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ABSTRACT

Cable supports offer several advantages over tradilion-
al secondary support methods, Cable supports enhance
stress redistribution to pillars and gob areas, minimize or
eliminate timbers and cribs that reduce ventilation capa-
bilities, eradicate material-handling injuries related to the
placement of crib supports, and provide a cost-cffective
alternative to secondary support. The U.S. Bureau of

Mines (USBM) has designed and installed cable supports
to improve the stability of tailgate and bleeder entries in
a western U.S. underground longwall mine. Design and
installation techniques are presented for both cement and
resin-grouted cable bolt systems. Three case studies dis-
cuss the design philosophy, describe measurement instru-
mentation, and present the quantifiable results to date.

INTRODUCTION

Cable bolts were introduced to the U.S, mining industry
in 1970 as a method to reinforce ground prior to mining,
Until recently, only four underground U.S. hard-rock
mines had used cable supports. In the beginning, dis-
carded wire rope was the preferred choice by most ground
control engincers. Today, the basic cable bolt support
consists of a high-strength steel cable installed in a 4.1- to
6.4-cm (1.625- to 2.5-in) borehole and grouted with ce-
ment. The USBM has also developed the use of resin as
an anchorage material in a 2.5- and 3.5-cm- (1- and 1-3/8-
in-) diameter hole. Traditional cablcs have an ultimate
strength of 244.7 to 266.9 kN (55,000 to 60,000 Ibf) and a
modulus of elasticity of about 203.4 GPa (29.5x10° psi).
Cables are 1.52 to 1.59 cm (0.6 to 0.625 in) in diameter
and consist of seven individual wires. Driven by the de-
mand for high capacity and large deformations in coal
mine gate roads, "Monster Cables" measuring 1.78 cm
(0,70 in) in diameter with a yield strength of 244.7 kN
(55,000 1bf) and an ultimate strength of 378.1 kN
(85,000 1bf) are being introduced. These cables are placed

in a 3.5-cm- (1-3/8-in-) diameter hole. Monster Cable
material characteristics provide large amounts of deforma-
tion at a high degree of loading and ultimate strength.
These steel cables are flexible and can be coiled to a di-
ameter of about 1.2-m (4-ft) for handling, This flexibility
is one of the primary advantages of cable supports, since
the support length is not limited by the opening height.
For a cable support system to be effective, the loads
must be successfully transferred from the rock to the cable
through the grout. Laboratory and ficld investigations
have determined that to achieve the ultimate cable capac-
ity of 258.0 kN (58,000 Ibf), depending on the water-
cement ratio, the top 1.5 m (5 ft) of the cable should be
grouted when using a cement product. When resin prod-
ucts are used, 1.2 m (4 ft) of grout will develop the
ultimate capacity of the cable. Of course, adequate an-
chorage should be evaluated on a site-specific basis by per-
forming a standard pull test. Laboratory and field results
indicate that at least 6% clongation for the ungrouted
portion of the cable can be expected (1-2)* This permits
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the designer to vary the amount of grouted and ungrouted
portion of cable to obtain various degrees of stiffness,
depending on the specific strata to be supported.

Gate roads are the most hazardous areas in longwall
mines. Keeping the gate road entries stable is a chal-
lenging task for the mine engineer. The gate roads pro-
vide access and escapeways for the miners, coal transpor-
tation, and ventilation (intake and return). Headgates arc
supported primarily with roof bolts during development
mining and, during longwall retreat, generally require sec-
ondary reinforcement for a distance outby the face using
wooden posts, hydraulic jacks, or spot roof bolts to cope
with the front and side abutment pressures caused by min-
ing. Headgate entrics must stay unobstructed and com-
pletely open, with minimum convergence, for access of
personnel and equipment and for coal transport. The
tailgates, however, are solely used for return and some-
times for intake air passages and travelways. Much higher
ground pressures exist around the tailgate entries, which
makes them very difficult to support. Moderate entry clo-
sure or partial blockage of the tailgate entry is tolerated.
Generally, wood or concrete cribbing materials are used
for secondary supports in the tailgate entries. Cribbing
patterns and densities are varied to support difficult
ground pressures. In 1992, the USBM evaluated the po-
tential for supplementing or replacing conventional head-
gate and tailgate secondary supports in an underground
longwall mine with cement-grouted cables. The results
indicated that given the pillar layout and site-specific roof
conditions and strengths at the test mine, the use of cable
bolt systems was successful in maintaining the longwall

tailgate entries (3). The successful application of this
technology indicated the potential for several mining ad-
vantages. A direct benefit of cable systems is the instal-
lation of a stiff support system capable of strengthening
and reinforcing roof members to transfer high pressures
into the main and immediate roof and onto supporting
structures away from the periphery of the entries. This
will also reducc cntry convergence, The indircet benefit of
cables is the reduction or elimination of cribs.

