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1 Claim. (CL 85—2.8)

The present invention relates to expansion bolts and
has particular reference to an expansion bolt assembly of
the type commonly known as a concrete or rock anchor
and having general utility as an article of concrete hard-
ware. Rock or concrete anchor devices constructed in ac-
cordance with the principles of the present invention wiil
find utility in connection with various concrete instalia-
tions wherein it is desired to provide an anchor on an ex-
posed section of rock or where it is desired to provide an
anchor on an exposed section of hardened concrete, in
which cases a hole will be drilled in the rock or concrete
for reception therein of the expansion bolt assembly of
the present invention. Expansion bolts constructed in ac-
cordance with the principles of the present invention may
also find use as mine roof anchor designed for retaining
engagement with the cylindrical walls of holes drilled
in a mine roof. Irrespective however of the particular
use to which the present expansion bolt may be put, the
essential features of the invention are at all times pre-
served.

One form of conventional expansion boit commonly
in use has a split or divided tubular outer casing or shell
provided with a tapered inner wall. Within the shell
there is axially slidable an expander mut which is in the
form of a frustum of a cone. A stud is threaded through
the expander and by means of the stud the expander is
shifted axially of the casing so that by drawing the ex-
pander in one direction and into engagement with the
interior wall surfaces of the divided shell, the shell is
expanded into engagement with the wall of the drilled
opening in which the device is installed.

The improved expansion bolt herein disclosed includes
the various elements described above but the parts are
shaped in such a manner and an additional functional
element has been added to the combination so that the
expansible assembly as a whole operates upon a substan-
tially different principle and with various improved re-
sults compared with the functioning of conventional con-
ical wedged shaped expansion bolt assembiies.

It is among the principal objects of the present inven-
tion to provide an expansion bolt assembly which, when
compared with the conventional bolt, is capable of more
efficiently meeting the varying conditions of installation
encountered in everyday use, as for example the drilling
of holes of varying diameters in materials such as rock
which may be relatively hard and present unyielding walls
or which may be of soft material presenting walls which
are fragile or deformable.

Another and general object of the invention is to pro-
vide an expansion bolt of this character which, although
it relies for the expansion of its parts upon the use of a
suitable torque-applying tool, is capable of being manipu-
1ated without the use of a tool upon initial insertion there-
of in a drilled hole so that the device as a whole may
temporarily be retained in place until such time as the
expanding tool is applied thereto. By such an arrange-
ment the expansion bolt may be inserted into a substan-
tially vertical hole in a ceiling or roof, for example, and
held therein against gravitational dislodgment thereof
until such time as the expanding tool is brought into play.

Yet another general object of the invention is to pro-
vide a multi-part expansion bolt in which the varicus
parts thereof may be initially assembled to provide a
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package-type unit wherein the parts are unlikely to be-
come disassembled before installation, such disassembly
being a problem with conventional multi-part expansion
bolts and frequently involving the loss of a part.

It is a specific object of the invention to provide an
expansion bolt assembly of the general character set forth
above having associated therewith a sectional outer shell
which is substantially circular in transverse cross section
throughout, and which, when the shell is fully collapsed,
has overall dimensions which are less than those of a
drilled hole in a rock or concrete foundation with which
the boli assembly is to be associated. Furthermore, ac-
cording to this object of the invention, novel expansion
means are provided whereby, upon initial turning move-
ment of the bolt proper or stud, the forward end of the
shell will be expanded to increase the radial dimension
thereof while the rear end of the shell will remain con-
tracted until such time as the forward end coextensively
engages the wall of the drilled hole, at which time the
rear end of the shell will commence to expand and ex-
pansion thereof will continue until such time as the ocuter
face of the shell uniformly and coextensively engages the
wall of the drilled hole, whereupon, further turning move-
ment of the stud will effect binding or locking of the
expansion bolt assembly in the drilled hole. Stated in
other words, it is an object of the invention to provide
an expansion bolt assembly having an outer shell or
shield which is divided into sections, together with ex-
pansion means for spreading the sections apart radially
while at the same time allowing the sections a degree of
unrestrained floating freedom to follow the shape of the
internal wall of the drilled hole within which the assem-
bly is installed.

By such an arrangement the expansion bolt as a whole
may, during expansion thereof, follow the contour of a
hole which is mot truly cylindrical, as for example a hole
which has been improperly drilied or which has been
creaied by shipping or other impact means resulting in
a hole having an out-of-round contour or one which is
not uniformly circular.

