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1 Executive Summary

This report details the successful development and validation of a new stability mapping platform, StabMap,
designed to mitigate severe safety risks associated with pillar stability and ground control in underground
stone mining. The primary objectives were two-fold: first, to validate the use of the boundary element
software LaModel—historically used for coal—as an enhanced design tool for stone mines, improving upon
the limitations of the existing S-Pillar program; and second, to develop StabMap as a user-friendly,
database-driven front end to LaModel that streamlines scenario preparation and analysis.

The research confirmed that LaModel can be used to model both development and benched areas in
underground stone mines, a conclusion supported by comparisons with FLAC3D simulations. Furthermore,
the study emphasized the critical influence of geological discontinuities. The analysis also confirmed the
value of LIDAR scanning in capturing realistic, irregular pillar geometries, which often resulted in narrower
dimensions than those on mine maps, leading to strength reduction estimates that were notably different
between the numerical and empirical models.

The report also discusses the successful launch of StabMap, a brand new, database-driven software
platform that functions as an efficient pre- and post-processor for LaModel and is independent of AutoCAD.
It incorporates the necessary elasto-plastic analysis developed by Escobar (2021) to generate material
models for both development and benched stone pillars.

This platform integrates the functionality of previous tools (LamPre and the Stability Mapper AutoCAD
plugin) into a single environment. StabMap expands upon previous limitations by extending the grid
dimension limit beyond 2000 x 2000 elements and allowing the analysis of more than four steps and four
seams simultaneously.

The stability mapping platform is provided as a free tool and has been officially approved by the MSHA
Technical Support Branch for installation on their computers, projecting that it will eventually be adopted by
most consultants and mine operators evaluating pillar stability. While currently StabMap supports only one
development and one benched level for stone seams, this functionality is planned to be expanded in the
near future to accommodate two and three bench level operations.

Avenues for future work are discussed. These include the improvement of methodologies regarding multi-
seam stone operations and the refinement of the lamination thickness estimation.



2 Problem Statement and Objective

Underground stone mining represents around 21% of the total underground mining operations in the United
States (NIOSH, 2021). In 2019, more than 2000 people worked in underground stone mining (NIOSH, 2021).
Approximately 40% of fatalities have been linked with falls of ground from roofs and pillars in underground
stone mines since 2006, and the time lost related to ground controlissues represents about 15% of the total
lost working days in underground stone mining (MSHA, 2016). Five massive pillar collapses (Crab Orchard
Mine — August 2021, Torrance mine - November 2020 and July 2021, Subtropolis Mine — October 2020 and
Whitney Mine — May 2015) occurred between 2015 and 2021 in older workings of active limestone mines. On
January 7, 2022, a massive roof fall claimed the life of a dozer operator in an underground mine operatingin
the Loyalhanna formation and reports of extensive regionalized roof falls in other mines demonstrated the
potentially severe risk to the safety of miners in underground stone mines.

Inthe U.S., the S-Pillar program was developed by the National Institute for Occupational Safety and Health
(NIOSH) to assist in designing stable pillars in underground stone mines (Esterhuizen et al., 2011). S-pillar
considers the influence of a large joint set intersecting a pillar on the stability of the pillar. This approach
does not consider the relative location of geological structures with respect to pillars or that multiple joint
sets may intersect a pillar. Moreover, the S-Pillar program conservatively calculates the pillar load as the
maximum depth over the pillar layout, and the tributary-area stress calculation is only truly valid if the mine
uses regularly-sized pillars (Esterhuizen et al., 2011). Currently, the S-Pillar program calculates the stability
factor of underground stone mines by assuming that the full weight of the overburden is evenly distributed
among the pillars and is only valid if large areas are mined using regularly-sized pillars (Esterhuizen et al.,
2011). Therefore, the S-Pillar program can be further improved by extending the stability analysis of pillar
systems to variable topographies and geometries.

LaModel is a software program used by mining operators to analyze stresses, displacements, and safety
factors in underground mines, particularly for thin, tabular ore bodies like coal seams. It can model single
and multiple seams, irregular pillars, and variable topography, calculating outputs such as seam
convergence, pillar safety factors, and surface subsidence. It was originally developed in 1993 for the
analysis of coal mine related stresses.

The main objectives of this project were to (a) utilize LaModel to provide enhanced capability beyond that
provided by the empirical S-Pillar program and (b) develop a front end to LaModel that would incorporate the
methodology developed so that stone mine scenarios could be easily prepared and fed into LaModel.



3 Research Approach

3.1 Overview

The ultimate goal of this project was to develop a stability mapping platform (software package) that is
independent of the AutoCAD package, which would allow mine operators to assess stone mine pillar
stability to identify potential hazard zones in the mine.

The project included two main objectives.

e The first objective (objective 1) was related to a research component that would target (i) the extension
of the stone mine pillar concentric zone capacities derived by Escobar and Tulu (2021) to semi benched
pillars, (ii) the development of laminated overburden models for stone mine stress analysis that could
be addressed either through LamPre (v3) or under the stability mapping platform.

e The second objective (objective 2) was related to the development of a stand-alone, user-friendly
software tool based on the Microsoft Windows platform that comprises the stability mapping platform
(StabMap). The platform would allow for different input parameter groups that would be used to develop
the stability maps of each project.

The literature review for the research component is presented in Appendix A.

A number of case studies were modeled under Objective 1, and the results are presented in Section 4 and
Appendix A. The material models that were developed using Escobar’s equation (Escobar 2021), were
applied to both development pillars and benched pillars. In the initial phases of the project, the values
pertaining to the elasto-plastic material models were developed through Excel and manually entered into
LamPre. It should be noted that LamPre was developed for coal pillar analysis and, therefore, it can not
generate material properties for stone.

While developing the stability mapping application for stone mines, it was considered prudent to extend the
scope of the program to also include material model generation and other features applicable to coal mine
projects. Thus, StabMap was expanded to include both, while maintaining compatibility with LamPre.

The Windows application was developed as a database-driven back end and a Windows front end (Figure 1).
In addition, a project and scenario-based structure was built into the platform. Thus, multiple iterations of a
given project can be analyzed as scenarios and can be easily compared.

3.2 Design Guidelines
The design guidelines adopted for this project include the following:
o The application should be fully parametric.

o The application should be developed for a collaborative or stand-alone office environment.

o The application should be a database-driven application (operating on a client server concept) that
should be able to store primary data as well as results.



The user should be able to set/change parameters when needed.

Logs should be kept to document user actions at every step.

Imported data should be easily accessible and reusable.

