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ABSTRACT

The success of cable boits for mine ground control have
been well documented in papers presented at this conference
too numerous to reference. Cable bolts have proven effective
over the years mainly utilized in the form of supplemental
support. Some limited work has been conducted on the use of
cable bolts as primary support. This work has been mainly
confined to the West and the bolts utilized were of a non-
tensioned type. MSHA requirements for primary support have
been that the bolt system be tensioned or if non-tensioned, then
fully encapsulated with resin. Many operators are now
interested in using cable bolts as primary support.

Further, despite the enormous success of cable bolts,
there have been questions raised about the longevity and
corrosion characteristics of the cable itself particularly for long
term applications. To improve the corrosion characteristics of
cable bolts, galvanized cable has been used for some
applications. However, although improving the corrosion
resistance of cable, galvanized cable for mine ground control
does not provide complete protection under certain types of
situations and mine environments.

Realizing a need for a cable bolt that can be used for
primary support and provides consistent installed tension,
complete corrosion protection, and a fast installation, Keystone
Mining Services, LLC (KMS), an affiliate of Jennmar
Corporation, has developed the INST4L CableOx system, This
paper will detail the development and specifics of this system
including two underground case studies.

INTRODUCTION

The resin anchored, non-tensioned, cable bolt has
proven very successful in controlling various ground conditions.
However, particularly in laminated strata, there exists a need for
a cable bolt that will provide consistent installed tension thus
enhancing the beaming effect. Further, a system is needed that
is fast to install. Post tensioning of resin or grouted cables with
a threaded end (torque/tension type bolt) has been tried, but
these systems are slow in installation and do not provide
consistent installed tension.

From a cost perspective, even though successful, cable
bolts as supplemental support are expensive. If cable bolts are
installed as primary support, eliminating or reducing the amount
of cables used for supplemental support, significant cost savings
could be realized.

From a ground control perspective, installing cable bolts
as primary support, closer to the face and sooner after mining,
conditions would be controlled better.

If cable bolts are used as primary support, they would
undoubtedly be used in long term entries. Especially in mines
with a corrosive environment, then longevity and corrosion of
the system would be a concern.

With all the above parameters in mind, the development
of a tensionable cable bolt system was initiated.



19th CONFERENCE ON GROUND CONTROL IN MINING

DEVELOPMENT OF SYSTEM

The idea of a roof bolt with an expansion shell
specifically designed to be used with resin is not new (Stankus,
1990). The INSTAL system (Fig. 1) has proven over the years
to be an industry standard. A properly designed expansion shell
when used with a roof bolt, will provide a fast installation,
proper resin mixing, and consistent installed tension. In
developing the INST4L CableOx, this same technology with
some modification, has been applied.

Attaching an expansion shell to a cable and getting it to
perform properly and develop the full capacity of the cable was
not easy. Early attempts of simply attaching a threaded stud to
the cable end proved very costly and did not consistently
develop the full capacity of the cable. New technology was
developed that enabled the attachment of a high strength,
threaded metal sleeve, at any desired location on the cable. This
capability of having the expansion shell at any location on the
cable, ensured locating competent anchorage strata at any roof
horizon, for any length bolt.

A special expansion shell and resin compatible to the
cable system was then developed. A new expansion shell
designated the J-8C is used with the system. This expansion
shell provides good resin penetration and mixing, and installed
load. New resin (designated Cable INST4L), combines the
properties of both current cable resin and that used with the rod
type INST4L systems. ’

Applying torque to a pre-stressed cable produces
significantly different torque/tension relationships than those
achieved with standard rod type bolts.  Inconsistent
torque/tension ratios with regular, un-coated, “brite” or
galvanized cable led to the use of the epoxy-coated cable. The

epoxy-coated cable was originally developed for construction
use in highly corrosive environments. The use of epoxy coated
cable for mine supports was previously favorably evaluated by
the U.S. Bureau of Mines (Goris, 1990 and 1991). Goris found
that “the high shear stress of the epoxy-coated cable coupled
with its resistance to corrosion and its ability to reduce grout
bleeding makes this type of cable very attractive for bolting
when the support system is long term.” However, at that time,
cables for mine support in the U.S. were in the early stages of
use and the epoxy coated cable was deemed too cost
prohibitive. From a torque/tension perspective, it provides a
consistent relationship when torque is applied.

