US 20240175459A1

a2y Patent Application Publication o) Pub. No.: US 2024/0175459 A1

a9y United States

SHIMAHARA

43) Pub. Date: May 30, 2024

(54) EXPANSION ANCHOR
(71) Applicant: Hilti Aktiengesellschaft, Schaan (LI)

(72) Inventor: Hideki SHIMAHARA, Grabs (CH)

(21) Appl. No.: 18/284,648
(22) PCT Filed: Apr. 7, 2022
(86) PCT No.: PCT/EP2022/059175
§ 371 (e)(D),
(2) Date: Sep. 28, 2023
(30) Foreign Application Priority Data
Apr. 13,2021 (EP) covveeeivececec 21168037.6

61 143

36£{£’ 63“{

Publication Classification

(51) Int. CL

F16B 13/06 (2006.01)
(52) US.CL

(6 SR F16B 13/065 (2013.01)
(57) ABSTRACT

Expansion anchor having an anchor bolt, an expansion
sleeve that surrounds the anchor bolt, and a wedge body
located in a front region of the anchor bolt for wedging the
expansion sleeve, wherein the expansion sleeve has a front
face facing the wedge body, wherein at least one expansion
slit is provided within the expansion sleeve, wherein the
expansion slit originates at the front face of the expansion
sleeve, wherein the expansion slit has a stem and a head that
ad-joins the stem, wherein the head is wider than the stem,
and wherein the stem is located between the head and the
front face, characterized in that the head is located off-centre
with respect to the stem.
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EXPANSION ANCHOR
[0001] The invention relates to an expansion anchor.
BACKGROUND
[0002] EP2848825 Al discloses an expansion anchor in

which the expansion sleeve has at least one web on its inner
side, which web engages a groove in the anchor bolt. The
expansion sleeve thus has non-uniform wall thickness. Dur-
ing installation, the web is displaced radially outwardly by
the wedge body of the bolt.

[0003] WO19081300 Al describes an expansion anchor
with expansion sleeve abutment walls provided on the
expansion body. The expansion sleeve abutment walls can
engage with the expansion sleeve to provide an interlock
when the anchoring process has reached an advanced state.
The expansion sleeve abutment walls can be provided at the
ends of recesses provided in the expansion body. On this
basis, W019243084 Al further teaches to provide said
recesses with nonaxisymmetric cross-section. According to
W019243084 Al, the expansion sleeve has, again, non-
uniform wall thickness.

[0004] WO 15067578 Al describes an expansion anchor
having grooves disposed in the wedge body, wherein the
grooves reduce the contact surface between the expansion
sleeve and the wedge body.

[0005] EP2514979 Al shows an anchor bolt with an
eccentric region that widens the expansion sleeve upon
rotation of the anchor bolt.

[0006] EP2309138 A2 and WOI12126700 Al describe
anchor bolts having structured wedge bodies.

SUMMARY OF THE INVENTION

[0007] Itisan object of the present invention to provide an
expansion anchor that is particularly easy to manufacture
and/or has particularly high performance.

[0008] The present invention provided an expansion
anchor having

[0009] an anchor bolt (10),

[0010] an expansion sleeve (30) that surrounds the
anchor bolt (10), and

[0011] awedge body (12) located in a front region of the
anchor bolt (10) for wedging the expansion sleeve (30),
wherein the expansion sleeve (30) has a front face (31)
facing the wedge body (12),

[0012] wherein at least one expansion slit (36) is pro-
vided within the expansion sleeve (30), wherein the
expansion slit (36) originates at the front face (31) of
the expansion sleeve (30), wherein the expansion slit
(36) has a stem (61) and a head (63) that adjoins the
stem (61), wherein the head (63) is wider than the stem
(61), and wherein the stem (61) is located between the
head (63) and the front face (31) of the expansion
sleeve (30),

characterized in that

[0013] the head (63) is located off-centre with respect to
the stem (61).