A still further object of the invention is to provide an
expansion bolt having associated therewith novel means
for preventing relative roiation between the shell and
the wedge nut associated with the same during threading
of the bolt proper through the wedge mut.

Another object of the invention is to provide such an
expansion bolt which is adapted to be manipulated into
its expanded condition within a drilled hole entirely by
the application of terque to the bolt proper, thereby
eliminating the use of percussive or other power toois for
its installation in & drilled hole.

A still further object of the invention is to provide an
expansion bolt assembly in which the bolt proper may
be continuously threaded in one direction only, yet
which, in a manner of speaking, exerts a turnbuckle
action on a pair of wedge members so as to force the
wedge members axially in opposite directions whereby
the latter may exert respective wedging actions against
both the ends of the sectional frusto-comical outer shell
or casing whereby the uniform expansion of the shell
without alteration of its slant angle, as briefly outlined
above, may be attained.

The provision of an expansion bolt assembly which
is relatively simple in its construction, consisting as it
does of but five principal parts exclusive of the threaded
bolt proper; one in which the component parts thereof
may be in the form of relatively small simple castings,
thereby contributing toward economy of manufacture;
one which is rugged and durable and which will with-
stand extremely high internal and exiernal forces; one
which may be easily manipulated and does not require
any particular degree of skill in its application; and one
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which otherwise is well adapted to perform the services
required of it are further desirable features which have
been borne in mind in the production and development
of the present invention.

Numerous other objects and advantages of the in-
vention, not at this time enumerated, will become more
readily apparent as the nature of the invention is better
understood.

In the accompanying two sheets of drawings forming
a part of this specification one illustrative embodiment
of the invention has been shown.

In these drawings:

FIG. 1 is a side elevational view of an expansiocn bolt
assembly constructed in accordance with the principles
of the present invention;

FIG. 2 is another side elevational view of the expain-
sion bolt assembly shown in FIiG. 1, the direction of
viewing being at an angle of 30° relative to the direciion
of viewing in FIG. i;

FIG. 3 is a sectional view taken substantially cen- ¢

trally and longitudinally through the expansion bolt
assembly of FIGS. 1 and 2;

FIG. 4 is an end elevational view of the expansion
bolt assembly;

FIG. 5 is an enlarged fragmentary sectional view taken ¢

substantially centrally and longitudinally through the
expansion bolt assembly and showing the same in iis
fully expanded position withia a drilled hole provided in
a rock, concrete or other foundation support;

FIG. 6 is a sectional view taken substantially along
the line 6—&6 of FIG. 3;

FIG. 7 is a sectional view taken substantially along
the line 77 of FIG. 3;

FIG. 8 is a sectional view taken substantially along
the line §—8 of FIG. 3;

FIG. 9 is a sectional view taken substantially along
the line 2—9 of FiG. 3; and

FIG. 10 is a perspective view of the expansion bolt
assembly showing the same in a partially expanded
condition.

Referring now to the drawings in detail, in the ewmi-
bodiment of the invention illustrated herein, the expan-
sion bolt assembly has been designated in its entirety
at 18. This assembly involves in its general crgaaization
a composite outer shell or shield 12, this shield being
of a sectional nature and being comprised of three iden-
tical shell sections 14. Inasmuch as the three sections
14 are identical, a description of one will suffice for
them all.

Each of the three shell sections 14 is in the form of an
elongated member which is generally of arcuate con-
figuration in transverse cross section as best seen in
FIGS. 6, 7, 8 and 9. As shown in FIG. 5, each section
14 is of tapering configuration, which is to say that it
decreases in thickness from its rear to its forward end.
When the three shell sections 14 are assembled upon
one another in concentric relationship about the longi-
tudinal axis of the expansion bolt assembly, and when
they are collapsed upon one another as shown in FIGS.
1 to 3 inclusive, they constitute in effect an outer longi-
tudinally spiit sectional shell or casing assembly having
three longitudinal splits or separations 16 therealong.

