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2 Collapsing
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4 Cavability of roof strata

3 First weighting effect

¢ First weighting interval

" Periodic roof weighting effect

8 Periodic roof weighting interval
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JOB TITLE : Installing support system in setup chamber
UDEC (Version 6.00)
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LEGEND
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JOB TITLE : General-material-roof3 (+104)

UDEC (Version 6.00)

LEGEND
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cycle 11657
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block plot
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JOB TITLE : Unbalanced force-roof 3
UDEC (Version 6.00) a0 009
LEGEND
350 T
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cycle 11657
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Y-axis:
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JOB TITLE : Y displacement

UDEC (Version 6.00)

LEGEND

9-May-2018 22:14:57
cycle 291843
time = 6.421E+00 sec
history plot
Y-axis:
y-displacement
X-axis:
Number of cycles
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JOBTITLE : Plastic state

UDEC (Version 6.00)

LEGEND

9-May-2018 22:14:57

cycle 291843

time = 6.421E+00 sec
block plot
no. zones : total
at yield surface (*)
yielded in past (X)
tensile failure (o)
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o E C ® K G C: or :
Parameters (MPa) | (GPa) | (MPa) | () | () (GPa) | (GPa) | MPa)| () | ()
Siltstone 10.00 | 3.10 0.90 | 3564 | 5 2.07 1.24 0.09 23.76 3.33
GSI=80 & Shale 36.00 | 11.16 | 3.23 |34.16 | 5 7.44 4.46 0.32 22.77 3.33
D=0 F-Sandstone 75.00 | 23.25 | 7.24 |43.83 | 5 15.50 9.30 0.72 29.22 3.33
C-Sandstone 150.00 | 46.50 | 14.47 | 43.83 | 5 31.00 | 18.60 1.45 29.22 3.33
Siltstone 10.00 3.10 0.60 [31.76| 5 2.07 1.24 0.06 21.17 3.33
GSI=65 & Shale 36.00 | 11.16 | 2.08 |30.41| 5 7.44 4.46 0.21 20.27 3.33
D=0 F-Sandstone 75.00 | 23.25 | 5.47 | 3957 | 5 15.50 9.30 0.55 26.38 3.33
C-Sandstone 150.00 | 46.50 | 10.94 | 3957 | 5 31.00 | 18.60 1.09 26.38 3.33
Siltstone 10.00 3.10 045 | 2753 | 5 2.07 1.24 0.04 18.35 3.33
GSI=50 & Shale 36.00 | 11.16 | 154 |26.28| 5 7.44 4.46 0.15 17.52 3.33
D=0 F-Sandstone 75.00 | 2325 | 439 |3508 | 5 15.50 9.30 0.44 23.39 3.33
C-Sandstone 150.00 | 46.50 | 8.77 |35.08| 5 31.00 | 18.60 0.88 23.39 3.33
Siltstone 10.00 3.10 0.34 |23.26 | 5 2.07 1.24 0.03 15.51 3.33
GSI=35 & Shale 36.00 | 11.16 1.17 | 22.09 5 7.44 4.46 0.12 14.73 3.33
D=0 F-Sandstone 75.00 | 23.25 | 349 |3054 | 5 15.50 9.30 0.35 20.36 3.33
C-Sandstone 150.00 | 46.50 | 6.97 |[3054 | 5 31.00 | 18.60 0.70 20.36 3.33
GSI=50 & Floor & main roofs | 120.00 | 37.20 | 7.02 | 3508 | 5 | 2480 | 1488 | 0.70 | 23.39 | 3.33
D=0 Coal 15.00 2.00 0.59 | 2399 | 2 3.33 0.71 0.06 15.99 1.33
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Abstract

In mechanized longwall mining proper caving of immediate roof guarantees the
success of operation while delayed or poor caving will lead to severe consequences
which results in reduction of safety and productivity. Therefore, a reliable
evaluation of strata caving potential and prediction of the main caving span is
imperative in the planning stage of longwall projects. The aim of this thesis is to
present a qualitative and quantitative model to evaluate immediate roof strata
cavability and prediction of the main caving span. For this purpose, nine inherent
parameters were chosen as significant affecting factors on strata cavability. A fuzzy
hybrid multi criteria decision making (MCDM) was used by combining fuzzy
analytic network process (ANP) technique and fuzzy decision making trial and
evaluation laboratory method (DEMATEL) to develop a new classification system.
Subsequently, Roof Strata Cavability index (RSCi) was defined which qualitatively
categorizes cavability level into five classes from uncavable to highly cavable. The
qualitative model was developed in two forms based on two different approaches
including high accuracy and easiness of the application. Validation of RSCi with
the use of twelve actual cases of worldwide longwall panel showed logarithmic and
exponential functions delineate relationship between the main caving span and
RSCi of first and second approach, respectively. In addition, capabilities of RSCi
was investigated to predict and model the main caving span. The results showed
that the linear model based on RSCi of the first approach and hydraulic radius (HR)
width possesses a higher performance in the prediction of the main caving span in
actual cases when compared to the other models. In order to develop quantitative
model, discrete numerical simulation incorporating distinct element code UDEC
software was applied. To that end, at first, parametric study was conducted to
investigate the role of seven significant parameters in the main caving span value.
The results showed that the main caving span has direct relationship with equivalent
immediate roof strength (EIRS) and GSI, has inverse relationship with lamination
spacing, mining depth and extraction height and does not has a clear relationship
with in situ stress ratio and advance rate. In order to establish an initial database, the
main caving span was modeled for different values of RSCi, extraction height and
GSI. Accordingly, initial database was extended to 738 datasets with considering
15% overestimate and underestimate in numerical modelling as well as a COA-
SVR method. The value of the main caving span for each class of RSCI was
analyzed probabilistically and probability density function (PDF), cumulative
distribution function (CDF) and statistical indices was found out. Subsequently, the
comprehensive model was proposed as a table in which the range of the main
caving span for each RSCi class was proposed in 75% confidence interval. The
results of model validation show that 75% of actual cases have the main caving
span in the proposed range. It was concluded that proposed models are simple and
efficient tools to evaluate the cavability of immediate roof and to predict the main
caving span in mechanized longwall mining.

Keywords: Coal, Mechanized longwall mining, Cavability, Main caving span, Multi
criteria decision making, Discrete numerical simulation
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