[0014] Accordingly, the head is offset with respect to the
stem, in particular in the circumferential direction, and in
particular by distance do. Consequently, a stem centreline
defined by the stem does not pass through the centroid of the
head. In particular, the union consisting of stem and head can
have a nonaxisymmetric outline and/or a music note shaped
outline.
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[0015] The expansion slits define forwardly facing expan-
sion fingers of the expansion sleeve, which expansion fin-
gers are wedged radially outwardly by the wedge body
during installation of the anchor. Since the head is, in the
circumferential direction, wider than the stem, the head
forms a constriction, i.e. a weakening, in the adjacent
expansion fingers, which facilitates outward wedging of
these expansion fingers. On the other hand, due to its
rearward arrangement and due to its width, the head tends to
define a bending point when the expansion sleeve is manu-
factured in a bending process. By arranging the head off-
centre with respect to the stem, it is possible to relocate the
bending point relevant to the manufacturing process in the
circumferential direction, which in term might facilitate the
manufacturing process. Notwithstanding, the head can still
function to facilitate outward expansion of the adjacent
expansion fingers. Thus, a particularly well performing
anchor might be obtained at particularly low effort.

[0016] The anchor bolt is an elongate body. The wedge
body and the anchor bolt are, in particular, connected to
transfer tensile forces. The wedge body can for example be
threaded to the anchor bolt, in particular if the expansion
anchor is a so-called sleeve-type expansion anchor. The
wedge body can also be tightly fixed to the anchor bolt, in
particular if the expansion anchor is a so-called stud-type
expansion anchor. It is particularly preferred in case of a
stud-type expansion anchor that the wedge body and the
anchor bolt are monolithic, i.e. that they form one piece. If
the expansion anchor is a so-called stud-type expansion
anchor, the anchor bolt is preferably provided with a for-
wardly facing shoulder for expansion sleeve abutment and
for advancing the expansion sleeve into the borehole. The
wedge body is a part of the expansion anchor.

[0017] The expansion sleeve surrounds the anchor bolt, in
particular around the longitudinal axis of the anchor bolt. In
particular, the expansion sleeve can be a single piece.
[0018] Preferably, the anchor bolt, the expansion sleeve
and/or the wedge body are each steel parts. They can for
example comprise carbon steel or stainless steel.

[0019] The anchor bolt can have, in particular in a rear
region of the anchor bolt, a tension-introducing structure.
The tension-introducing structure is for introducing tensile
forces into the anchor bolt. The tension-introducing struc-
ture can for example be a thread, in particular an external
thread, provided on the anchor bolt. The tension-introducing
structure can for example also be a head, that forms a
maximum cross-section, or a bayonet-type lock.

[0020] The wedge zone of the wedge body is intended to
expand the expansion sleeve when the wedge body is moved
rearwards with respect to the expansion sleeve, in particular
to expand the expansion sleeve radially with respect to the
longitudinal axis. The wedge body converges, on its lateral
surface, towards the rear of the anchor bolt and/or towards
the tension-introducing structure, wherein the focus of con-
vergence can preferably be the longitudinal axis. This in
particular implies that the radial distance of the lateral
surface of the wedge body from the longitudinal axis
becomes smaller towards the rear of the wedge body. In
particular, the wedge zone forms a wedge for the expansion
sleeve.

[0021] The at least one expansion slit cuts the expansion
sleeve and subdivides the expansion sleeve into expansion
fingers. In particular, the at least one expansion slit cuts all
the way through the wall thickness of the expansion sleeve,
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i.e. the expansion slit forms a radial perforation of the
expansion sleeve. The expansion slit originates from the
front face and extends rearwardly into the expansion sleeve.
Preferably, the expansion slit extends generally parallel to
the longitudinal axis, but it could also be angled with respect
to the longitudinal axis. The stem of the expansion slit is
located between the head of the expansion slit and the front
face of the expansion sleeve, i.e. the head is located at the
rear of the stem. In particular, the head can define a rear end
of the expansion slit. The head is wider than the stem, in
particular in the circumferential direction. In some embodi-
ments, the front face of the expansion sleeve can be provided
with a delta structure that converges into the slit, for example
to provide a rounding. The delta structure might be wider
than the head, at least in some regions of the delta structure.
[0022] Preferably, the expansion sleeve has a plurality of
expansion slits originating at the front face of the expansion
sleeve. If there is a plurality of expansion slits provided, at
least some of them, preferably all of them, are preferably
configured in analogy to the at least one expansion slit
described herein.