The application and database back-end should be optimized to store and retrieve large datafiles.
Data generated based on imported data should be easily accessible and reusable.

The installer should be able to update both the application as well as the back-end database without
affecting any user data already in the database.

There should be tools to backup and restore a database (see the users manual in Appendix C).

There should be options and settings that the user can set at the local level (see the users manual in
Appendix C).

The application should follow the project/scenario framework where scenarios and all their data can be
managed as a single entity (i.e., copied, deleted, saved, etc.).

3.3 The Project — Scenario Concept
The project-scenario concept has been successfully implemented in a number of other database

applications developed by the Pl (e.g., Wetbud, TreeSpec)

The project—-scenario concept is briefly described below:

A project, as defined in this application, includes general information about the project, such as
description, comments, location, units used, etc. A typical entity identified as a project could represent
a mine site.

The user can create multiple scenarios under a given project. For example, different locations (panels,
sections, etc.) within a project can be identified as scenarios. Scenario-level information should include
data used for input as well as outputs related to the particular scenario. In this particular case, a
scenario may include a CAD drawing file (*.DWG or *.DXF), the actual input data used, as well as data
generated by LaModel. For a different set of analysis parameters, it would be very easy for the user to
duplicate the current scenario and change the relevant parameter in the newly created scenario.

Data management was optimized for the particular application. Appropriate data indices were developed to

ensure fast and reliable system response. Grouping queries was developed to enable the quick retrieval of

data. LaModel output data, which served as input data, is also stored along with the parameters used to
process such data.
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Figure 1: Stand-alone Windows application with database back-end

3.4 Testing

3.4.1 Internal Testing

The new stability mapping application was continually tested during development by sharing different builds
with the research team, both at the University of Kentucky and West Virginia University. Over 140 internal
versions were generated during the course of this package development.

3.4.2 External Testing

The new stability mapping application was also shared with two consultants who routinely run LaModel
either for coal or for stone applications. In addition, it was shared with the MSHA Technical Support
personnel. Feedback received was incorporated into the application. At the time of writing this report, the IT
group of the MSHA technical support team had officially approved this package for installation on MSHA
computers.



4 Research Findings and Accomplishments

4.1 Assessing Pillar Stability in Underground Stone Mines: Impact of Geological Structures and
Stress Variations in the Appalachian Region

The research aimed to enhance stability assessments by examining the relationship between regional stress
variations and geological discontinuities, a relationship often inadequately addressed by existing tools like
the S-pillar software, particularly when multiple intersecting joint sets are involved. The methodology
involved acquiring pillar surface data from four case study mines using Light Detection and Ranging (LIDAR)
sensors, which generated point clouds, as shown in Figure 2.

Figure 2: Photographs and LIDAR scans of the same pillar.

This data was processed using Cloud Compare for visualization (Figure 3) and subsequently analyzed by the
Discontinuity Set Extractor (DSE) software to calculate normal vectors and identify distinct sets of
discontinuities within the rock mass.

Figure 3: Point cloud data visualization in Cloud Compare software
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Figure 4: DSE Software interface and joint distribution.

Stress distribution data was integrated from the World Stress Map (WSM) to understand the tectonic
behaviors of the Appalachian area. The geological setting is defined by the Alleghenian orogeny, which
generated folds, faults, and discontinuities, and the regional maximum horizontal stresses generally align
along the NE-SW direction. By comparing the global orientations of the extracted joint sets against nearby
WSM measurements, the research concluded that the strikes of the observed joint sets were typically found
to be at an angle less than 45° with respect to the major horizontal stresses, and their dip angles generally
ranged between 60° and vertical. The overall findings support the need to expand pillar stability analysis to
incorporate varying topographies, geometries, and detailed geological information, thereby enhancing mine
safety considerations.

4.2 Calibration of LaModel In-Seam Material Properties for Underground Stone Mine Benching

Operation by Employing Brittle Failure Criteria in FLAC3D
This work focuses on calibrating the LaModel software for multi-stage underground stone mines thatemploy
benching. The methodology employed FLAC3D numerical simulations utilizing an implemented S-shaped
brittle failure criterion routine to estimate pillar strength and failure mechanisms across different benching
stages and width-to-height ratios. Figure 5 presents the stages of benching from the initial development to
the final stage.

This criterion models rock mass cohesive and frictional strength components as a function of confinement
(minimum principal stress). Key findings from the FLAC3D analysis showed that both slender and square
pillar models resulted in a near-linear strength reduction, losing up to 35% of their initial development
strength, whereas squat pillars experienced an exponential strength reduction, losing about 55% of
development strength at the final stage. Furthermore, the study introduced a prototype metric, the confined
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surface index, to quantify strength reduction during benching, demonstrating that reduced confinement—
particularly evident in slender pillars after the first benching operation—leads to lower ultimate strength.

©2023 Itasca Consulting Group, Inc.
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Figure 5: Stages of multiple-pass benching operation in underground stone mines (modified after Esterhuizen et al., 2011)

Finally, the estimated pillar strengths and stress gradients from FLAC3D were used to calibrate LaModel in-
seam material properties by applying the empirical stone mine pillar strength equations (egn 1, 2, 3) as a
function of pillar element position where g represents the intact rock strength, which is similar to k in eqn
1 (e.g., 0.65 - UCS for the international system of units and 0.92 - UCS for the imperial measurement
system), x is the average location within the pillar, W is the width of the pillar, and h is the height of the pillar.
Pillar elements as a function of element width are shown in Figure 6 for square and rectangular pillars. As
the pillar width increases, the number of elements used to assess pillar stress increases too. In Figure 6, E,,
stands for element width.

0.3
Pillar Strength Equation Modified for Stone Mines = k - LDF - POED (1)
503
orip(x) = 1.84 - g TS (2)
1.23 - g, W23 w 13 Wh 23
O-corner=M' <x+7> —2.3'(36 +7>-<x—7) +1.3~<x—7> (3)
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Figure 6: Elements used in LaModel as a function of pillar width.

In order to capture similar trends with FLAC3D simulations, a layout is implemented to distribute grid
elements as the benching operations are performed as shown in Figure 7.
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Figure 7: Element distribution layouts in a pillar using LaModel

The following briefly describes a LaModel application that was created for a case study mine for one of the
benched areas. The mine extracts the Loyalhanna limestone with an average mining height of 28 ft. The
modeled area has an additional benching height of 25 ft (Figure 8 — red dashed area).

Figure 8 Modeled area
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The model was generated with 2.5 ft elements, and the in-seam material properties were calculated using
the equations derived by Escobar (2021) and the geotechnical properties suggested by Rashed et al. (2023)
(see Table 1). The generated grid and the safety factor results are shown in Figure 9 and Figure 10.