In terms of resin mixing and bonding, the epoxy-coated
cable is far superior to conventional bare cable. The epoxy
cable comes with a silica grit surface. This coupled with the
surface contours of the individual cable strands produces
superior resin mixing and bonding. Goris found that, “After 28
days of curing, the average shear strength for the epoxy-coated
cables was 878 psi, or approximately 31 pct higher than shear
strength for conventional bare cables. This means that, given
the same length of cable, the epoxy-coated cable should have a
greater load-carrying capacity if conditions were identical.”

As stated earlier, questions pertaining to corrosion and
longevity of cable supports have been raised over the last few
years. These questions became so intense and varied, that under
the auspices of the National Mining Association (NMA),
Manufacturers and Services Division, a special committee,
designated the “Committee on Corrosion and Longevity of
Cable Support Systems” was created. This committee is made
up of NMA members, cable support manufacturers, cable and
corrosion experts, and MSHA. The objective of this committee
was to investigate the issues and promulgate statements of fact
that could be used in the mining industry. In May of 1999, a
fact finding sheet (NMA, 1999) was issued by the committee.
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Fig.  Typical INSTAL system



Due to the large amount of variables affecting
corrosion, it is impossible to define “short life”
or “long life" applications and accurately state
the projected life of a cable support in actual
use.

The general theory of galvanization is that the
zinc coating acts as a sacrificial layer thereby
protecting the base material from corrosion.

The primary parameter as far as the effectiveness
of the galvanized coating protecting the cable
from corrosion is thickness of coating. The
thicker the coating, the longer the cable will last
in a corrosive environment.

Accelerated corrosion with galvanized cable is
possible in areas where the coating may be
compromised under certain conditions such as
high temperature with carbonates and nitrates
present and areas where stray electric currents
may exist.

When the zinc coating of galvanized cable is chipped or
compromised in any manner, the reaction of dissimilar metals
(zinc and high carbon steel) creates an electric galvanic cell
which can accelerate the corrosion process. In the epoxy
coated cable, not just the outside surface, but every individual
strand is coated as shown in Fig. 2. Not only is possible
reaction between dissimilar metals eliminated, but even if the
epoxy-coated strand is “nicked” or chipped, the integrity of the
corrosion resistance characteristic is not compromised. These
facts have been well documented (Dorsten, et. al, 1994).
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Fig. 2 Grit surface epoxy-coated cable
cross section

For all the above stated reasons, the epoxy-coated cable
was adopted as the main cable for the tensionable cable bolt
which is designated “ INST4L CableOx ". The name “CableOx"
was derived from the words "cable” and “epoxy”. Shown in Fig.
3 are the main types of INST4L CableOx bolts now available.

CASE STUDIES
Mine A

Mine A is a longwall mine currently operating in the
Pittsburgh No. 8 seam. Its primary support plan consists of
three, grade 75, 7/8" x 8' INST4L bolts installed in conjunction
with a T-3 roof channel. In certain intersections, headgate and
tailgate entries, non-tensioned cable bolts are installed as
supplemental support as shown in Fig. 4. This system, although
very successful, requires significant non-productive labor and is
expensive. After successful completion of a full-scale trial,
MSHA and state officials have given approval for use of the
INSTAL CableOx as primary support. The mine now utilizes
the INST4L CableOx as primary support in conjunction with the
roof channel, in areas where previously the non-tensioned cable
bolt would have been used as supplemental support (Fig. 5).
Ground control is improved by installing the cable bolts at the
face as mining proceeds and significant cost savings have been
realized.

Mine B

Mine B is a longwall mine in the Pratt seam. Its primary
support plan consists of four, grade 75, 3/4" x 6, INST4L bolts.
For supplemental support in vital entries, two, 12' non-
tensioned cable bolts were installed in between each row of
primary support as shown in Fig. 6. This support plan has been
very successful. However, because of the installation time
involved with a non-tensioned cable bolt (resin mix and hold
time), numerous production delays have been incurred. After
a pull and load cell test, mine management implemented use of
a 12' INST4L CableOx on a staggered pattern of one bolt
between each row of primary support as shown in Fig. 7.
Because of the enhanced beaming effect with the tensionable
cable bolt, the number of bolts between rows of primary support
has been reduced from two to one. This plan has been
successful. Production delays associated with supplemental roof
bolting have been eliminated and costs reduced. The mine plans
next to make the cable bolt part of the primary support.