[0023] The expansion sleeve might also have one or more
additional slits. In contrast to the expansion slit, these
additional slits might not have a head.

[0024] Where the term “longitudinal axis” is used, this
should, in particular, refer to the longitudinal axis of the
anchor bolt, which is often also the longitudinal axis of the
anchor. In accordance with the usual definition, the “longi-
tudinal axis” can in particular be the axis that runs in the
longitudinal direction, i.e. in the long direction of the
elongate anchor bolt. Where the terms “radially”, “axially”
or “circumferentially” are used, this is should in particular
be understood with respect to the longitudinal axis of the
anchor bolt.

[0025] Preferentially, the head has an elongate outline. It
is particularly preferred that an axis of elongation of the
elongate outline extents generally perpendicular to the stem.
Accordingly, the head has a non-circular, elongate outline,
wherein, preferably, an axis of elongation of the elongate
outline extents generally perpendicular to the stem. Provid-
ing the head with an elongate outline can allow to delocalize
the bending point relevant to the manufacturing process of
the expansion sleeve, which can provide smoother curvature
and/or further facilitate manufacturing in a particular easy
manner.

[0026] In particular, the invention can be used with expan-
sion anchors in which the expansion sleeve has non-constant
wall thickness, i.e. in which the wall of the expansion sleeve
varies in dependence of the position on the expansion sleeve.
As explained in further detail in e.g. EP2848825 A1, which
is included by reference, non-constant wall thickness can be
provided in order to improve anchor performance.

[0027] Advantageously, the head is off-centre with respect
to the stem into an expansion sleeve region of reduced wall
thickness. Accordingly, by being off-centre, the head reaches
into an expansion sleeve region of reduced wall thickness. In
other words, the offset reduces the average wall thickness
along the outline of the head, i.e. the average wall thickness
along the outline of the head is smaller as compared to a
fictional state in which the head was centred with respect to
the stem. This can efficiently counteract cracking of the
expansion sleeve when it is formed by bending a generally
flat blank, and/or improve roundness of the expansion sleeve
after such a bending operation. Moreover, resistance for
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radial expansion of the expansion sleeve can be reduced,
which can improve initial anchoring. Also, separation of the
expansion fingers during pull out can be efficiently counter-
acted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The invention is explained in greater detail below
with reference to preferred exemplary embodiments, which
are depicted schematically in the accompanying drawings,
wherein individual features of the exemplary embodiments
presented below can be implemented either individually or
in any combination within the scope of the present inven-
tion.

[0029] FIG. 1 is a side view of an inventive expansion
anchor.
[0030] FIG. 2 is a perspective view of the expansion

sleeve of the anchor of FIG. 1.

[0031] FIG. 3 is a side view of the expansion sleeve of the
anchor of FIG. 1.

[0032] FIG. 4 is a cross-sectional view A-A according to
FIG. 3 of the expansion sleeve of the anchor of FIG. 1.

DETAILED DESCRIPTION

[0033] The figures show an embodiment of an inventive
expansion anchor. The expansion anchor comprises an elon-
gate anchor bolt 10 defining a longitudinal axis 99, an
expansion sleeve 30, which surrounds the anchor bolt 10,
and a wedge body 12 provided on the anchor bolt 10, namely
in the vicinity of the front end of the anchor bolt 10. The
wedge body 12 is designed for wedging the expansion
sleeve 30 radially outwardly when the wedge body 12 is
drawn into the expansion sleeve 30 in the rearwards direc-
tion, i.e. in the pull-out direction. For this purpose, the lateral
surface of the wedge body 12 converges rearwardly, at least
regionally. The longitudinal axis 99 extends through the
front end and through the rear end of the anchor bolt 10.
[0034] The anchor bolt 10 has a neck, which is located
adjacent to and rearwards of the wedge body 12. The
expansion sleeve 30 at least partly surrounds this neck, at
least before installation of the anchor. At the neck, the
diameter of the anchor bolt 10 can be minimal.

