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face in any of the pumpable roof support areas. Longwall

tailgates previously supported by wood cribs were reported to

have poorer ground conditions outby the face than were observed
at these sites (5). Hence, it appears that the stiffness of the

pumpable support may be a contributing factor improving ground
control. There is some quantitative data to suggest this, but a
control study on a significantly softer support system such as
wood cribbing was not conducted. In the study panel, a section
of four-point cribs in the tailgate at the completion of the panel
approaching the recovery area also provided good ground control
conditions based on visual observations. This might suggest that
the loading environment was displacement<controlled and that
the support was contributing little to the ground conditions, but
convergence measurements were not made and since the loads

were small, visual observations are not likely to be accurate

enough to make this claim.

The support response inby the face is even more ambiguous
and requires an understanding of the mechanics of the roof
activity. As the longwall passes, the immediate roof over the
longwall panel caves behind the longwall shields. The immediate
roof, which was previously spanning across the tailgate to the
gate road pillars, tends to shear off in the tailgate entry near the
row of standing supports as the gob forms behind the face. The
remaining immediate roof is acting as a cantilevered beam from
the coal pillar, with additional support provided by the standing
roof support. The stiffness of the pumpable roof support may be
beneficial in preventing deformation of this cantilevered roof
beam and separations of the laminated strata within the
immediate roof. However, the intermediate or main roof is still
bridging across the entry to the gob, but since the gob is
significantly softer than the pillars, there is likely to be
considerable ground movement, and most likely the convergence
associated with this will be uncontrollable by the pumpable roof
support system. Therefore, there would appear to be conflicting
support stiffness requirements relative to the deformation to be
controlled. The ideal design would be to match the stiffness of
the support to respond to the intermediate or main roof behavior.
The ideal design would allow the support to yield due to the
convergence which will occur irregardless of the presence of the
pumpable roof support without overstressing the immediate roof
or allowing large separations in the immediate roofto occur. The
pumpable support functions well until it is “pushed” beyond its
peak capacity, where load shedding appears to cause the support
to lose control of the roof in some cases. If the loading is
displacement-controlled, then the peak loading cannot be
prevented from occurring, but could be delayed if the support
response was softer. However, as previously described, a softer
support response outby the face may cause more problems and
offset any advantage that might occur inby the face. It is also
possible that high stiffness coupled with the capacity of the
support may overstress the immediate roof during the load
development causing it to break up or “yield” above or in the
vicinity of the supports, which may contribute to the inability of
the support to maintain roof control when the peak loading is
exceeded.

Maximum Capacity

Historically, the maximum capacity requirement for a
standing roof support system has been equated to the weight of a
detached block of roof rock where separations in strata occur
above the bolted horizon. Although this factor should be
considered in the determination of the maximum support capacity,
this study clearly indicates that such a failure may be the
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exception rather than the rule. The maximum load developed by
the pumpable roof supports in this study outby the face was on
average about 50 tons (for the pillar area supports), or about 40
pet of the available capacity of the support. More appropriately
quantified, the support load density provided by this arrangement
of supports was 6.25 tons/ft of tailgate. Does this mean that this
is the maximum load requirement for all pumpable roof supports
or for any standing support? Although the generic answer is no,
this remains a difficult question to definitively answer. If the
stiffness of the support is indeed helping to maintain the integrity
of the immediate roof beam (meaning load-controlled roof
behavior), then a softer support system that allows more roof
deformation would require a higher ultimate capacity if the added
deformation leads to additional roof weighting. In a purely
displacement-controlled loading environment where the
convergence is uncontrollable and the support is simply reacting
to the closure of the tailgate, a stiffer support system would also
require higher capacity since it would be more heavily loaded
from convergence than a softer support. Some examples might
help to clarify this discussion. If four-point wood cribs would be
required to provide 6.25 tons per ft of entry support capacity at
0.45 inches convergence to control an overhead block of roof
rock, mwe rows of cribs made from 6x6x36-inch, mixed-
hardwood timbers, wedged tightly against the mine roof with
hardwood wedges, would need to be installed on a centerto-
center spacing of about 48 inches [alf the distance of the
pumpable supports) (6-7). In other words, four times as many
wood cribs compared to pumpable supports would be required.
However, if a fourpoint wood crib was used to replace the
pumpable roof support (i.e. same arrangement as the current
pumpable roof support system at Emerald), then convergence of
approximately 3.5 inches upon the wood crib would be needed to
generate 6.25 tons of support capacity per ft of tailgate. Ifonly a
full displacement<controlled loading environment is assumed,
then at the 0.45 inches of convergence measured in this study,
four-point wood cribbing installed in the same arrangement as the
pumpable roof supports would only provide approximately
1.5 tons of support capacity per ft of entry. This represents a
capacity capable of supporting only the first foot of roof rock.

Yield Capability

One of the goals in the development of the pumpable roof
support system was to maintain a useful residual load carrying
capacity through several inches of convergence. From this study,
it appears that this is not critical for roof control outby the
longwall face, at least in these conditions. Less than 50 pet of the
available support capacity was used outby. However, this again
brings up the issue of whether the ground activity is
displacement-controlled or load-controlled.  Since longwall
mining is likely to be a combination of both, then there are likely
to be conditions where the support will be “pushed” beyond its
peak capacity. While this did not happen in this study outby the
longwall face, the maximum capacity is exceeded inby the face
and the inability of the support to sustain its peak loading appears
to have significant consequences on the supports capability to
maintain roof control under these conditions.