Table 1: Material properties calculated for development and benched stages

Yield Yield Yield
Element | Strength | Yield Strain Element | Strength .
) . Strain
(psi) (psi)
B 9011 0.00342 Development L 6184 0.00235 | Benched
C 8901 0.00338 Development M 6108 0.00232 | Benched
D 8356 0.00317 Development N 5735 0.00218 | Benched
E 8225 0.00312 Development (0] 5645 0.00214 | Benched
F 7554 0.00287 Development P 5184 0.00197 | Benched
G 7387 0.00281 Development Q 5069 0.00193 | Benched
H 6481 0.00246 Development R 4448 0.00169 | Benched
| 6232 0.00237 Development S 4277 0.00162 | Benched
J 4661 0.00177 Development T 3199 0.00122 | Benched
K 3836 0.00146 Development U 2633 0.00100 | Benched
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Figure 10: LaModel element safety factors for (a) development and (b) benched stages

In conclusion, the comparison between the calibrated LaModel and the FLAC3D simulations showed a
reasonable agreement, validating this approach and providing a framework to incorporate strength changes
during bench mining into robust design layouts for enhanced mine safety (Figure 11).

1.0 1.0
—— W/H =1.00 - 0.50 | FLAC3D —%¥— W/H = 1.50 - 0.75 | FLAC3D
0.9 —<«— W/H = 1.00 - 0.50 | LaModel —<— W/H = 1.50 - 0.75 | LaModel
—% =~ Esterhuizen et al. (2007) —% = Esterhuizen et al. (2007)

¢ Equation 1 € Equation 1

Strength/UCS
o
o
Strength/UCS
o
o

0.3 0.3
0.2 (a) 0.2 (b)
Initial First Second Third Final Initial First Second Third Final
Development Benching Benching Benching Stage Development Benching Benching Benching Stage

Figure 11: Comparison of LaModel in-seam material properties with FLAC3D models and Equation 1: (a) final width-to-height ratio
of 0.5, (b) final width-to-height ratio of 0.75

4.3 Comparison of Rectangular and Spalled Stone Pillars

A mathematical model of rock pillar failure in brittle rock reveals that thinner pillars gain less from increased
length than thicker pillars, due to their unconfined nature. The model demonstrates that the LBR is 0 when
the width-to-height ratio is 0.5, but increases to 1.0 as the ratio approaches 1.4, as shown in Table 2. The
method calculates the length benefit in terms of an equivalent pillar width increase used in the equation for
pillar strength. The calculation of the equivalent width follows Wagner’s formula (1992), presented in eqn 4,
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which incorporates parameters such as the pillar’'s actual width, plan area, circumference, and the LBR
value.

4A
We=w+<?—w)*LBR (4)

Where A is the area of the pillar, C is the circumference of the pillar, w is the width of the pillar, and LBR is
the length benefit ratio calculated according to Table 2. For square pillars, the equivalent width is simply the
actual width. A chart of LBRs for different ratios of width to height is available, illustrating that as the ratio
increases, the LBR approaches 1.0. This implies that rectangular pillars benefit proportionally more from
length when they are wider, as shown in Table 2.

Table 2: Length Benefit Ratio values calculated for corresponding width-to-height ratios

Width-to-height ratio Length benefit ratio (LBR)
0.5 0.00
0.6 0.06
0.7 0.22
0.8 0.50
0.9 0.76
1.0 0.89
1.1 0.96
1.2 0.98
1.3 0.99
1.4 1.00

A case study was developed to compare stresses between a rectangular pillar (as designed) and the pillar
that is actually in place as determined by LiDAR scans (Figure 12).

Figure 12: Selected pillar map design and LIDAR scan comparison
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Thus, two different sets of pillar width and length measurements were analyzed: one obtained from a mine
map layout and the other from a LIDAR scan. The pillar dimensions from the mine layout were recorded as
9.14 m (30 ft) and adjusted width as 9.28 m (30.44 ft) and 15.24 m (50 ft) in length. For the LIDAR scan
measurements, the width was measured as 6.61 m (21.69 ft), where the adjusted width is calculated as 6.75
m (22.14 ft). To determine the pillar strength, the large discontinuity factor (LDF) was required. The LDF is
calculated using eqn 5,

LDF = (1 — DDF) = FF (5)
where DDF (discontinuity dip factor) is derived from the width-to-height ratio, and FF (frequency factor) is
based on Table 3 and Table 4. The DDF was specifically calculated using LIDAR scan data analyzed with DSE
software, which identified the LDF for the mine as 0.77. And the LIDAR-scanned pillar had dimensions of
6.61 m (21.69 ft) in width and 13.45 m (44.15 ft) in length. To analyze the worst-case scenario with greater
accuracy in real-life applications, LDF is considered with a value of 0.77. LDF is a direct multiplier for pillar
strength, and it can be applied directly to pillar safety factors obtained from LaModel. Ates (2022)
demonstrated how LDF can be implemented into LaModel by locating the pillars that are intersected by large
discontinuities on a mine layout and reducing the load-bearing capacity of the pillar by LDF.

Table 3: Discontinuity Dip Factor Table (Esterhuizen et al., 2011)

Discontinuity Pillar width-to-height ratio
dip (deg) 0.5 | 0.6 0.7 0.8 0.9 1 1.1 1.2 >1.2
30 0.15 | 0.15| 0.15 0.15 0.16 0.16 0.16 0.16 0.16
40 0.23 | 0.26 | 0.27 0.27 0.25 0.24 0.23 0.23 0.22
50 0.61 | 0.65| 0.61 0.53 0.44 0.37 0.33 0.3 0.28
60 0.94 |0.86| 0.72 0.56 0.43 0.34 0.29 0.26 0.24
70 0.83 | 0.68 | 0.52 0.39 0.3 0.24 0.21 0.2 0.18
80 0.53 | 0.41| 0.31 0.25 0.2 0.18 0.17 0.16 0.16
90 0.31 | 0.25| 0.21 0.18 0.17 0.16 0.16 0.15 0.15

Table 4: Frequency Factor Table (Esterhuizen et al., 2011)

Average frequency of large Frequency
discontinuities per pillar Factor
0.0 0.00
0.1 0.10
0.2 0.18
0.3 0.26
0.5 0.39
1.0 0.63
2.0 0.86
3.0 0.95
>3.0 1.00
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Table 5: Pillar strength values for the mapped pillar and the LIDAR-scanned pillar without adjustment.