Fach section 14 is provided with a relatively thick
rear end face 18 and longitudinal side faces 20 which
are of elongated generally triangular design in that they
decrease in width from the rear end of the section to
the front end thereof. The side faces 26 of each shell
section 14 are planar and they extend at an angle of
approximately 120° to each other so that the planes
of these side faces extend substantially radially of the
expansion bolt assembly. Adjacent the rear end of the
member 14 one of the planar side faces 28 is inter-
rupted by the provisicn of a V-shaped tongue 22 while
the opposite side is similarly interrupted adjacent the
rear end thereof by a notch 24 which is conformable
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in configuration to the configuration of the tongue 22.
These tongue and notch arrangements are best seen in
FIG. 1 and they form an interlocking structure at the
rear end of the shell assembly when the sections are
essembled upon one another and in their collapsed
condition.

An endless garter spring 24 encircles the rear end of
the composite shell or shield 12, fits within three arcuate
recesses 28 and serves to contract the rear end region
of the composite assembly so that the tongues 22 and
notches 24 fit within one another as shown in FIGS.
1 and 8.

The outer curved faces of the various sections 14 are
provided with a series of ¢eeth or ridges 38 which present
relatively sharp tooth edges which, except for the inter-
rupiions or splits 16, extend in parallel circumferential
relationship around the shell assembly. These teeth
are provided for the purpose of enhancing the frictional
characteristics of the shell when the same is expanded
against the cylindrical wall of the drilled hole in the
rock, concrete or other foundation with which the ex-
pansion bolt assembly is employed.

The major portion of the composite shell £2, when the
latter is in its collapsed condition as shown in FIGS. 1 to
3, is substantially cylindrical, except for the slight irregu-
larities afforded by the teeth 38. In other words the di-
ameter of the composite collapsed shell at the rear end
region thereof is substantialiy the same as the diameter of
the shell in the forward regions thereof where the last of
the series of teeth 30 is formed. Forwardly of this cylin-
drical region the outer face of the composite shell extends
forwardly and inwardly on an incline as shown at 32, thus
affording a gemerally frusto-conical region of steep slant
angle in the neighborhood of 45° and of short slant height,
the cone being interrupted by the three longitudinally ex-
tending splits 16. In the coliapsed condition of the sheli
12, the frusto-conical fragments 32 of the various shell
sections 14 assume positions which are fairly close to one
another but in the expanded condition of the shell these
frusto-conical portions or fragments assume fairly widely
separated positions as shown in FIG. 5. The outer face
of the frusto-conical portion 32 of each shell section 14 is
formed with a series of diverging ribs 34 which, in certain
instaliations functions to frictionally engage the bottom
wall of the drilled hole or socket and prevent turning
movement of the shell within this socket during initial
expanding operations before the outer shell wall engages
the inner wall of the socket.

In a sense, each of the shell sections 14 is of shallow
elongated cup-shape design in that it is formed with a
shallow internal depression affording surfaces which, when
the shallow sections are assembled as shown in FIG. 5,
provide an inner frusto-conical wall surface 36 of rela-
tively long slant height and small slant angle, a second
frusto-conical surface 38 of short slant height and large
slant angle, and a cylindrical wall surface 4§. The frusto-
conical surface 36 is in the medial region of the shell
assembly while the frusto-conical surface 38 and cylin-
drical wall surface 49 are on opposite sides of the surface
36 with the cylindrical surface 40 being adjacent the rear
end of the assembly. Tt will be understood of course that
the aforementioned surfaces 36, 38 and 40 of the com-
posite assembled shell 12 are all interrupted by the longi-
tudinal splits 16.

From the above description it wil be seen that the com-
posite longitudinally split outer shell or shield 12 is gen-
erally of open-ended tubular configuration. A threaded
anchoring stud or bolt 42 having contour threads 44 which
are integrally cast therewith extends into the open-ended
tubular structure from the rear end thereof and threadedly
receives thereon a wedge nut, ring or collar 46 having an
internal threaded bore 48 designed for threaded reception
over the threads 44. The wedge ring 46 presents an outer
frusto-conical face 58, the smooth continuity of which is
interrupted by the provision of a series of three longi-
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tudinally extending ribs 52 (see particularly FIGS. 1 and
7), the three ribs 52 extending into the longitudinal splits
16 of the composite shell 12 between the adjacent shell
sections. The ribs 52 are tapered inwardly in a forward
direction to accommodate the taper of the longitudinal
splits 16, thus affording close nesting of the parts of the
assembly when they are in their collapsed condition as
shown in FIG. 1. The function of the ribs 52 is to prevent
relative turning movement between the wedge ring or
collar 46 and the shell during initial application of torque
to the stud 42 as will be described presently.

