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Table 2. Comparison of measured and computed maximum subsidence.

Mine Name Overburden Panel Width— g;];rb;:lit Model Calculated Measured Error (%)
Depth (ft) Depth Ratio % (l:f HR) Subsidence (ft) Subsidence (ft) o
0
4.77

0, 0,
A 1,880 0.42 44% (For 4 Pancls) 5.00 4.6%

1.59 o
2,057 0.35 (For 1 Panel) 1.55 2.5%

B 48% 2.35 o
2,057 0.35 (For 2 panels) 2.40 2.1%
1,800 0.56 3.72 34 9.4%
C 518 2.23 28% 1.14 1.17 2.6%
b 715 1.10 25% 1.05 1.07 1.9%
647 2.10 37% 1.45 1.52 4.6%

Figure 3. Subsidence comparison for Mine C.

comparison of the measured and computed (modeled) maximum
subsidence.

Case #2 Mine B

The depth of cover throughout Mine B ranges from 1,600
to 2,200 ft. The longwall panels in the older districts are
approximately 1,000 ft wide and in newer districts are 700 ft wide.
The gateroad comprises a yield-abutment-yield system. Subsidence
over one older district longwall (1,000 ft wide and 1,800 ft deep)
and two consecutive newer district longwall panels (700 ft wide,
2,057 ft deep) were monitored. Mining height is approximately
6.5 ft. Table 2 shows the comparison of the measured and computed
(modeled) maximum subsidence for three cases from Mine B.

Case #3 Mine C

The depth of cover throughout Mine C ranges from 400 ft to
600 ft. The longwall panels in the area are approximately 1,100 ft
wide. The gateroad comprises a three-entry system. Subsidence
over a longwall panel and vertical stress change up to 30 ft into
the abutment pillar were monitored. Table 2 shows the comparison
of the measured and computed (modeled) maximum subsidence.
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Figure 3 shows the comparison of the measured and computed
subsidence profile. The comparison of the measured and computed
stress is shown in Figure 4.

Case #4 Mine D

Mine D is located in Greene County, Waynesburg, Pennsylvania.
The mining height is approximately 6.5 ft. In previous operations,
the panel widths were around 800 ft. Currently, the mine operates
with panel widths greater than 1,500 ft. Average overburden depth
for the previous operations was 700 ft. The gateroad comprises a
three-entry system. Subsidence over an older longwall panel (panel
width 786 ft and depth 715 ft) and a newer longwall panel (panel
width 1,391 ft and depth 647 ft) was monitored. Figure 5 shows the
comparison of the measured and computed subsidence profile.

Table 2 shows the comparison of the measured and model-computed
maximum subsidence values for seven measurement cases from
four case study mines. The maximum error between measured and
computed subsidence is calculated as 9.4%. The mean of error for
seven cases is 4.6%, and standard deviation is 2.7%.
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ANALYSIS OF OVERBURDEN LOAD
TRANSFER MECHANISMS
The GRC for three cases from two shallow mines (Mine C and
Mine D) is shown in Figure 6. The vertical axis in the graph
represents normalized internal pressure (internal stress/in situ
stress), and the horizontal axis is the average convergence along
the gob. The green line indicates the ground reaction curve for

Mine C with Panel Width/Depth ratio (PW/H) of 2.23 and %HR
of 28%. The red line represents the ground reaction curve for Mine
D with PW/H ratio of 2.10 and %HR of 37%. The blue line is the
ground reaction curve for Mine D with PW/H ratio of 1.10 and
%HR of 25%. Initially, all three curves are steep and nearly linear.
This behavior embodies the elastic response of the overburden
(Barczak, 2017).

As the internal pressure reduced, the ground reaction curve

100 ----Model becomes nonlinear and begins to flatten, indicating that the
1400 In-situ stress overburden is failing (Barczak, 2017). The difference between
% 1200 -"‘. ® FIELD DATA the normalized internal pressure and normalized in situ pressure
= i A (100%) indicates the percentage of in situ load transferred to the
% 1000 :" % A AN abutments. Figure 6 shows that as PW/H ratio decreases, the elastic
[ [ O/} Y part of the ground response curve’s slope increases. In addition,
o 800 i S NPT et ' . . .
3 [ N S o ] : o load transferred to the abutments also increases with decreasing
S 600 i i : P PW/H ratio. When similar PW/H ratio cases (green and blue curves)
E 400 1 "= :: with different HR percentages are compared, the elastic part of the
> i Vo GRC’s slope is steeper and load transferred to abutments are larger
200 |} i for stronger overburden. Figure 7 shows the GRC for three cases
0 | o from two deep mines (Mine A and Mine B). Similar to the shallow
cases, the slope of initial elastic response of overburden steepens
Figure 4. Stress comparison for Mine C. with decreasing PW/H ratio. For deeper mines with low PW/H
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Figure 5. Subsidence comparison for Mine D.
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Figure 6. GRC for three shallow mines.

Figure 7. GRC for three deep mines.
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ratios, load transferred to the abutments are much larger compared
to shallow mines.

SUMMARY AND FUTURE WORK

The results of this initial study showed that the modeling
methodology used in this study approximates mining-induced
stresses and deformations within 5% of values measured in the
field. The influence of the panel width to depth ratio and overburden
geology on GRC has been demonstrated. When panel width to
depth ratio is small or the overburden consists of strong rock layers,
the ground response is stiffer, and loads transferred to the abutments
are larger. In the future, case studies from 8 more U.S. mines will be
analyzed with the modelling methodology described in this paper,
and GRC will be derived for each case study. The results of these
analyses will be used to develop a practical approach to incorporate
effect of geology and mechanical overburden in ARMPS and ALPS
load calculations.
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