Development
w03
op = 0.65*00*LDF*W
Pillar Strength Value with Mine Map 56.21 MPa
Pillar Strength Value with LIDAR Scan 51.03 MPa

Table 6: Pillar strength values for adjusted widths for the mapped pillar and the LIDAR scanned pillar with adjustment.

Development

w03

0p = 0.65 x gy * LDF * 1059
Pillar Strength Value with Mine Map 56.47 MPa
Pillar Strength Value with LIDAR Scan 51.36 MPa

The pillar strength values shown in Table 5 and Table 6 present a comparison derived from mine maps and
LIDAR scans using the empirical strength formula. Table 5 shows the values without any width adjustment,
while Table 6 includes adjusted effective widths (w,) for the mapped pillars and LIDAR Scan pillars. In Table
5, the LIDAR scan results in lower pillar strength values than the mine map, with a difference of 5.18 MPa in
development pillars.

This suggests that the actual pillar geometries captured by LIDAR are more irregular or narrower than those
represented on the mine maps, leading to reduced strength estimates. As shown in Table 6 adjusting the
pillar widths using the LiDAR scans slightly decreases the strength values by 5.11 MPa for development
pillars. However, even after this adjustment, the LIDAR values remain lower, suggesting that LIDAR provides
a more realistic view of pillar dimensions. The pillar strength values in Table 6 were 56.47 MPa for the
mapped development pillar and 51.36 MPa for the LIDAR-scanned development pillar. The corresponding
width reduction was approximately 1.53 %, resulting in a 9.9% decrease in strength, indicating how even
modest changes in geometry and discontinuities can significantly affect pillar strength. Overall, the analysis
demonstrates that LIDAR scanningis a valuable tool for capturing true pillar geometries and estimating pillar
strength more accurately, while also emphasizing the importance of accounting for width adjustments and
zone-specific conditions, especially in benched areas.
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With a 27.7% overall width reduction from the mine-designed pillar width to the LIDAR-scanned pillar width,
a model is generated using LaModel (Figure 13). The element size was set to 1 ft. A pillar was generated
according to the mine layout, and another pillar was generated according to LIDAR scans, with five (5) less
elements in terms of width and nine (9) less elements in terms of length.

In summary, for pillars with a width-to-height (W/H) ratio of 0.5, the strength decreases significantly when a
60° discontinuity dip angle is present in the direction of the pillar’s inclination. This occurs regardless of
whether the pillar is vertical or inclined (Jessu, 2018). In our case, the W/H ratio is almost 1.3, and some
discontinuities have almost 70 dip angles. According to the LaModel results, the calculated pillar strength
is 59.68 MPa for the designed pillar and 58.03 MPa for the LIDAR-scanned pillar. This reflects a reduction of
approximately 2.75% in pillar strength due to the observed dimensional changes. Although the percentage
decrease may seem modest, Table 10 highlights the sensitivity of pillar strength to geometric variations,
especially in the presence of high-angle discontinuities. In critical areas of the mine where ground
conditions are less favorable, even small reductions in strength could impact long-term stability and safety.

According to the S-Pillar analysis, the estimated pillar strength is 56.47 MPa for the designed pillar and 51.36
MPa for the LIDAR-scanned pillar, indicating a 9.05% reduction in strength due to dimensional changes
observed in the scan. In contrast, LaModel results show a pillar strength of 59.68 MPa for the designed pillar
and 58.03 MPa for the LIDAR-scanned pillar, reflecting a smaller reduction of approximately 2.75%.

This discrepancy highlights how different modeling approaches respond to changes in geometry. S-Pillar,

being an empirical tool, may be more sensitive to width and height changes, particularly under assumptions
of uniform loading and simplified geometry. LaModel, on the other hand, incorporates stress distribution
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and load transfer across the seam, providing a more nuanced response to dimensional changes, especially
when confinement and boundary effects are present.

Overall, both tools indicate a loss in pillar strength due to narrowing, but the magnitude of the reduction
differs. This suggests that relying solely on empirical methods may overestimate the impact of dimensional
changes in certain geomechanical settings. Using a combination of empirical and numerical approaches
provides a more comprehensive understanding of pillar stability.

The research indicates that rectangular pillars increase pillar strength, as researched by numerous studies
(Wagner, 1992; Mark and Chase, 1997; Galvin et al., 1999; Dolinar and Esterhuizen, 2007). These pillars are
also less affected by geological structures when their longer axis is properly aligned, making them a more
stable option (Dolinar and Esterhuizen, 2007). However, there remains a research gap regarding the
performance of inclined rectangular pillars, highlighting an area for further investigation.

4.4 Adjustment of the Elastic Modulus for Benched Pillars

When one does the benching in a stone mine, or anywhere different seam heights are used in LaModel,
the elastic modulus needs to be adjusted to correlate with the different seam heights, to be mechanistically
accurate.

For example, let's assume that a limestone regular seam has a height of 7 m. When seam materials for a
benched model that was 18 m high are created, these elements have a much smaller w/h ratio, so they are
weaker, as determined in the material section. However, they are also 18 m high rather than the 7 m that
LaModel is using for the seam height. So, when the 7 m seam converges 1 m, the strain is 1/7 forthe 7 m
elements but only 1/18 for the taller elements. Unless the modulus is adjusted for the 18 m high elements,
LaModel will use a strain of 1/7 on them to calculate the stress and get an unrealistically high stress. To get
the correct stress, the modulus on the benched elements needs to be lowered by a factor of the relative
seam heights, i.e., 7/18, so that the strain on the thicker elements is not 1/7, but now 1/18. This reduction
should be standard practice for a benched seam.

This has been implemented in the new package and is also shown below.

4.5 Using LaModel for Analyzing Stress Distribution in Benched Areas for Possible Massive

Stone Pillar Collapse
The objective was to investigate the application and calibration of LaModel, a boundary element software
typically used for coal mining, to accurately assess the stability of these benched limestone pillars. A
number of case studies were analyzed as discussed below.

4.5.1 Case Study1

The first case study concerns a limestone mine in Pennsylvania that experienced a pillar collapse in 2015.
The details of the mine site and the rock properties have been obtained from the study published by
Esterhuizen et al. (2019). The study highlights the catastrophic collapse of 37 slender pillars within the
limestone mine, which tragically resulted in fatalities. The study focuses on the role of through-going
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discontinuities in compromising pillar stability. A detailed mine map provided by Esterhuizen et al. (2019)
(Figure 14) was digitized and converted into an AutoCAD file for further analysis (Figure 15).

