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1 Claim, (CL 8§5—62)

This invention relates to tension indicating devices and,
in particular, to a tension indicating device which, when
used in association with a bolt and nut assembly, is ca-
pable of giving a visual indication of the tension in the
bolt caused by tightening the nut on the bols.

The invention has particular application for use in
association with bolt and nut assembliss of the type
known as “rock bolts” which are devices used in -mining
and  other excavating work to secure the rock walls of
such excavations against partial or total collapse.

It is an object of the present iavention to provide a
device of this nature which is economical to manufacture,
simple to use and install, which will give a readily obtain-
able indication of the tension in the boli by visual means
and which does not require special skills or tools either
to apply or to use.

The invention will be illustrated by way of example
in the following description and in the accompanying
drawings in which like reference numerals denote like
parts in the various views and in which:

FIGURE 1 is a perspective view of a mine tunnel to
which rock bolis including the tension indicating devices
of the present invention are applied;

FIGURE 2 is a detailed cross-sectional view through
a portion of FIGURE 1 showing one of the rock bolis
with a tension indicating device in position;

FIGURE 3 is a still further enlarged view, in perspec-
tive, of a portion of a rock bolt and a tension indicating
device in exploded position, and

FIGURE 4 is a side elevation view of a tension indi-
cating device in its operative state.

Referring now to the drawings in detail and, in par-
ticular, to FIGURE 1, it will be observed that there has
been provided an excavation or tunnel 1) of the tyme
commonly employed in the mining art. The tunnel 16
has been driven through rock which, in the example illus-
trated, may be seen to comprise a plurality of adjacent
layers or strata, several of which are indicated by refer-
ence characters 11. In FIGURE 1 it will be seen that
a plurality of rock bolts, each bearing a reference nu-
meral 12 have been installed in the roof of the. tunnel
18 for the purpose of binding adjacent strata 11 together
to prevent the partiai or complete collapse of the tunnel
roof. Each of the rock bolts 12 may be seen to be fitted
with a tension indicating device, generaily bearing refer-
ence character 23.

Turning now to FIGURE 2, it may be seen that a rock
bolt 12 is provided with an expandable head 15 which,
when the rock bolt 12 has been inserted in a suitably
provided drilling 16 formed in the rock mass, passing
through at least one interface between adjacent strata 11,
may be expanded to grip the walls of the drilling 16 so
as to secure the bolt in the position shown in FIGURES
1 and 2.

Before proceeding with a detailed description of the
tension indicating device 13 which ig illustrated in some-
what greater detail in FIGURES. 2, 3 and 4, it is con-
venient to point out that since the function of the rock
bolts is to bind adiacent strata 11 together at their inter-
face, so as to prevent the partial or complete collapse of
the walls of the tunnel or excavation, it is necessary that
this binding be achieved by imparting a tension in the
bolt 12 so as to hold the adjacent strata into frictional
engagement with one another. It is clear that a certain
degree of tension is necessary in order to adequately
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‘would then no longer serve its intended purpose.
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achieve this object. Similarly, of course, an excessive
tension in the bolts 12 may cause the bolts to bresk or
may cause them to elongate beyond the elastic limits of
the material from which they are made. Either of these
conditions is, of course, undesirable since the device
imi-
larly, once the bolt has been installed and a proper ten-
sion imparted to it, it is necessary that this tension be
maintained since if, for any reason, this tension would
be relaxed or dissipated, the bolt would, under these con-
ditions, also fail to achieve its intended purpose.

The degree of tension which is required will vary
from one installation to :another and will depend upon
many factors such as the inherent stability of the rock
within which the bolt is installed, the diameter of the
bolt, the tensile strength of the material from which it is
made and many other factors, none of which are of any
real significance to the present invention. The present
invention is, however, concerned with providing means
whereby a workman may readily determine when the
correct tension has been imparted to the bolt 12 at the
time of installation and which will enable him readily to
determine, upon subsequently checking the installation,
whether the tension has been maintained, dissipated or
increased for any one of a number of reasous.

