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cave was 100° or nearly perpendicular to the maximum
horizontal stress. This created a stress reduction zone that
protected or shadowed most of the panel behind the cave from
the affects of the maximum horizontal stress. Figure 17 shows
the stress reduction zone generated by the cave. A
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Figure 17. "Advance and relieve" panel with cave
showing the forward and rear abutments and stress
reduction zone

A significant stress reduction was achieved with caving that
ranged from 800 tol,200 psi at a distance of 120 ft from the
cave. This level of stress relief may represent a reduction of up
to 50 pct of the maximum horizontal stress. More stress relief
would occyr closer to the cave while the amount of stress relief
will diminish with distance. Underground observations indicate
that once the openings were in the stress shadow, minimal stress
damage occurred to the mine roof. Further, no roof falls
occurred in the "advance and relieve" sections yet there was
nearly 18,000 ft of drivage shadowed by the caves. in three
panels. This allowed for retreat mining in the stress relieved
sections with no roof control problems or roof falls.

The width of the stress relief zone from the cave appears to
be between 250 to 500 ft. With a cave heightof only 35 to 37 ft
this stress reduction zone was 7 to 14 times the cave height.
Further, the extent of the stress relief can not be explained by the
response of a continuous, homogeneous, elastic material. This
implies that much of the stress relief must come from movement
and slippage along bedding planes or other discontinuities (3, 6).
The extent of any stress relief zone will determine the width of
the panel or mining that can be effectively protected.

During this investigation, because of the cave orientation
with respect to the stress field, the faces were not relieved
immediately but fell into the stress shadow 1 or 2 crosscuts
behind the face. In much of the development in the 3 panels,
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shielding the faces was not critical since immediate stress
damage did not occur in the advanced workings. When this
damage did occur at the faces such as at the end of ElS, the
damage was limited because the roof was exposed to the high
stresses for only a short time. Once behind the ‘cave, the
openings suffered no further roof damage.

With the no roof falls during retreat mining, the stress
concentration that usually developed in front of the pillaring
appears to be absent or greatly reduced by the stress relief
generated on development. Prior to "advance and relieve"
mining, sections of panels could not be mined during retreat
mining because of roof falls caused be the stress concentration
generated by the retreat cave.

Forward and Rear Horizontal Stress Abutments
and Pillaring Plans

As the stress reduction zone was created, both forward and
rear horizontal stress abutments were developed. Figure 17
shows the location of these stress abutments with respect to the
cave. The forward stress abutment results from the concentration
of the horizontal stress in front of the cave. Because of this
stress concentration, localized roof damage occurred in the faces
adjacent and forward of the cave. However, the location of this
damage was generally predictable though requiring at times
longer bolts to be installed. Also, these areas were subjected to
these stress conditions for only a short period of time which
minimized the damage that could be done.

Because of the forward horizontal stress abutment,
adjustments to the original pillaring plan had to be made. The
first pillaring plan was not successful because of the difficulty in
trying to mine an entry across and into the stress concentration
(figure 8).

With the second plan, the ground control problems resulting
from the stress concentration were minimized. The stress
concentration was still on the inby half of the crosscut and in the
notch where stress damage in the form of cutters and guttering
still occurred (figure 10). However, the intervening coal pillar
between the notch and the crosscut reduced the combined affects
of the two openings on the stress concentration. When the
barrier and pillar were now mined, a portion of the horizontal
stress concentration was now over a section of the pillar to be
extracted. This concentration was located near the notch and was
seen between cut sequence 4 and 5 with the roof cave initiating
when these cuts were taken. However, instead of being a
problem for development, the stress concentration now assisted
in generating a cave. Once the cave occurred at this stres$
concentration point, there were few problems with themining o
the rest of the pillar.

A rear horizontal stress abutment was also created that w.
similar to the forward abutment except that this rear abutme
was stationary (figure 17). Essentially, the stress concentrati
once fully developed was not limited in time in causing str ,
damage. As a result, the damage of the rear abutment appeare