The geological context is the Loyalhanna limestone, characterized by structural features such as a thrust
fault (N25°E, 15° SE dipping angle) and significant joint sets, including one with a N60°W strike, in an area
where 35 pillars had already collapsed.
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Figure 14: Map of the case study mine (Esterhuizen et al., 2019)
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Figure 15: Digitized Mine map in AutoCAD and generated LamPre grid
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In AutoCAD, both the Seam Grid and Topography Grid were generated to facilitate accurate modeling and
analysis. These grids serve as the foundation for entering geometric and topographical details into LaModel
via the LamPre preprocessor. The key parameters implemented in LamPre include the following:

o Number of in-seam materials: 18 (9 codes for development, 9 codes for benched pillars)

o Number of steps: 2 (development and benched)
e Units: LamPre was configured to use MPa and meters.

The seam grid was created with an element width of 2 meters to enhance accuracy. Symmetric
boundary conditions were applied to all seam edges. The mine dimensions were setto 600 m x 600
m, resulting in a total of 300 elements along both the x and y directions. The origin points for the x
and y axes were set at (0, 0). Key geometric and mechanical parameters include:

e Overburden height: Topography grid is used to determine overburden stresses (Figure 16)

Seam thickness: 7 m for development and 18 m for benched pillars

e Poisson’sratio: 0.2

e Overburden elastic modulus: 20.7 GPa (this is the default value used in LaMPre)
¢ In Seam elastic modulus: 46 GPa

e Elementwidth:2m

e RockUCS: 181.9 MPa

e Lamination thickness: the default value of 15.25 meters is used (50 ft)

e Vertical stress gradient: 0.025448 MPa/m (default value of 1.125 psi/ft)
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Figure 16: Topography grid for overburden stress

Each seam was divided into nine elements per set, leading to a total of 18 elements for all material
configurations. The seam grid data, along with the topography file, were input into LamPre to simulate
realistic stress and deformation conditions. To ensure precise analysis of stress distribution and pillar
behavior, each individual pillar was subdivided into five elements. This segmentation provides a detailed
understanding of how stresses are distributed within and around the pillars, enabling a more accurate
assessment of stability and failure mechanisms. The 2-meter element width was critical in achieving this
level of detail, particularly for modeling slender and benched pillars. The integration of these parameters
into LamPre allows for comprehensive modeling, adhering closely to the conditions described in the case
study. The outputs from LaModel will provide critical insights into stress redistribution and potential failure
zones within the mine.
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Figure 17: LamPre Grid for development and benche

An Excel spreadsheet was developed to calculate specific parameters for individual elements within the
pillars using Eq.1 and Eq.2 (Escobar, 2021). This spreadsheet served as a tool to validate the input data and
ensure consistency in the modeling process. The material properties were converted into MPa to align with
the units used in LamPre and were subsequently entered into the software.

1.23 g, 4 23 W/ W 13 w23
e = (s )|+ 7) —23(x+ 7)(e-7) +13(-3) Q)
x0.3
0,(x) = 184 0y 3555 @)

The case study was evaluated using the S-Pillar tool, which calculates the average stress on the pillars and
the pillar strength. This analysis was validated by performing elemental stress calculations in the Excel
spreadsheet. While the results from S-Pillar and the calculations in the Excel spreadsheet were largely
consistent, minor differences were observed. These differences are likely due to rounding or differences in
how stresses are averaged or distributed within the software versus manual calculations. By utilizing the
Excel spreadsheet for parameter verification and using LamPre for advanced modeling, the workflow
ensured both accuracy and reliability in simulating the stress conditions within the mine pillars. Table 7
provides the calculated peak strength and peak values for the development material properties while Table
8 provides the calculated peak strength and peak values for the benched material properties. The data in
both tables were calculated via the Excel spreadsheet. Figure 18 and Figure 19 present the same information
as calculated in StabMap.
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Table 7: Calculated peak strength and strain values for development pillars for each element

Element Code

Peak Strength (psi)

Peak Strength (MPa)

Peak Strain (%)

B Rib 17987.4 124.0 0.270%
C Corner 17705.8 122.1 0.265%
D Rib 16260.3 112.1 0.244%
E Corner 15900.6 109.6 0.238%
F Rib 13950.0 96.2 0.209%
G Corner 13414.5 92.5 0.201%
H Rib 10033.2 69.2 0.150%
| Corner 8257.2 56.9 0.124%

Table 8: Calculated peak strength and strain values for benched pillars for each element

Element Code

Peak Strength (psi)

Peak Strength (MPa)

Peak Strain (%)

K Rib 10303 71.04 0.154%
L Corner | 10141.7 69.92 0.152%
M Rib 9314.2 64.2 0.140%
N Corner | 9108.2 62.8 0.137%
0] Rib 7990.8 39.6 0.086%
P Corner | 7684.1 53.0 0.115%
Q Rib 5747.2 39.6 0.086%
R Corner | 4729.9 32.6 0.071%
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Figure 18: Calculated peak strength and strain values for development pillars for each element (StabMap)
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Figure 20: S-Pillar results for case study mine 1

The AutoCAD grid created earlier was imported into LamPre to serve as the base grid for further modeling.
After importing, the benched areas were manually modified within LamPre to accurately reflect the
dimensions and structural changes specific to these regions. This step was crucial for ensuring that the
model aligned closely with the actual mine layout and conditions. Partially benched pillars were assumed
to have a linear strength reduction following the FLAC3D results presented in the previous report. Once the
modifications were completed, the overall stress distribution was recalculated by running simulations in
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LaModel. The results were then visualized using LamPlt.
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Figure 21: Total vertical stress distribution in LamPLT
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Figure 22: Element strain safety factors visualized in LamPLT
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Figure 23: Pillar stress safety factors visualized in LamPLT

Compared to the S-Pillar results, in LaModel, a 10m by 10m pillar in the collapsed area had a safety factor
of 7.89 during the development stage, which dropped down to 4.27 during the benching stage (Table 9). The
results were in agreement for the development stage, but LaModel showed lower safety factors for the
benched pillars, mainly due to load transfer from the surrounding benched pillars.

Table 9: S-Pillar and LaModel safety factor comparison

S-Pillar Safety Factor LaModel Safety Factor
Development 7.77 7.89
Benched 4.75 4.27

As reported by Esterhuizen et al. (2019), there were large discontinuities observed in the mine. The reported
spacing of the discontinuities was between 2 and 5 m, with dip angles ranging between 50° and 80°. These
discontinuities can be accounted for using the large discontinuity factor (LDF) approach (Esterhuizen et al.,
2011). When incorporating an LDF based on a worst-case scenario (2 m spacing, 60° dip), the result was a
significant reduction of the safety factor of benched pillars to 1.07 (LaModel) or 1.17 (S-Pillar), pushing them
below the critical stability threshold of 1.5 (Table 10). For that scenario, the LDF was 0.79 for development
pillars and the LDF was 0.25 for the benched pillars. Furthermore, simulations of a single pillar collapse in
the benched zone revealed an average safety factor reduction of approximately 9% in adjacent pillars,
indicating a potential for cascading failures.