Turning now to FIGURE 3 of the drawings, the rock
bolt 12 may be seen extending from the drilling 16 in the
rock face 14. The free end 12a extends downwardly
from the rock face 14 and is provided, adjacent the end
12a, with a suitably screw-threaded portion 18.

When studying FIGURE 3 it will be apparent that the
screw-threaded portion 18 does not, in the illustrated
embodiment, extend for a sufficient distance along the bolt
12 for the nut 17 to be tightened so as to bring the com-
ponent parts into contact with one another. It must
therefore be assumed that either the rock bolt 12 may and
will be inserted further into the drilling 16 or that the
threads, although not so illustrated, will extend along ihe
boilt 12 for a distance sufficient for the device to be op-
erative.

The tension indicating device includes first of all a
washer, indicated generally by reference character 19,
which consists of an annular peripheral flange 28 sur-
rounding, and integrally formed with the base 21 of a
central domed portion 22 which is provided with an aper-
ture 23 for the passage of the bolt 12. The aperture 23
may be in the form of a slot lying along a line of longi-
tude of the domed portion.  The slot extends from a first
end 23a which lies adjacent the flange 20 to a second
end 23b which is so located that the bolt 22 may pass
through the aperture 23 with the axis of the bolt concen-
tric with the flange 26 and with the flange 2¢ normal to
the axis of the bolt.

The washer 19 is formed of a material such as-steel
which is thick enough to enable it to withstand the com-
pressive force necessary to impart the desired temsion to
the bolt 12 without experiencing any noticeable deforma-
tion. The portion 22 is domed, since, as is well known,
a domed member can support a greater compressive force
than a flat surface of equivalent thickness and for all prac-
tical purposes, the washer 19 may be considered to be
incompressible due to a force exerted along the axis of
the bolt 2 when the bolt 12 is in a position such that it
passes through the aperture 23.

The tension indicating device comprises, as an essential
feature, the U-shaped member 24 which is provided with
a central aperture 25 through which the bolt 22 may pass.
The area 26 surrounding the central aperture 25 con-
stitutes a bearing surface against which the aut 17 may
beat. Preferably, a hardened planar washer 27 lies be-
tween the nut 17 and the bearing surface 26 so that as the .
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nut 17 is tightened down, it will turn against the washer
27 and will not gall or dig into the material of the U-
shaped member 24.

The U-shaped member 24 is formed with two legs 28
and 29, each of which is provided, adjacent its end, with
a second bearing surface, bearing surface 30 being pro-
vided on leg 28 and, bearing surface 31 being provided
on leg 29, which second bearing surfaces are adapted to
lie on the surface of the domed portion of the washer 18,
preferably through the medium of a sheet metal protec-
tive member 32 which, for the moment, will be ignored.

The distance between the bearing surfaces 30 and 31
will be seen to be less than the maximum diameter of the
domed portion 22 of the washer 19 so that these bearing
surfaces will lie upon the domed surface of the central
portion 22 of the washer 19 at positions such as those il-
lustrated in FIGURES 2 and 4.

Returning now to FIGURE 2, it will be seen that as
the nut 17 is tightened on the threaded portion 18 of the
free end 12a of the rock bolt 12, the domed portion 22
of the washer 19 will be forced between the legs 28 and
29 of the U-shaped member 24 and will urge the legs
28 and 29 apart. The U-shaped member 24 is made of
a resilient material such as steel and is of a thickness
such that the force required to spread the legs apart is
commensurate with the tension which it is desired to im-
part to the bolt 12.

