A New Concept
for Roof Support

NEW ROOF SUPPORT THEORY
IMPROVES SAFETY AND
CUTS COSTS SUBSTANTIALLY

espite all the advances made in mine
D roof control, a precise design criteria

to determine such parameters as bolt
length and tension had not been formulated until
now. A 5-year research project conducted by
Jennmar and West Virginia University (WVU) has
determined that in many cases, a much short-
er bolt installed at higher than normal tensions
(installed load) will produce a stronger roof beam.

Furthermore, a new computer program has
been developed that uses the design criteria,
based upon mine site specific parameters, to
determine what combination of bolt length and
tension will produce the Optimum Beaming
Effect (OBE). OBE, a new roof control term, is
defined as the roof beam that has no separa-
tion above or within the bolted range and hav-
ing the shortest bolt possible.

This new design criteria has already been
proven in the field. The accompanying table lists
data from four U.S. mines where this has been
used and it shows the previous bolt length, Finite
Element Analysis designed bolt length, and
annual cost savings. As can be seen, the sav-
ings are significant, and only apply to materi-
als costs. Reduced material handling and drilling
time have yet to be evaluated. More importantly,
these mines have seen an improvement in roof
control with the FEA designed bolt.

TYPES OF ROOF BOLTS

The coal industry misuses roof bolt termi-
nology frequently. The modern roof bolt falls into
two main classifications: non-tensioned and ten-
sioned systems. Within these two classifications
are many different types of boits.

The non-tensioned system consists of a
headed rebar or cable encapsulated in resin.
Rebar diameters include No. 5 (5/8-inch),
No. 6 {3/4-inch), No. 7 (7/8-inch), No. 8 (1-inch),
and No. 9 (1-1/8-inch) with strength values spec-
ified by grades per ASTM A-615. Cable diam-
eters include 0.5 inch and 0.6 inch, with strength
values specified by ASTM A-416.

Tensioned systems consist of the mechan-
ical, torque/tension, combination, and point
anchor type roof bolts. Bolt diameters are the
same as the non-tensioned systems. However,
while the cable specification remains the same,
strength values are specified by a different spec-
ification—ASTM F-432.
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The mechanical bolt consists of a headed,
smooth rod with a non-resin expansion anchor,
The torque/tension bolt is a rebar with one end
threaded, and a shear pin or dome nut, and it
relies on resin for anchorage. The combina-
tion bolt is a 2-piece bolt with a rebar top sec-
tion that also relies on resin for anchorage. The
bottom portion of this bolt is threaded into a
special shear pin coupler that allows a torque
to be applied once the resin hardens. The point
anchor resin bolt has an expansion shell and
is used with resin. This type of bolt is the most
prevalent system in use today and was the type
used in this research.

The point anchor resin bolt was introduced
in the mid-1980s and is widely used for long-
wall gateroad support. This system is equipped
with an expansion shell with a shear pin, and
specifically is designed to be used with resin.
Other key components of this system are the
resin compression ring and anti-friction wash-
er. The resin compression ring provides a com-
pressive force on the resin column, increasing
anchorage capacity with reduced amounts of
resin. The anti-friction washer, a vital compo-
nent, permits a wide range of installed loads
to be achieved without adjusting torque values.

TENSIONED POINT-
ANCHOR THEORY

Beam building is the predominant support
mechanism for laminated roof conditions where
the bolt binds together a number of thin roof
layers to form a thick (or composite) beam
stronger than the sum of the strengths of the
individual layers when they act independently.

Through many years of experience in deal-
ing with laminated roof strata in underground
coal mines, it has been found that roof separa-
tion is the key indicator of roof stability. If the
roof strata can be built into a strong beam
increasing frictional resistance along bedding
planes, and roof sag and deflection is minimal,
then lateral movement due to horizontal stress
is unlikely to occur. Therefore, it's important for
the roof bolt to minimize or eliminate any roof
separation.

RESEARCH DESCRIPTION
There are two main issues in roof bolting
design: bolt installed load and length.

BOLT LENGTHS & COST SAVINGS
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Of the four coal companies that have tried
this technique, each realized a substantial
cost saving in materials alone.
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Figure 1 / Three test areas were established
with three different roof bolt lengths.

Normally, research first develops theoreti-
cal postulates and either proves or disproves
them in the field. This research, however, was
fortunate in that an accepted system was in use
and working very effectively.

Through testing and analysis, the 3-part
objective of this research was to:

» Determine the primary support mechanism;

» State why the system is working; and

* Formulate the design criteria.

One active longwall gate entry development
section in the Pittsburgh No. 8 seam was select-
ed for the mine test. The longwall panel was
750-ft wide and 8,000-ft long under an average
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