Table 10: S-Pillar and LaModel safety factor comparison including LDF

S-Pillar Safety Factor LaModel Safety Factor
Development 6.15 6.23
Benched 1.17 1.07
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In LaModel, the stiffness of the overburden is governed by the rock mass modulus and the rock mass
lamination thickness. The rock mass will behave stiffer as these parameters increase. The rock mass
modulus is usually assumed to be a standard value and kept constant, while the lamination thickness is
calibrated to match the abutment extent observations or historical data. However, in stone mines, since
there are no retreat operations, this type of calibration cannot be performed. This does not necessarily mean
the lamination thickness can be ignored, and through a parametric study, we investigated its effect on stress
distribution in the case study mine.

Accurate stress distribution is critical in practical mining applications and in LaModel, it is governed by the
overburden stiffness. In this research, the case study mine model was simulated with different lamination
thicknesses, and pillar safety factors were examined. Slight differences in safety factors can be seen for
different lamination thickness values (Figure 24). It was observed that lower lamination thickness resulted
in lower safety factors since a less stiff overburden allowed more convergence and more load to be applied
on the pillars.
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Figure 24: Safety factors obtained with different lamination thicknesses

Two scenarios were then developed in order to replicate certain behavior. The first scenario modeled the
simulated collapse of a single pillar located in the benched zone, aimed at assessing whether such a
localized failure could trigger instability in adjacent pillars or if the surrounding structure could effectively
absorb the redistributed load (Figure 25). In the LaModel simulation, this scenario was modeled by allowing
all elements within the selected pillar to fail, thereby simulating a total load transfer rather than a partial
failure. This approach enabled an evaluation of stress redistribution in the immediate vicinity of a single
collapsed pillar.

The results shown in Figure 26 reveal that the failure of the single, benched pillar resulted in an average
safety factor reduction of approximately 9% in the neighboring pillars. These findings suggest that even a
single pillar failure—when located in structurally compromised zones such as benched areas—can
contribute to cascading failures, especially in regions with large structural discontinuities.
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Figure 25: Pillar selected for collapse scenario
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Figure 26: Pillar’s SF values before and after simulated collapse

For the second scenario, it was assumed that the benched pillars had reduced widths due to spalling.
Referring back to the S-Pillar strength equation, it can be seen that the pillar strength will be reduced by the
width reduction to the power of 0.3. The parametric study includes a 10% and 20% reduction in pillar widths,
resulting in a 3.1% and 6.48% reduction in pillar strengths, respectively. For a practical implementation of
this reduction, the UCS values were adjusted (reduced by 3.1% and 6.48%) and new peak stress and strain
values were calculated for the elements.

Assuming LDF = 0.25, the pillars with less than 7.2 safety factor (1.8 if considering LDF) are shown in Figure
27 as expected, some additional pillars fell below the critical safety factor levels, but no stress magnification
was observed. The reduction in safety factors was not significantly different from the calculated strength
reductions (3.1% and 6.48%).
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Figure 27: Safety factors obtained with different spalling levels

4.5.2 Case Study 2
The second case study mine is a limestone mine in East Palestine, Ohio, that the project team visited in
February and November of 2024. The mine map (Figure 28) and the rock properties have been shared with
the project team by the mine. The mine operates in the Vanport limestone seam with a thickness ranging
from 16 to 22 feet. Only development mining is used, and the pillars around the study area have a height of
around 11 ft. The average overburden depth in the study area is around 200 ft.
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Figure 28: Map of the study area for case study 2

The square pillars were 30 ft by 30 ft, and the rectangular pillars were 30 ft by 50 ft, rib-to-rib. The rooms were
developed 40 ft wide around the study area. The UCS of the limestone was reported as 17405 psi (120 MPa)
and the elastic modulus was 725,189 psi (5 GPa), according to the lab results shared with the team. For the
LaModelgrid, 2.5 ft elements were used and 13 different materials were generated for one elastic, six corner,
and six rib elements. Using these parameters and Eq.1 and Eq.2, the pillar element properties were
calculated and are presented in Table 11.
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Table 11: Calculated peak strength and strain values for development pillars in case study 2

Element Code Peak Strength (psi) Peak Strain (%)
B Rib 15715.8 2.1671%
C Corner 15558.5 2.1454%
D Rib 14797.6 2.0405%
E Corner 14617.4 2.0157%
F Rib 13723.0 1.8923%
G Corner 13508.2 1.8627%
H Rib 12405.4 1.7106%
| Corner 12131.0 1.6728%
J Rib 10642.8 1.4676%
K Corner 10234.2 1.4113%
L Rib 7654.5 1.0555%
M Corner 6299.6 0.8687%

Figure 29 presents the same information as calculated in StabMap.
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Figure 29: Calculated peak strength and strain values for development pillars in Mine 2 (StabMap)
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The results obtained from the LaModel simulation are presented in Figure 30. The lowest safety factor was
observed for the small square pillars. The safety factor values for those pillars ranged between 8.9 and 9.2.
The same pillar geometries were analyzed using S-Pillar, and the safety factor was calculated as 8.92 (Figure
31).
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Figure 30: Simulated overburden stress and pillar stress safety factors for case study 2
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Figure 31: S-Pillar results for case study mine 2

The pillars in Mine 2 were also scanned using handheld LIDAR scanners during both visits, and the point
cloud data was analyzed for change detection between the two visits. It was observed that there has been
spalling on the pillar ribs, and it was also seen in the point cloud comparison (Figure 32). Even though the
pillar safety factors were high enough for stable conditions, the main contributing factor for the spalling was
observed as the shale bands running horizontally in the middle of the pillars. The mine has started pushing
clay toward the ribs of the pillars, covering the shale band, to contain the spalling and degradation of the
shale bands.
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Figure 32: Change detection from two LIDAR scans 9-months apart

4.6 Development of the StabMap Windows Application

The purpose of StabMap is to provide an efficient pre- and post-processor for LaModel that is independent
of the AutoCAD package, which allows mine operators to assess both coal and stone mine pillar stability to
identify potential hazard zones in the mine. It is designed to be a significant improvement over the current
LamPre and LamPlt platforms. In addition to the workflow improvements to existing features, StabMap
contains several nhovel components.

e StabMap is database-driven, meaning all files are saved inside the program. This greatly eases file
management and streamlines workflow.

e |t combines the functionality of LamPre and the Stability Mapper AutoCAD plugin into a single
platform.

o [textends the 2000 x 2000 grid dimension limitin LamPre.

e |t allows more than four steps and four seams to be analyzed simultaneously — LaModel supports
that, but LamPre did not.

e Grids can be easily moved between steps and/or saved for future use.

e Operators may now employ the laminated overburden model in LaModel for stone mine analysis.

e StabMapincorporates the elasto-plastic analysis conducted by Escobar (2021) to generate material
properties for both developed and benched stone pillars.

e StabMap includes a self-updating mechanism. When an update becomes available, it will ask the
user whether they would like to download and install. All user files are backed up during installation.

e StabMap is installed using an installer package that prompts the user for information regarding the
installation process. More information is provided in Appendix B.

