the expansion element

advantageously does not have a projection engaging into the groove on its inner side facing

the oblique surface and in particular the bolt. A particularly reliable, local friction reduction
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may be hereby achieved. For the same reason, the region of the inner cross-section of the
expansion element which comes to rest against the groove in the set state of the anchor is
preferably concave. For example, the inner surface of the expansion element can be designed
in a cylindrically concave manner in this region. In particular, the expansion element, at least
in the unset starting state of the anchor, is distanced at the groove from the surface of the
oblique surface. The expansion element, at least in the starting state of the anchor, thus does
not reach into the groove at least not to the base of the groove. The cross-section of the
expansion cone in the surface regions of the expansion cone, which run displaced with
respect to the groove viewed in the circumferential direction, expediently corresponds to the
cross-section of the opposing inner side of the expansion element, whereas the cross-section
of the expansion cone at the groove deviates from the cross-section of the opposing inner side
of the expansion element. Insofar as a plurality of grooves are provided, the cross-section of
the expansion cone between the grooves expediently corresponds to the cross-section of the
opposing inner side of the expansion element, whereas the cross-section of the expansion
cone at the grooves deviates from the cross-section of the opposing inner side of the

expansion element,

Moreover, it 1s édvantageous for a plurality of grooves closed with respect to the first end of
the bolt to be made into the oblique surface, which respectively reduce the contact surface
between the expansion element and the oblique surface. The friction can even be hereby
further reduced and the previously described “pumping” supported even better. The grooves
are preferably all the same length. They preferably all begin at the same axial position and/or
preferably all end at the same axial position. Insofar as a plurality of grooves according to the
invention are provided, the features described in this document can apply for one of these
grooves, for a part of the grooves or for all grooves. It is particularly preferred for at least
four grooves closed with respect to the first end of the bolt to be made into the oblique

surface, In particular at least one groove per cross-sectional quadrant of the bolt, with regard
to its longitudinal axis, which may then in particular be advantageous if the expansion

element is an expansion sleeve and the oblique surface is formed by an expansion cone. The

bolt preferably has a circular segment-shaped cross-section between adjacent grooves.

In particular for a particularly balanced force path and thus high loads and high reliability,
provision can also be made for the grooves, in particular in the cross-section perpendicular to
the longitudinal axis of the bolt, to be arranged equidistant and/or for the grooves to be

distributed evenly around the expansion cone. The last-mentioned feature can then be
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advantageous 1n particular if the expansion element is an expansion sleeve. Equidistant

arrangement can, In particular, be understood as adjacent grooves always having the same

angular distance at the bolt longitudinal axis in the cross-section of the anchor perpendicular

to the bolt longitudinal axis.

The grooves are particularly etfective if the contact surface between the expansion clement

and the oblique surface is reduced by the grooves by 20 to 50%.

The individual grooves are expediently relatively narrow, for example in order to avoid the
expansion element being bent into the grooves when it is spread apart. Accordingly, it is
particularly preferred for the maximum angular width of the at least one groove measured in

the cross-section of the bolt at the longitudinal axis to be smaller than 30°, in particular

smaller than 15°,

The invention can, in particular, be used in bolt anchors 1n which the expansion sleeve does

not reach to the bore hole mouth in the case of the set anchor. Because in the case of bolt
anchors, the expansion process is particularly strongly influenced by the individual frictional
processes at the anchor. Accordingly, a stop can be designed on the bolt which limits a
displacement of the expansion element away from the oblique surface, in particular a
displacement in the pull-out direction. Such a stop can, in the case of a bolt anchor,
particularly simply ensure that the expansion element, together with the bolt, reliably
penetrates into the bore hole. The stop is preferably an annular shoulder which may be
advantageous in terms of manufacturing and in relation to reliability. In particular, the stop 1s

axially arranged between the oblique surface and the load-absorbing means.

The invention is explained in greater detail below by means of preferred exemplary
embodiments, which are schematically depicted in the enclosed figures, and individual
features of the exemplary embodiments shown below can be implemented in the context of

the invention essentially individually or in any combination. The figures schematically show:

Figure 1. a partial longitudinal section view of an expansion anchor according to the

invention set in a concrete substrate; and

Figure 2: a perspective view of the bolt of the anchor from Figure 1 in the region of the

front, first end of the bolt.
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Figures 1 to 3 show an exemplary embodiment of an expansion anchor 1 according to the
invention. As In particular Figure 1 shows, the expansion anchor 1 has a bolt 10 and an
expansion element 20 designed as an expansion sleeve, and the expansion sleeve surrounds
the bolt 10 in a circular manner. The bolt 10 has a neck region 11 in the region of its front end
51, an expansion cone 12 for the expansion sleeve 20 continuously attached on the front side

to the neck region 11 and a tip region 14 continuously attached to the expansion cone 12 on

the front side.

The bolt 10 has a substantially constant cylindrical cross-section in the neck region 11. On
the expansion cone 12 attached thereto, the surface of the bolt 10 is designed as an oblique
surface 13 and the diameter of the bolt 10 increases there towards the first end 51, i.e. the bolt
10 expands at the expansion cone 12 starting from the neck region 11 towards its front first
end 51 and towards the tip region 14. The oblique surface 13 on the expansion cone 12 can be
conical in the strictly mathematical sense, however it does not have to be. In the tip region 14,
the bolt cross-section 1s ultimately substantially constant or increases at least towards the first

end 51 less strongly than at the expansion cone 12.

The bolt 10 has a stop 17 for the expansion sleeve 20 designed, for example as an annular
shoulder on the side of the neck region 11 facing away from the expansion cone 12. The bolt
has a load-absorbing means 18 in the region of its rear end 52 for introducing tensile forces
into the bolt 10, which is designed here by way of example as an outer thread. A nut 8 sits on

this outer thread.