[0035] Inthe present embodiment, the expansion anchor is
a stud type anchor. Hence, the anchor bolt 10 has, at the
rearward end of the neck, a shoulder 17 facing forwards for
axially engaging the expansion sleeve 30 and for advancing
the expansion sleeve 30 forwards. In the present case, the
wedge body 12 is, by way of example, integral with the
remainder of the anchor bolt 10, but in alternative embodi-
ments, the anchor bolt 10 can consist of several separate
parts.

[0036] In a rear region of the anchor bolt 10, the anchor
bolt 10 is provided with a tension-introducing structure 18,
which is here, by way of example, an external thread
provided on the anchor bolt 10. However, this is an example
only, and other structures such as internal threads, bayonet
mechanisms or heads can also be envisaged.

[0037] The expansion sleeve 30 is a C-shaped clip and is
provided with a plurality of expansion slits 36', 36", 36",
36"". Each of these expansion slits 36', 36", 36", 36""
originates at the front face 31 of the expansion sleeve 30 (i.e.
at that face of the expansion sleeve 30 that faces the wedge
body 12) and extend towards the rear end of the expansion
sleeve 30 (and thus towards the rear end of the anchor bolt
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10). Each of the expansion slits 36', 36", 36", 36"" radially
cuts through the expansion sleeve 30, i.e. each of the
expansion slits 36', 36", 36", 36"" divides the expansion
sleeve 30.

[0038] The expansion slit 36' comprises a stem 61' and a
head 63' that adjoins the stem 61'. The head 63' is arranged
rearwardly of the stem 61'. Accordingly, the stem 61' is
arranged between the head 63' and the front face 31 of the
expansion sleeve 30. The head 63' forms the rearward end of
the expansion slit 36'. The stem 61' is a narrow, generally
linear trench. Compared to the stem 61', the head 63' has
greater width in the circumferential direction, i.e. around the
longitudinal axis 99. Due to its width, the head 63' forms a
local weakening of the adjacent expansion sleeve 30, which
facilitates expansion of the expansion sleeve 30.

[0039] In the shown embodiment, the stem 61' extends,
generally, in the axial direction, i.e. generally parallel to the
longitudinal axis 99. However, angled configurations could
also be envisaged.

[0040] The head 63' has a non-circular, elongate, for
example approximately elliptical, outline, wherein the elon-
gate direction generally follows the circumferential direc-
tion of the anchor bolt 10. The head 63' is located off-centre
with respect to the stem 61'. Accordingly, the centreline of
the stem 61' does not include the centroid of the head 63'; in
other words, the centroid of the head 63' is distant from the
centreline of the stem 61' by a distance do.

[0041] The expansion sleeve 30 has non-constant wall-
thickness t, i.e. the wall thickness t is dependent on the
position on the expansion sleeve 30, in particular on the
circumferential position. The head 63' is located off-centre
with respect to the stem 61' towards an expansion sleeve
region of reduced wall thickness. In other words, the head
63' reaches into a region that has smaller wall thickness, as
compared to an imaginary arrangement in which the head
63" is located centred with respect to the stem 61'.

[0042] The head 63' has a width w,, measured perpen-
dicular to the longitudinal axis 99 in the circumferential
direction, and a length 1,, measured parallel to the longitu-
dinal axis 99. Preferably, a ratio of the width w,, to the
nominal diameter d,,,,, of the expansion anchor is >=0.25
and/or <=1.0 and/or a ratio of the length 1, to the nominal
diameter d,,,, of the expansion anchor is >=0.2.