Appendix C includes the help manual for the program. Each feature is described in detail.
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In addition, four videos were generated and are included as part of the distribution package, which can be
downloaded from https://www.minegroundcontrol.com/lamodel/
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5 Publication Records and Dissemination Efforts
5.1 Published Papers

O

Elibol, A., D. Tuncay, and Z. Agioutantis, Assessing Pillar Stability in Underground Stone Mines:
Impact of Geological Structures and Stress Variations in the Appalachian Region, (2024),
Proceedings 58th US Rock Mechanics / Geomechanics Symposium (ARMA), 23-26 June 2024,
Golden, CO, paper 24- 0578

Suner, M.C., A. Elibol, R. Jimenez, D. Tuncay, and Z. Agioutantis, (2024), Calibration of LaModel In-
Seam Material Properties for Underground Stone Mine Benching Operation by Employing Brittle
Failure Criteriain FLAC3D, Proceedings, 43rd International Conference on Ground Controlin Mining,
July 22-25, Canonsburg, PA.

Elibol, A., D. Tuncay, Z. Agioutantis, (2025) Using LaModel for Analyzing Stress Distribution in
Benched Areas for Possible Massive Stone Pillar Collapse, Proceedings, Ground Control in Mining
Industry Seminar, July 25, Beaver, WV.

Elibol, A., “Enhancing Pillar Stability Assessment in Underground Limestone Mines Using LaModel:
Integrating Empirical Strength Equations for Improved Ground Control”, (2025), MS Thesis, West
Virginia University.

5.2 Planned Papers

Tuncay D., Z. Agioutantis and B. Diddle, (2026), Application of LaModel for Pillar Stress Analysis in a
Moderate-Cover Underground Limestone Mine, 45" Conference on Ground Control

5.3 Past Presentations

O

Elibol, A., D. Tuncay, and Z. Agioutantis, (2024), Assessing Pillar Stability in Underground Stone
Mines: Impact of Geological Structures and Stress Variations in the Appalachian Region,
Proceedings, 58th US Rock Mechanics / Geomechanics Symposium (ARMA), June 23-26, Golden,
CO, paper 24-0578.

Suner, M., A. Elibol, R. Jiminez, D. Tuncay, and Z. Agioutantis, (2024), Calibration of LaModel In-Seam
Material Properties for Underground Stone Mine Benching Operation by Employing Brittle Failure
Criteria in FLAC3D, Proceedings, 43rd International Conference on Ground Control in Mining, July
22-25, Canonsburg, PA.

Elibol, A., M. Suner, D. Tuncay, and Z. Agioutantis, (2025), Back-analysis of a Limestone Mine Pillar
Collapse Using LaModel - A Case Study, SME Annual Conference, February 25, Denver, CO.

Elibol, A., D. Tuncay, and Z. Agioutantis, (2025), Using LaModel for Analyzing Stress Distribution in
Benched Areas for Possible Massive Stone Pillar Collapse, Proceedings, Ground Control in Mining
Industry Seminar, July 25, Beaver, WV.

5.4 Upcoming Presentations

O

Agioutantis, Z., (2025), Stability Mapping Platform for Stone Pillar Analysis, Kentucky Underground
Stone Safety Seminar, December 10, Louisville, KY (oral presentation).
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o Diddle, B.andZ. Agioutantis, (2026), Using the Updated Stability Mapper Program to Improve Ground
Conditions, SME Annual Conference, February 24, Denver, CO (abstract and oral presentation).
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6 Conclusions and Impact Assessment

The main objectives of this project were (a) to determine the validity of utilizing the LaModel program, which
works on a plan view of an actual pillar system, as a stone mine design tool instead of the simple approach
offered by the S-Pillar program and (b) to develop a front end to LaModel that would incorporate the above
methodology so that the stone mine scenarios could be easily prepared and fed into the LaModel program.
It should be noted that, in recent years, utilizing LaModel for evaluating pillar ability in underground stone
mines has also been addressed by different researchers, as LaModel is much simpler than complicated 3D
modeling packages such as FLAC3D.

With respect to the first objective mentioned above, this work built on the thesis by Escobar (2021), which
outlines a way to calculate progressively weaker elastoplastic parameters for different zone layers in a pillar.
This work also demonstrated that, with LIDAR scanning technology, pillar dimensions can be precisely
mapped and used for LaModel seam gridding. This technology is especially useful for areas not easily
accessible, where autonomous vehicles (drones, rovers, etc.) equipped with various sensors can be
utilized.

Further to that, models in FLAC3D were developed and compared to LaModel output as well as S-Pillar
reports. The comparative analysis concluded that LaModel can actually be used to model development as
well as benched areas in an underground stone mine.

This research also highlighted that lower lamination thickness values in LaModel led to reduced safety
factors due to less stiff overburden and increased convergence. The overall study confirmed the feasibility
of using LaModel for stability evaluation in limestone mines when properly calibrated with empirical stone
pillar strength equations, providing a framework for analyzing stress changes during bench mining and
enhancing safety. While S-Pillar remains a very useful tool for estimating pillar strength under tributary area
conditions, LaModel can be successfully utilized to model irregular pillar geometries and variable
overburden depth. Therefore, LaModel can be used instead of or in combination with S-Pillar to access the
stability of underground stone mines.

With respect to the second objective mentioned above, a brand new database-driven software platform was
developed, which can be used to create the necessary material models for development and benched
pillars.

The new platform complements the LamPRE functions for coal pillars by allowing stone seams to be defined
with multiple extraction heights. Currently, the program only supports one development and one benched
level. This will be expanded in the near future to two and three bench level operations.