When the expansion anchor 1 is set, the bolt 10 is inserted into a bore hole 99 in the substrate
5 from Figure 1 with its first end 51 forwards in the direction of the longitudinal axis 100 of
the bolt 10. Due to the stop 17, which limits a displacement of the expansion element 20
away from the expansion cone 12, the expansion element 20 designed as an expansion sleeve
is also, in this respect, introduced into the bore hole 99. The bolt 10 is then, for example by
tightening the nut 8, pulied back out from the bore hole 99, to a certain extent, in the pull-out
direction 101 running parallel to the longitudinal axis 100. Due to its friction on the
substantially cylindrical wall 98 of the bore hole 99, the expansion element 20 designed as an
expansion sleeve remains, in this respect, in the bore hole 99 and as a resuit there is a
displacement of the bolt 10 relative to the expansion element 20. In the case of this

displacement, the oblique surface 13 of the expansion cone 12 of the bolt 10 penetrates
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increasingly deeper into the expansion element 20 such that the expansion element 20 is
radially expanded from the oblique surface 13 and is pressed in with the wall 98 of the bore
hole 99. The expansion anchor 1 is fixed in the substrate 5 by way of this mechanism. The set
state of the expansion anchor 1, in which it is fixed in the substrate 5, is shown in Figure 1.

An attachment part 6 can be fixed on the substrate 5 by means ot this nut 6.

A plurality of grooves 80 are provided in the expansion cone 12 which are evenly distributed,
thus with constant surface density, on the expansion cone 12. The grooves 80 extend
respectively in the direction of the respectively largest gradient of the expansion cone 12,
respectively parallel to a projection of the longitudinal axis 100 on the surface of the
expansion cone 12. The grooves 80 all have the same axial length and end at their one side at
the transition of the neck region 11 into the expansion cone 12 and at their other side prior to
reaching the tip region 14. The grooves 80 locally reduce the friction between the expansion
clement 20 and the bolt 10 such that in fractured concrete a low friction coetficient 1s
provided which allows the bolt 10 to be slid forwards and backwards in the expansion
element 20 in the case of a fracture opening and subsequent fracture closure. Since the
grooves 80 do not extend or only slightly extend into the tip region 14, the maximum friction
between expansion element 20 and bolt 10 and thus the maximum static pull-out load can, mn

this respect however, remain high.
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CLAIMS

l. An expansion anchor (1) with
- a bolt (10) and
- an expansion element (20),

- wherein an oblique surface (13) is arranged in a first region of a first end (51)
of the boit which forces the expansion element (20) radially outwards it the
bolt (10) 1s displaced in a pull-out direction (101) relative to the expansion
element (20) and wherein the bolt (10) has, in a second region of a rear end
(52) of the bolt (10) facing away from the first end (51), a load-absorbing
means (18) which 1s suitable for introducing tensile forces which are directed

in the pull-out direction (101) into the bolt (10),
characterized 1n that

- at least one groove (80) closed with respect to the first end (51) of the bolt (10)
ts made 1n the oblique surface (13) which reduces a contact surface between

the expansion element (20) and the oblique surface (13).

2. The expansion anchor (1) according to claim 1,
characterized in that,

- the expansion element (20) is an expansion sleeve which surrounds the bolt

(10) at least in regions and

- the bolt (10) has an expansion cone (12), wherein the oblique surface (13) is

formed by the expansion cone (12).

3. The expansion anchor (1) according to claim 2,

characterized in that,

the bolt (10) has a tip region (14) which attaches to the expansion cone (12) on a side

of the expansion cone (12) facing the first end (51) and in which a cross-section of the

CA 2929384 2018-02-13
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bolt (10) 1s at least as large as in the expansion cone (12), wherein the groove (80)

ends before the tip region (14) or in the tip region (14).

4, The expansion anchor (1) according to any one of claims 1 to 3,
characterized in that,

- the expansion of the groove (80) in an axial direction of the bolt (10) 1s greater
than in the expansion of the groove (80) in a circumferential directton of the

bolt (10),

- wherein the groove (80) runs along a projection of a longitudinal axis (100) of

the bolt (10) on the oblique surface (13).

AN

The expansion anchor (1) according to any one of claims 1 to 4,
characterized in that,

an inner surface of the expansion element (20) is smooth tn a region of the groove

(80) and/or in that the expansion element (20) does not engage into the groove (80).

6. The expansion anchor (1) according to any one of claims 1 to 5,
characterized in that,

a plurality of grooves (80) closed with respect to the first end (51) of the bolt (10) are

made 1n the oblique surface (13) which respectively reduce the contact surface

between the expansion element (20) and the oblique surface (13).

7. The expanston anchor (1) according to claim 6,
characterized in that,
the grooves (80) are arranged equidistant.

8. The expansion anchor (1) according to claim 6 or 7,
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characterized 1n that,

the contact surface between the expansion element (20) and the oblique surface (13) is

reduced by the grooves (80) by 20 to 50%.

9. The expansion anchor (1) according to any one of claims 1 to 8,
characterized in that,

the maximum angular width of the at least one groove (80) measured in the cross-

section of the bolt (10) at the longitudinal axis (100) is smaller than 30°.

0.  The expansion anchor (1) according to claim 9, wherein said maximum angular is

smaller than 15°,.

11. The expansion anchor (1) according to claim 9 or 10,
characterized in that the bolt (10) has a stop (17).

2. The expansion anchor (1) according to claim 11, wherein the stop (17) is an annular
shoulder which limits a displacement of the expansion element (20) away from the

oblique surface (13).
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