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Roof and rib hazard assessment
for underground stone mines

Hazard assessment techniques
Of the 33 mines visited, 32 used
the room-and-pillar method. This
method is most efficient and safest
when the mining results in a smooth,
competent roof (back) and the ribs
(walls) are free of loose rocks. Findin,
a mining horizon that has both a
stable roof beam and a stable roof
line and determining an optimal mine

{layout are critical tasks in developing a safe and produc-
tive mine. Room widths, heights and lengths and pillar
orientations and shapes should be predetermined to
minimize roof and rib hazards. During development of a
new mine, detailed consideration should be given to the
mine portals and main access drifts, as these openings
must remain stable for the life of the underground mine.

Finding a stable roof beam. Perhaps the first criti-

cal roof-satety consideration is to find
a stable roof beam. The ideal roof
beam is massive, strong, persistent
and weather resistant. Local stratigra-
phy (the lavers of stratified rock) dra-
matically affect ground stability,
especially when certain lithologic
thickness, bedding lamination and
cross-bedding features are present. In
general, a thick competent bed of
rock (preferably limestone) within
the immediate roof horizon results in
a stable roof beam. This is because
limestone is generally stronger and
more massive than shale or siltstone
{which is soft and bedded). Stiffer
racks sag (deflect) less than softer
rocks, and thicker roof beams sag less
than thinner beams. Therefore, the
imumediate roof should consist of a
limestone beam of sufficient strength
and character so as to minimize roof
sag.

In general, the less a roof beam
sags, the less chance for beam failure.
A meter (3 ft) or more of competent
{having few joints) limestone was ob-
served to form a stable beam in 10-m-
(35-ft-) wide rooms in many under-
ground mines. As more joints inter-
cept the roof beam or the associated
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Abstract

From 1991 through 1995, 44
miners out of ¢ total work force of
less than 2,000 were fatally injured
in the stone industry, Of these, 12
occurred at underground mining
operations with nine deaths result-
ing from roof or rib falls. A safer
environment can be achieved by
evaluating the nature of the hazard-
ous ground and by developing more
efficient and effective ground-con-
trol strategies. Roof and rib condi-
tions were observed and assessed in
33 underground stone mines in Ili-
nois, Indiana, Kenucky, Marvland,
Missouri, Pennsylvania and West
Virginia (Fig. 1). Hazard assess-
ment indicated that the ground fail-
ures that occurred under moderate
to substantial overburden, i.e., >30
m (100 ft), were caused by stress
concentrations and geclogic struc-
tures. Ground failures near the sur-
Juace are caused by solution (water)
processes. Selection of the mining
horizon and mine-{ayout decisions
tremendously influence ground sta-
bility.
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room is widened, the chance for insta-
bilities increase. Therefore, changes in
roof beam characteristics should al-
ways be considered as new faces are
advanced.

Massive limestone is very strong,
often having compressive strengths of
207 MPa (30,000 psi) and tensile
strengths of 14 MPa (2,000 psi). Un-
fortunately, like any other rock, lime-

stone contains discontinuities (vertical joints or fractures
and horizontal bedding planes) that can affect roof-
beam strength. These discontinuities (breaks) in the rock
control the strength of the rock mass. Therefore, hazard
assessment is based mainly on recognizing the character-
istics and structure of the local roof geology.

Rock characteristics that should be measured or ob-
served are: the orientation, the dip and scale (spacing) of

the horizontal bedding planes
{smooth surfaces), and the high-angle
vertical joints (breaks). When drilling
exploration holes, a geologist should
be employed to log and examine the
core from the mining horizon, identi-
{ving the character of both the intact
rock and the observed fractures or
breaks. When a highwall exposure of
the mining horizon is present, mea-
surement and observation should be
made of the bedding and joint charac-
teristics within the highwall. If the
face is weathered, a new “clean” ex-
posure should be developed if pos-
sible. Presplitting a small cut of
highwall can minimize blast damage
and maximize the percentage of ob-
servable “in-place™ breaks. It is also
important to examine the rock debris
teft on benches after blasting. Often,
competent horizons will produce
large boulders. Note the location and
character of rock fragments from dif-
ferent strata. Most surface quarries
have boulders placed along road sides
to act as beams or barriers. Find out
where these boulders came from.

As a mine develops away from
the highwall or outcrop, underground
exposures must be analyzed to deter-
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