The extreme forward end of the threaded stud 4% may
be rounded as at 34 and is designed to seat within the
concave side of a cup shaped seat member 56 having a
frusto-conical wall 58 and a generally rounded bottom
60 through which there extends a relief hole 62. The
seat member 56 not only serves as a reaction seat for the
forward end 54 of the stud 42, but it also functicns as a
second wedge member in cooperation with the frusto-
conical inside wall 38 of the shell for spreading the rear
end regions of the sectional shell outwardly during initial
turning movement of the stud 42 after the expansion bolt
assembly has been positioned in a given drilled hole for
subsequent tightening of the assembly within the hole.

The rear rim of the frusto-conical wedge ring 46, ie.
the end thereof adjacent the large base of the cone frus-
tum, is formed with a series of three outwardly and rear-
wardly facing notches or recesses 76 (FIGS. 3, 5 and 7)
adapted to receive therein a series of three alignment posts
72 integrally formed on the inside faces of the shell sec-
tions 14 near the forward end thereof. The posts 72
and motches 76 constitute interengaging means for pre-
venting the expander ring 46 from pushing the seat mem-
ber 56 from the assembly in the free state of the expansion
bolt.

Reference to FIGS. 4 and 10 will show that the three
frusto-comical sections of the wall 58 hug the convex face
of the cup-shaped member 56, so to speak, and retain the
Iatter member within the longitudinal confines of the shell.
The extreme forward ends of the sections of the wall 58
terminate in outwardly flared tip regions 74 which may
also assist the tapered ribs 34 in maintaining the composite
shell 12 from turning when torque is initially applied to
the stud 42.

The expansion bolt assembly described above may be
manufactured, assembled and sold as a package unit for
immediate use in the field. For sales purposes and to
encourage use of articles such as have been described
herein it is essential that the cost of the assembly be main-

tained reasonably low. According to the present inven- g

tion the number of parts required is relatively few and each
of the principal parts empioyed may be castings of malle-
able iron which require only simple and inexpensive
molds. Additionally, the assembly process involves 1o
special skill, it being necessary merely to thread the stud
42 through the wedge ring 46 to the extent illusirated in
FIG. 3, after which the reaction cup or seat member 56
may be applied to the extreme forward end 54 of the
stud 42. Thereafter the three shell sections 14 are assem-
bled about the stud, wedge ring and cup and the garter
spring 26 is spread over the assembly and released into
the slot or groove 28. During such assembly, care must
be taken to cause the notches 78 and alignment posts 72 to
register, and also to cause the v-shaped protuberances
23, and notches 24 to register. The alignment posts 72, in
combination with the frusto-conical inner wall surfaces 78
of the inclined portions 32 of the shell sections 14 afford
a confining space or chamber for retention of the cup or
seat member $6.

In the use of the present expansion bolt assembly, for
any given installation, whether the drilled hole in the
rock, concrete or other material be horizontal as indicated
at 80 in FIG. 5, or whether the hole be drilled vertically
or on an incline in a ceiling, wall, floor or rock forma-
tion at any angle, the assembled and collapsed expansion

[*14

20

25

40

70

6

bolt device is inserted, with its forward end leading, end-
wise into the drilled hole or socket 86. The depth of
the socket is preferably slightly greater than the axial ex-
tent of the three-piece sectional shell 12 so that the
entire shell may be encompassed by the socket. If the
socket 8¢ is mot of exceptional depth, the pointed or
tapered ends 74 may be driven solidly against the bottom
of the socket and, thereafter, a suitable tocol such as a
wrench (not shown) may be applied to the end of the
stud or bolt 42 which may be squared as at 82 to receive
the wrench. Upon initial turning of the threaded stud
42, the end 54 thereof will seat against the bottom wall
of the cup-shaped seat member 56 while the threads 44
will progressively force the seat member and wedge ring
46 apart. Under the influence of the encircling garter
spring 26, the rear end regions of the various shell sec-
tions 14 will remain in positions of close proximity, while
the seat member 56 will tend to ride forwardly on the
inner frusto-conical surfaces 3§ of the shell sections 14
and thus effect a spreading of the front end regions of
the various shell section, This spreading action will con-
tinue until such time as the teeth 30 at the forward region
of the shell engage the inner cylindrical wall of the drilled
hole 890.