A recent analysis revealed that in 1991-92 a total of 734
accidents in U.S, underground mines related to cribbing,
timbering, and blocking were reported. The majority of
the serious accidents occurred in western U.S. under-
ground longwall mines. This directly relates to the height
of the coal seam, which requires the use of ladders to
build the cribs with heavy and cumbersome materials
(4-5). The removal of cribs will also help to minimize the
ventilation resistance in air passages, which results in
savings in air pressure and increases airflow, while re-
moving gas and dust from the working face more efficient-
ly (6). This will create a safer, cleaner environment for
underground mineworkers, while reducing mine ventilation
costs for the mine operator. Additionally, subject to the
availability of a reliable source of quality timber, thc
amount required to support a single 2,530-m (8,300-ft)
gate road with 1.8-m by 20.3-cm by 20.3-cm (6-ft by 8-in
by 8-in) crib blocks in a 2.9-m- (9.5-ft-) high opening
would be 613 hectares (248 acres) of select-cut prime
timber. Eliminating or minimizing crib supports can re-
duce accidents related to support installation, improve
ventilation, and reduce wood consumption.

CABLE SUPPORT DESIGN

Although cables have been used in U.S. hard-rock
mincs, the design procedure is new for underground coal
mines, and applications are significantly different from
hard-rock employment, Wire rope and cable supports
have been used in Australian coal mines for about 8 years.
However, Australian mining methods differ from U.S.
methods in that large barrier pillars, approximately 61 to
122 m (200 to 400 ft), are left between two entries, and
cables arc frcquently supplemented with steel arches and
beams (7-8). The analytical and theoretical approach, on-
going during the investigation, is initially simplistic, but is
being constantly modified based on field measurements.

The first step of the design procedure requires detailed
data gathering to determine the ground conditions in the
underground mining environment. This includes a general
estimation of the rock mass quality, the geological struc-
ture, and strengths of the immediate and main roof mem-
bers. This information can be obtained from roof core
samples and supplemented with a borescope or camera

used in the borehole. Secondly, an estimate of the in-
duced stresses calculated by empirical methods or mod-
eling should be included in the stability analysis. The
weight of the rock mass should be expressed per linear
meter (foot) of roof for mine entries to determine the
required cable spacing. The zone of rock material that
must be supported by the cable system can be determined
several ways, and design principles are constantly being
updated.

The simplest approach is to identify a parting plane
where separation above the roof-bolted zone is likely to
occur, For the worst-case scenario, it can be assumed that
the bolted strata will shear at the pillar boundaries of the
opening and that the entire block must be supported by
cables as shown in figure 1. The weight of the material
can be determined by using the equation

F,, = WexHxy, (§))]






p° = uniadal strength of fractured coal,
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where tan Yk is expressed in radians.

The depth of this yield zone can be calculated or ap-
proximated using the chart shown in figure 4, The chart
was created using a value of 35° for the angle of internal
friction. The W, can then be calculated by using the fol-
lowing equation:

WC=W+Y131+Yp2‘! (6)

where w, effective opening width, m (ft),

W = mined width of the opening, m (ft),
Yy, = vield zone for pillar 1, m (ft),
and Yy, = yield zone for pillar 2, m (ft).

Once the volume and weight of the material to be
supported with cables have been determined, it is possible
to determine the number and spacing of the required
cables to support the gate road entry. Using a cable
capacity of 258.0 kN/cable (58,000 1b/cable) and varying
the number of cables across the opening, the best design
can be determined for a specific application and operation.

Figure 5 shows a design chart calculated for two, three,
and four cables installed for an effective opening width,
W,, of 7.6 m (25 ft) and a material weighing 2,403 kg/m?
(150 Ib/ft*). For example, drawing a line up from the x-
axis, spacing distance along the entry, to the cable number
line and going left from that point to the y-axis indicates
the thickness of a failed beam member that can be entirely
supported with the installed cables. In the example, two,
three, and four cables spaced across the width, at 2.1-m
(7-ft) spacing along the entry, would have the capacity to
support 14, 20, and 27 m (4.5, 6.7, and 89 ft) of
separated material, respectively.
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DISCUSSION AND CONCLUSIONS

Cable supports have been successfully installed with
both cement- and resin-grouted anchorage systems. Ca-
bles have shown their ability to stabilize ground conditions
in hazardous underground locations, such as gate roads
and bleeder entries. Design principles have been pre-
sented to permit initial simplistic cable configurations and
spacings. These design schemes will be modified and up-
dated as the results from several ongoing investigations are

obtained. USBM personnel, with the assistance of indus-
try, are continuing to examine the effectiveness of cable
supports under a wide range of geological and mining con-
ditions, The ultimate goal of this investigation is to pro-
vide engineered and economically feasible support designs
that will provide safer working areas under diverse and
hazardous ground control conditions for the Nation’s
underground mineworkers.
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