[0043] Expansion slit 36" also comprises a stem 61" and
a head 63", wherein these items are arranged and configured
in analogy to expansion slit 36', so that the description above
is applicable mutatis mutandis. Expansion slit 36™ also
comprises a stem 61" and a head 63", wherein these items
are arranged and configured in analogy to expansion slit 36',
so that the description above is applicable mutatis mutandis.
Expansion slit 36"" also comprises a stem 61"" and a head
63"", wherein these items are arranged and configured in
analogy to expansion slit 36', so that the description above
is applicable mutatis mutandis. The expansion slits 36', 36",
36" are blind slits each, and accordingly, they do not reach
the rear end of the expansion sleeve 30. Accordingly, the
head 63' defines a rear end of expansion slit 36', the head 63"
defines a rear end of expansion slit 36" and the head 63™
defines a rear end of expansion slit 36™. The expansion slit
36"", on the other hand, is a through slit which, extends all
the way through the expansion sleeve 30, i.e. from the front
face 31 of the expansion sleeve 30 to the rear end of the
expansion sleeve 30. Accordingly, the expansion slit 36""
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has a tail 64"", which extends from the head 63"" to the rear
end of the expansion sleeve 30. The head 63"" is thus located
axially between the stem 61"" and the tail 64"". The expan-
sion slit 36"" being a through slit can be interrelated to a
manufacturing process in which a flat blank is bent around
the anchor bolt 10 to give the expansion sleeve 30, so that
the expansion slit 36"" gives the closure interface of the
expansion sleeve 30.

[0044] In the present embodiment, the front face 31 of the
expansion sleeve 30 includes delta structures that converge
into the expansion slits 36', 36", 36", 36"". In case of
expansion slit 36' the corresponding delta structure is
marked with reference numeral 32' in FIG. 3. The remaining
expansion slits 36", 36", 36"" have similar delta structures
provided at the front face 31. The delta structures provide a
rounding of the front face 31, which might counteract
galling at the wedge body 12.

[0045] In use, the expansion anchor is introduced, front
end first, into a hole in a substrate 6. Subsequently, the
wedge body 12 is drawn into the front face 31 of the
expansion sleeve 30. In the present embodiment, this is
achieved by pulling the anchor bolt 10 together with the
wedge body 12 rearwardly, in particular by tightening a nut
8 provided on the tension-introducing structure 18 of the
anchor bolt 10. This loads the expansion sleeve 30 radially
outwardly, thereby locking the expansion anchor in the
substrate.

[0046] The expansion slits 36', 36", 36", 36"" and the
associated delta structures define expansion fingers 39', 39",
39" 39"" on the expansion sleeve 30. The described con-
figuration of the expansion slits 36', 36", 36", 36"", in
particular the described offset, allows the expansion fingers
39", 39", 39™ 39" to be relatively long. In particular, the
expansion fingers 39', 39", 39", 39"" can each have a length
1, which relates to the total length I, of the expansion sleeve
30 and/or the nominal diameter d,,,, of the expansion anchor
as follows:

[0047] 1/1>0.8

[0048] 1/d,,,>1.3.

What is claimed is:

1-3. (canceled)

4: An expansion anchor comprising:

an anchor bolt;

an expansion sleeve surrounding the anchor bolt; and

a wedge body located in a front region of the anchor bolt

for wedging the expansion sleeve, the expansion sleeve
having a front face facing the wedge body;

at least one expansion slit within the expansion sleeve, the

expansion slit originating at the front face of the
expansion sleeve, the expansion slit having a stem and
a head adjoining the stem, the head being wider than
the stem, and the stem being located between the head
and the front face of the expansion sleeve, the head
being located off-center with respect to the stem.

5: The expansion anchor as recited in claim 4 wherein the
head has an elongate outline, an axis of elongation of the
elongate outline extending generally perpendicular to the
stem.

6: The expansion anchor as recited in claim 4 wherein the
expansion sleeve has a non-constant wall thickness, the head
being off-center with respect to the stem into an expansion
sleeve region of reduced wall thickness.
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