As soon as such engagement between the wall of the
drilled hole 80 and the teeth 30 in the forward region
of the assembly takes place, further expansion of the for-
ward regions of the shell 12 is prevented and the seat
member 58 is prevented from further forward move-
meni. As the stud 42 continues to be rotated, the seat
member 58 acts as a reaction member for the end of
the stud 42 and the wedge ring 46 is caused to travel
rearwardly on the stud so as to progressively spread the
forward regions of the sectional shell i2 into intimate
contact with the wall of the hole 8. The sectional shell
12 thus assumes a generally cylindrical configuration.
After it has assumed this shape, further turning of the
stud 42 serves merely to apply outward spreading move-
ment to both the rear and front end regions of the shell
and cause the teeth 38 to bite into the wall of the drilled
hole with substantially uniform radial pressure.

Prior to engagement of the shell with any portion of
the inside wall of the drilled hole 89, a certain amount
of anti-torque reaction force may be obtained by the fric-
tional engagement between the pointed ends 74 of the
shell sections 14 and the bottom wall of the drilled hole
so that as the stud 42 is rotated, the remainder of the
assembly will be held against rotation with the stud.
The interlocking studs 72 on the inner faces of the sec-
tions 14 and the external notches 7¢ in the rear rim
region of the wedge ring 46 prevent relative turning
movement between the wedge ring and shell. The ribs
5% which interlock with the side surfaces 20 of the shell
section 14 also prevent such relative turning movement
between the wedge ring and shell. These ribs 52 further
confine the three shell sections in their respective 120°
sectors for proper radial expansion.

The invention is not to be limited to the exact arrange-
ment of parts shown in the accompanying drawings or de-
scribed in this specification as various changes in the
details of construction may be resorted to without de-
parting from the spirit of the invention. For example,
while the composite shell 12 has been illustrated herein
as being comprised of three identical sections 14, each
occupying a position within one 120° sector of the as-
sembly, it is to be understood that, if desired, four or
more sections may comprise the shell and that, in such
instances, the character of the wedge ring 46 will be modi-
fied accordingly to provide the necessary number of ribs
5% and notches 70. Only insofar as the invention has
particularly been pointed out in the accompanying claim
is the same to be limited.

Having thus described the invention what we claim as
new and desire to secure by Letters Patent is:

An expansion bolt assembly adapted to hold the end



3,065,859

7

of a threaded stud in a recess with a generally cylindri
cal inmer- wall, and compfising a longitudinally split
composite expansible outer shell including three circums-
ferentially arranged shell segments, each shaped as a
longitudinally tapering fragment of a hollow cylinder
and having oppositely facing longitudinally extending
planar side edges disposed in respective approximately
tadial planes, each side edge being opposed to a side
edge of the adjacent segment and defining therewith a
lengitudinal split, one side edge of each segment being
formed with a V-shaped tongue near the rear end of
the segment, the other side edge being formed with a
V-shaped notch conformable to the shape of said V-
shaped tongue, the tongues and notches on adjacent seg-
meats being adapted to interfit when the shell segments
are assembled, a garter spring surrounding said shell
adjacent said tongues and notches, the outer surface of
said shell segments having protuberances thereon for
gripping the wall of the recess, an expander ring nested
within said outer shell and having a threaded longitudinal
bore for receiving the stud, ribs on said ring adapted to
extend into said splits to prevent relative rotation, the
inner surfaces of said shell segments being formed with
two longitudinally displaced zones including a forward
end zone presenting a frusto-conical surface of short
slant height and steep slant angle facing the rear of said
shell, and a rear zone presenting an oppositely facing
frusto-conical surface of long slant height and small slant
angle, said expander ring being disposed within the longi-
tudinal confines of said rear zone and movable axially
in said zome for camming engagement with the frusto-
conical surface of long slant height, a cup-shaped frusto-

3

conical combined stud seat and expander member dis-
posed within the longitidinal confines of said forward
zone and movable axially in said latter zone for cam-
ming engagement with the frusto-conical surface of short
slant height, the rear concave face of said stud seat and
expander member being designed for engagement with
the forward end of said stud whereby, upon turning of
the stud in one direction, said expander ring and expander
member will be progressively moved away from each
other in an axial direction, and interengaging means on
said expander ring and shell for limiting the extent of for-
ward movement of the expander ring within the shell
while maintaining the position of said stud seat and ex-
pander member, said interengaging means comprising
an inwardly extending post on cach shell segment for-
wardly of the expander ring and adjacent the juncture of
said oppositely facing surfaces, and a series of cooperat-
ing forwardly facing recesses on the expander ring adapt-
ed to receive said posts.
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