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ABSTRACT

To improve mine roof bolt performance,
Jennmar Corporation commenced the design
and development of a new roof control sys-
tem. This new system designated "Insta'l
Compress’'ion", not only improves safety,
but is more cost efficient due to reduced
amounts of resin needed per bolt installa-
tion.

In this paper the research and develop-
ment of this new system will be outlined.
Much of the information presented will be
actual test data from various underground
operations in Alabama, Kentucky,.and Penn-
sylvania. The development of this system
will also cover the design of a new expan~
sion shell, resin compression ring, anti-
friction washer, and upgrading of material
specifications.

INTRODUCT ION

Although the fully grouted, non-tension-
ed, rebar roof bolt is still widely used,
developments of recent years have shown
that certain types of laminated strata is
better controlled by a tensioned system
that is installed very quickly after m%n-
ing has occurred. The strictly mechanical
roof bolt with an expansion shell and no
resin does provide an immediate installed
load. But, over a period of time, a loss
of bolt tension can occur due to such fac-
tors as deterioration of anchorage strata,
creep, improper hole size, anchorage at
weak strata wear and damage on bolts, taped
plugs, expansion shells, and bearing plates
and effects of blasting (Peng, 1978)1. ob-
viously, the best situation would be to
have a system that would be a comblnaylon
of the mechanical bolt with an expansion
shell to provide immediate bolt tension and
the resin grouted system to secure and con-
tinue the bolt tension. The advent.of sat-
ellite continuous miners equipped with roof
bolting machines, established the need for

a roof bolt that also provides a speedy
installation with minimum mixing and no
holding time. Better designed longwall
equipment has increased panel mining rate
which in turn further increased the demand
for a bolting svstem that provided a quick
installation so as to not hinder gate dev-
elopment. Obviously, there was a need for
a roof bolt system that could be installed
in a minimum amount of time.

DEVELOPMENT OF SYSTEM

The idea of using an expansion shell
with resin is not new. However, most avai-
lable systems require substantial amounts
of resin to achieve the long term anchor-
age effect. With resin costs fluctuating,
the economics involved when using both an
expansion shell and resin, prevented many
operators from utilizing such a combination
even though the benefits of this type of
system were obvious.

Further, for some time, it was believed
that large amounts of resin was being wast-
ed per bolt installation due to such fac-
tors as poor mixing, cavitated resin col-
umns, and poor bolt/resin céhesion. Tests
conducted at the Jennmar Roof Control Lab
in Winchester, Kentucky confirmed this
fact. Resin rebar bolts with and without
expansion shells were installed in both
Indiana limestone and steel pipe. The in-
stallations were then sectioned and the
resin columns were closely examined. Evi-
dent was inconsistent resin mixing and act-
ual voids in the hardened resin column. 1In
some tests much of the resin actually tra-
veled down along the shank of the roof bolt
much further than desired.

A solution to this problem would be to
provide some type of mechanical means to
hold the resin tight up in the borehole.
Tt was decided to try different types of
washers with a diameter slightly less than
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that of an 1-3/8" borehole. 1Initially
tested were various types of plastic and
rubber washers, however, these washers were
not rigid enough to withstand the hydraulic
pressure encountered during resin cartridge
penetration. Because of this strength
requirement, an ordinary steel washer was
finally chosen as the mechanical means for
retaining the resin. The next problem to
overcome was means of attaching the washer
to the bolt. To accommodate varying
amounts of resin, an adjustable type clamp
was needed. To produce the desired effect,
a modified torsion spring, very similar to
those clamps used on motor vehicle hoses,
was selected.

This simple but very effective device is
now comprised of a modified steel washer
and torsion spring. The resin compression
ring upon initial resin cartridge penetra-
tion, retains the resin and prevents it
from traveling down along the shaft of the
rocf bolt. On complete resin penetration
and torqueing of the bolt, by proper
placement of the ring, a compressive force
in the upward direction is now applied to
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wheret P = bolt load

A = surface contact area between strata and one shell leaf

¢ = rock cohesion

N = Terzaghi bearing capacity factor

O = wedge angle

8 = angle of internal friction of the rock

B = friction angle between the wedge ond leaves
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From this relationship it can be seen that
P increases with an increase in surface
contact area and the expansion wedge angle.

The effect of the Compress'ion system is
even further enhanced by utilization of
the Jennmar Anti-Friction washer. It is a
known fact that torgque loss occurs due to
friction at the bolt head and expansion
shell. This torque loss adversely affects
tension/torque relationships and is even
more critical now that we are torqueing an
expansion shell in a column of tightly
packed compressed resin. A normal hard-
ened steel washer normally provides approx-
imately a 60:1 tensign/torgue ratio (Panek
and McCormick, 1973)°. To increase this
ratio, Jennmar Corporation has developed
various sized polyethylene anti-friction
washers that are used in conjunction with
a hardened steel washer. This plastic
washer, placed between the bearing plate
and the standard hardened washer, sub-
stantially reduces frictional torque loss
at the bolt head (Refer to Figure No. 3 for
A complete Compression bolt). Load cell
tests have shown increases of 1800 to 2500
pounds of installed load by use of the
anti-friction washer. Normally installed
load should not exceed 70% of the yield
Strength for the diameter and grade or rod.
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However, by upgrading rod specifications,
tension/torque ratios as high as 90:1 are
currently in use today. Particularly in
highly laminated strata, experience over
the last two years has shown that this type
of roof is better controlled by use of a
higher installed load applied to the roof
as soon as possible after mining has
occurred. Also, certain stratas require
different tension/torque ratios. Normally,
weak, thinly laminated strata requires a
higher tension/torque ratio. This is
especially true if horizontal stress along
slickened bedding planes is a problem. In
this situation a higher installed load,
applied quickly to the strata, increases
frictional resistance along these bedding
planes making them more resistant to
lateral movement. With a more competent
strata, with a high percentage of coarse
grained sandstone, optimum anchorage and
installed load is obtained with a lower
tension/torque ratio. Jennmar has develop-
ed five different sizes of anti-friction
washers to accommodate varying typves of
strata. The polyethylene material was
chosen over other anti-friction materials
because it is more consistent and is resis-
tant to the effects of moisture, weather-
ing, sunlight, handling, and temperature
changes.