As the previous data analysis of the support behavior inby the
face showed, the load shedding of the support once the grout
material fractures at the peak capacity of the support allows the
roof movement to increase causing additional separations and
delaminating of the immediate roof structure. Since the
immediate roof is now heavily loaded by the uncontrollable
convergence of the main roof deforming from the gob formation,
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the acceleration of the immediate roof deformation by the loss of
support capacity appears to result in failure of the immediate roof
beam. By the time the support is able to re -establish its residual
load capacity, it is too late. The roof beam has already been
destroyed and the functional capability of the support to provide
roof control is now lost.

It is also important to understand that this is (assuming
displacement-controlled roof activity) a yield capability problem
and not just a peak capacity problem. If the convergence is
uncontrollable, then the support will be “pushed” beyond its peak
capacity regardless of the peak capacity. However, the support
must to be able to sustain some load carrying capacity to support
the immediate roof as the convergence continues. Therefore,
yield capability is important, particularly in the case of the inby
loading situation. In ths regard, it should be noted that
premature failure of stiff fiberconcrete cribs outby the face
occurred at this mine at higher depths of cover (900+ ft).
Unfortunately, the lack of any residual load capability in these
supports resulted in tailgate ground falls outby the face (5). Ifthe
peak loading of the pumpable support was exceeded outby the
face, poor roof conditions may also occur.

SUMMARY AND CONCLUSIONS

Pumpable roof supports have done a good job of providing
roof control outby the longwall face at the Emerald mine. For the
past 2-3 years, efforts have been ongoing to optimize the support
design by reducing the size of the support, the water content in
the grout mix, and most recently the spacing of the supports.
This study was conducted to help provide answers to the impact
of these optimization efforts and to provide insight into
fundamental design issues for pumpable roof support systems.

The study clearly shows that at this mine a 24-inch diameter
support is fully capable of providing adequate ground control
under depths of cover of 750 ft as only 50 pct of the available
support capacity was utilized outby the longwall face. It was also
shown that the 2.00 to 1 watersolids ratio, despite providing a
slightly softer support response, is sufficient for maintaining the
same degree of roof control provided by the traditional 1:75 to |
grout mix. The 10-ft spacing of the supports also did not cause
any problems outby the face, but as noted in the paper, the load
development in the 10-ft spacing area was lower than expected
suggesting there may have been a difference in ground conditions
at this site that prohibit a direct comparison of this site with the
other two test sites.

An evaluation of the inby performance raised more questions
than it answered; partly due to the difficulty in maintaining data
transmission in this environment. Visual observations indicated
that the tailgate remained open somewhere between 75 and 100 ft
inby the face, while peak support loading occurred less than 50 fi
inby the face. Several supports (at least half of those where peak
loading was observed) did not develop any significant residual
loading, This suggests that these supports had lost their
capability to provide roof control. It appears from the roof
deformation data that the large load shedding behavior of the
support following peak loading allows the immediate roof to
separate. When this happens, the support is unable to regain
control of the roof in time to prevent failure of the immediate
roof in many cases, particularly when the roof separations begin
to occur during the loading of the support. If true, this has
significant consequences on the support design for application in
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these conditions. First, considerable effort has been made to
ensure that the support is capable of providing a residual loading
through several inches of convergence. If the load shedding
following peak loading cannot be significantly decreased, and it
is unlikely that it can be with the current system, than it is
unlikely that this support will provide full control of a thinly
laminated weak roof inby the longwall face. Given these
circumstances where the support is not achieving control of the
roof, the need for any residual loading capacity is questioned. If
the requirement for residual loading is dropped, then the bag can
simply act as a form to fill the support and need not confine the
material once it fails. Relaxation of the need for residual loading
capacity may also allow other grout materials to be used.
However, it should also be stated that some supports did develop
residual loading and provide some degree of roof control. Hence,
it 1s difficult to say with certainty that no residual loading
capability on all of the supports would not result in poorer ground
conditions than were observed here.

Perhaps the more important question is whether a support
system that does not shed load when yielding would provide
significantly better roof control. This question brings back the
primary objective expressed in the title of the paper of
determining the ground reaction curve for these conditions.
Although there were some apparent differences in the stiffness of
the three systems evaluated in this study, the differences were not
large enough to define a ground reaction curve. In order to
achieve this goal, other support systems will need to be included
in such a study. One possibility would be evaluate the behavior
of a Can support, which unlike the pumpable roof support has
sufficient confinement capability to sustain its load carrying
capacity once the peak loading is exceeded. Evaluating the
performance of the Can support would determine if the unloading
of the pumpable support inby the face was indeed the result of the
load shedding characteristic of the support, and more importantly,
if roof control could be maintained for a longer period of time or
greater distance inby the face.

For the outby conditions, most people would agree that the
low convergence was largely responsible for the excellent
conditions that were observed outby the face in these weak roof
conditions. But, how significant is the stiffness of the support in
controlling the roof outby the face? With less than 0.5 inches of
convergence observed in this study, the two extreme possibilities
are presented. If the loading is completely displacement-
controlled, then only 0.5 inches of convergence would occur no
matter what support was used and it could be argued that for roof
control outby the face, no standing support is needed. On the
other hand, if the environment is load-controlled, then the
stiffness of the support most likely played a critical role in
maintaining the convergence to such a low level. Again, defining
the ground reaction curve would answer these questions.
Although the Can support is softer than the pumpable support
used in this study, a support system softer than the Can would be
preferred to evaluate the ground reaction curve outby the face. A
conventional 4-point wood crib would be useful in this regard.
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