In FIGURE 3, one embodiment of the sheet metal pro-
tective member 32 may be seen to comprise a central
portion 33 which is of a curvature complementary to the
curvature of the domed portion 22 of the washer 19 so
that, as seen in FIGURE 4, it will lie adjacent the sur-
face 22 of the washer 19. The ends of the protective
member 32 are provided with outwardly extending tabs
34 the side edges of which may conveniently be provided
with flanges 35 which, with the tabs 34 define channels
within which the extremities 36 of the legs 28 and 29 of
the U-shaped member may rest. The protective mem-
ber 32 performs two important functions.. First, it elimi-
nates the wear or abrasion of the domed portion 22 of
the washer 19 by the action of the U-shaped member as
the bearing surfaces 30 and 31 move thereover during
application, removal, and adjustment of the device. Sec-
ond, it carries the tabs 34 and flanges 35 which constitute
reference points against which the position of the extrem-
ities of the legs of the U-shaped member may be meas-
ured.

In FIGURE 4, the tension indicating device 13 is shown
in its operative state. The bolt 12 has been installed
within the rock strata 11 by inserting it in a suitable drill-
ing and the buried end of the beit 12 is engaged within
the aperture by means of an expanding head such as that
shown, for example, at 15 in FIGURE 2. Over the free
end 124 of the bolt 12 there has been applied, first of all
the washer 19, secondly the protective member 32, thirdly
the U-shaped member 24, fourthly the planar washer 27
and finally the nut 17. As the nut 17 is tightened down
on the bolt 12 it bears, through the medium of the
washer 27, on the area 26 surrounding the ceniral aper-
ture in the U-shaped member 24 through which the bolt
12 passes. As the nut bears on this area of the U-shaped
member 24 the bearing areas 30 and 31 bear against the
domed surface 22 of the washer 19 through the medium
of the sheet metal protective member 32. In FIGURE 4
only bearing area 3% of leg 28 is illustrated and it may
be seen to contact the sheet metal protective member 32
with the extremity 36 of the leg 28 lying within the
channel formed by flanges 35 and the tabs 34 on the
protective member 32.

Since the sheet metal protective member 32 conforms
to the curvature of the domed portion 22 of the washer
19, its configuration and position is not affected by the
tension in the bolt 12 and its position is substantially
fixed relative to the washer 19. Tightening of the nut
17, however, forces the domed portion 22 between the
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4
legs 28 and 29 of the U-shaped member 24 and forces
them apart, the greater the tension, the greater the dis-
tance through which they are forced apart and the lesser
the tension, the smaller the distance through which they
are forced apart. Thus, the distance between the bear-
ing surfaces 30 and 31 is a function of the tension in the
bolt 12 and this distance can readily be measured by
visually comparing the position of the extremity 36 of the
legs 28 and 29 relative to the fixed position of the ex-
tremities of the flanges 35 carried by the sheet metal pro-
tective member 32.

In FIGURE 4 the extremity 36 of leg 28 of the
U-shaped member 24 is shown in full lines to be flush
with the extremities of the flanges 35 carried by the pro-
tective member 32. Conveniently, this position may rep-
resent a tension in the bolt 12 which is the optimum for
the particular location within which the bolt is installed
and the function which it is to perform. Accordingly,
when the bolt is being installed, the workman tightens
the nut 17 until the extremity 36 of the legs 28 and 29
lie flush with the outer edges of the flanges 35 carried by
the protective member 32.

Subsequently, upon checking these installations at a
later time to determine whether the bolts are still at the
correct tension, he need merely glance at the tension in-
dicating devices and if the extremity 36 is still flush with
the extremity of the flanges 35, then he is able to con-
clude that the tension is still being maintained at the de-
sired level. If, however, the tension has been relaxed,
the U-shaped members 24 will have, due to their inherent
resilience, “climbed” up on the surface of the domed
portion 22 of the washer 12 and the extremity 36 of the
legs 28 and 29 may then lie, for example, at the position
indicated by the dotted line 36 in FIGURE 4.

Alternatively, the tension may have increased during
the elapsed time between installation and subsequent
checking, due to one or more of several reasons such as,
for example, a shifting in the rock strata. If the tension
has increased, then the dome 22 will have been forced
further into the space between the bearing surfaces 39
and 31 in the U-shaped member 24 and the extremities
36 of the legs of the U-shaped members might, for ex-
ample, lie at positions such as that indicated by the dotted
line 365 in FIGURE 4.

From the foregoing description it will be readily ap-
parent that a simple, economical and efficient tension in-
dicating device has been provided which may be applied
and used without special skills and without special tools.
The tension in the bolt may be determined within the
limits of accuracy necessary in practice, by a simple,
visual inspection which will readily disclese whether or
not the extremities of the legs of the U-shaped members
are in the desired position relative to the tabs and flanges
carried by the protective sheet metal strip 32.

In addition to achieving the objects set forth earlier in
this specification, the invention possesses certain advan-
tages which are of importance. First of all, the bolts 12
are slighlty elongated by the tension which is normally
imparted to them. If the rock face 14 (see FIGURE 4)
were to be crushed under the tension imparted to the
bolt 12, only a slight such crushing might be sufficient
to entirely dissipate the tension in the bolt 12 if the only
resilience in the entire structure which achieved the ten-
sion were that derived from the elongation of the bolt 12.
The tension is also maintained, however, by the resilient
deformation. of the U-shaped member 24 which may be
of a greater magnitude when measured in a direction
along the axis of the bolt 12 than is the resilient elonga-
tion of the bolt itself. Accordingly, before the tension
in the bolt 22 will be completely dissipated by the move-
ment of the washer 22 towards the rock face in the direc-
tion of the applied tension, the rock face 14 must be
crushed to a much greater extent when the present in-
vention is used than would te the case if no such
U-shaped member 24 were employed. Accordingly,
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slight crushing or “spalling” of the rock, although un-
desirable even with the present invention, dces noi pro-
duce a complete dissipation of the tension as has been
found to be the case in certain devices of the prior art.

Some devices of the prior art also enabled a reading

of the tension in bolt 12 {o be obiained, but only by the
use of special tools which measured certain deformations
of material used. Such tools were not altogether con-
venient to wuse, subject to damage in the rather rough
conditions of a mine and were, accordingly, less than sat-
isfactory. An example of this latter form of prior art
device may be seen in Belgian Patent MNo. 527,435 issued
on April 15, 1954 and assigned to Wingfoot Corporation
of Akron, Ohio, United States of America. The present
invention does not require any special tools either for
installation or to obtain a reading sufficiently accurate
for the intended purpose and the task of periodically
checking the rock bolts to determine whether the desired
tension is being maintained is very much simplified and
accelerated.

Although a preferred embodiment of the invention has
been described in detail by way of illustration, it is to be
understood that modifications of the structure, shape, ar-
rangement and configuration of the components illus-
trated, is contemplated within the spirit of the invention
and the scope of the appended claim.

What I claim as my invention is:

Structure for use in association with a bolt and nut
assembly to indicate the tension in the bolt as a resuit
of the tightening of the nut on the bolt; comprising a
washer consisting of an annular peripheral flange sur-
rounding and integrally formed with a domed central

6

domed portion of the washer and provided with an aper-
ture through which the bolt may pass, a resilient, general-
ly U-shaped member having a central aperture through
which the bolt may pass, the area surrounding the aper-.
ture consisting of a first bearing surface upon which the
nut, through the medium of a hardened planar washer
may bear, the legs of the U-shaped member each having

" a second bearing surface adjacent its end adapted to bear
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portion having an aperture through which the bolt may

pass with the domed portion extending towards the nut,
a sheet metal protective member lying on the central

on the domed portion of the washer through the medium
of the sheet metal protective member, the distance between
the second bearing surfaces of the legs of the U-shaped
member in its relaxed state, being less than the maximum
diameter of the domed portion of the washer, the tighten-
ing of the nut on the bolt forcing the U-shaped member
against the washer and urging the legs of the U-shaped
member to spread apart as the domed portion of the
washer . is forced between them, the sheet metal protective
member having an edge lying adjacent each leg of the
U-shaped member, the position of the edges being sub-
stantially fixed relative to the domed portion and which
constitutes a reference point from which to determine
the distance between the extremities of the legs of the U-
shaped member, said distance, due to the resilience of
the U-shaped member, being a function of the tension
in - the bolt.
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