In addition to that, the new platform allows for CAD files to be imported and processed so that a mine plan
can be broken down into square elements for input into the model program. This feature actually provides
an alternative to the existing stability mapper plug-in for AutoCAD, which is version-dependent and needs to
be updated every couple of years.
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To provide a complete working environment, the coal pillar zoning was also implemented into this new
stability platform. The user can select either coal or stone mine analysis when creating a new scenario and
the program will provide the relevant interface for material generation.

With respect to its impact on the coal and stone mining industry, it is envisioned that most consultants and
mine operators who routinely evaluate stone and/or coal pillar stability will eventually embrace the new
platform. The MSHA Technical Support Branch has already approved the program for installation on their
computers. The program is provided as a free tool and can be downloaded from this URL:
https://www.minegroundcontrol.com/lamodel/

Although the platform has been fully tested through internal and external testing, it is projected that
additional releases will be made available to the public when issues are submitted to the developer team.
The auto update mechanism built into the installer will allow a seamless update of existing installations
without any loss of data.
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7 Recommendations for Future Work

The conclusions of this work lead to several recommendations for future work. One avenue is the
enhancement of the methodology with regard to multi-seam mining operations in LaModel Software. Having
knowledge of pillar performance through different levels of mining and within various geological layers would
be extremely useful and help enhance empirical and numerical design methodologies.

Another important area for future investigation is the refinement of the lamination thickness input within
LaModel when applied to stone mining conditions. While LaModel was originally developed for coal mining
and uses lamination thickness as a key input to simulate overburden stiffness, the default assumptions and
equations were tailored to coal seam behavior. In this research, a fixed lamination thickness value was used
to reflect average geological layering; however, no standardized method currently exists to calibrate
lamination thickness specifically for limestone formations. Therefore, future studies can focus on
developing limestone-specific empirical relationships or calibration protocols for lamination thickness
input. Anew implication would be to adapt or derive an equation for lamination thickness estimation tailored
for underground limestone mining, improving model accuracy and risk prediction.
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9 Appendix A: Stone Mine Literature Review

In this task, field data collected by VT and WVU teams were processed to extract the datasets of parameters
that were used to generate parameter grids in the statistical analysis and the development of the design
guidelines. There are five companies that openly supported the autonomous UAV and robotic system
inspections proposal by WVU and VT by providing mine access: Argos USA, Carmeuse Americas, Lhoist
North America, Vulcan Materials, and Nyrstar. During the mine visits, the following data was collected for
use in this project:

3D point cloud data from LIDAR and/or photogrammetry scans: There were two different point cloud data
sets available for the autonomous robotic scans. The first set was lower resolution LIDAR data collected by
a Unmanned Aerial Vehicle (UAV) using autonomous navigation (Figure 33 - Left). This lower resolution data
was used to compute the dimensions of the surveyed rooms and pillars (Figure 33 - Middle), roof spans, and
bolting patterns (Figure 33 - Right).

Figure 33: Low resolution LIDAR data.

The second set of point cloud data was a high-resolution data set as shown in Figure 34 and Figure 35. This
data was used to evaluate the rock mass by extracting the discontinuity sets on the roof and pillar. The
following information was gathered from the field surveys: orientation, spacing, persistence, roughness,
aperture or filling (if applicable) of the discontinuities, and number of discontinuity sets. During the field
visits, if water flow or free moisture was visible, this information was noted separately. In this study, since
the full three-dimensional view of the rooms and pillars was available, 2D and/or 3D (number of fractures in
an area or volume) discontinuity measures were used to characterize the rock mass of the formation. In
addition to the underground surveys, high-resolution point cloud data of the outcrops was available from
the UAV surveys.
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Figure 34: High resolution point cloud data of a pillar (after Bishop, 2022).

Figure 35: High resolution point cloud data of a pillar wall (after Bendezu, 2021).

Intact rock mechanical properties: From each mine, in addition to the point-cloud data, rock samples were
collected and tested to characterize the intact rock properties. Therefore, the mechanical properties of the
intact rock portion of the rock mass were identified for each mine.

Roof profile, pillar and room condition: From low resolution 3D maps, the research team qualitatively rated
the conditions of the pillars, rooms, and entry roof. For pillar condition assessment, the rating system
proposed by Esterhuizen et al. (2011) for stress and geological setting was used (Figure 36). Roof profile was
rated as proposed by lannacchione et al. (2007): smooth, intermediate, or rough. Any significant rock debris
on the floor was easily visible from the low-resolution 3D maps and was rated as proposed by lannacchione
etal. (2007): none, slight, moderate, or significant.
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Operational and design parameters: Mine pillar layout (CAD file), seam elevation, topographic elevation
(CAD file), and other operational parameters were available from each mine.

Support practices and thickness of the roof beam: MSHA Handbook Number PH20-V-2, Roof Control Plan
and Ground Support Review Procedures, states that inspection personnel may use the guidelines and
procedures in the PH20-V-2 handbook to evaluate the suitability of ground support materials and rock burst
controlplan, butunless amineis burst-prone, there are no federal regulations stating that M/NM mines have
to submit a ground support plan (MSHA, 2020). Pillar and roof span dimensions and roof bolt application in
the M/NM mines are largely based on experience, developed through trial and error. Therefore, during the
field visits, mine personnel were interviewed for the application of the roof bolts. From the low resolution 3D
maps (Figure 33 - Right), where roof bolts were applied within the mine were easily seen. The research team
noted the reason for roof bolt application (i.e., weak immediate roof, discontinuity, or low roof beam
thickness) and thickness of the roof beam. Core hole data can also give this information, however, in these
mines core holes were generally widely spaced and it was difficult to observe any changes in roof beam
thickness between working faces.

Horizontal stress related data: Regional horizontal stress directions was estimated from the publication of
Mark and Gadde (2008). Direction of the horizontal stress was also be verified, if applicable, from the stress
mapping. High resolution 3D maps allowed the mapping of the horizontal stress related damages (i.e., roof
cutters) from the point cloud data. Direction of the horizontal stress with respect to mine plan was gathered
from the survey data.
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Figure 36: Pillar stress and geological ratings (after Esterhuizen et al. 2011).

Escobar and Tulu (2021) derived the gradient stress equation for stone mine pillars and the function of pillar
width-to-height ratio from the empirically-based S-Pillar strength equation to extend the application of the
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S-Pillar stone pillar strength equation to Boundary Element Method (BEM), LaModel. The integration of the
empirical stone pillar strength equation in LaModel allows the empirical pillar stability analysis to be
extended over complex mine geometries and variable topography. Escobar (2021) used approaches
proposed by Mark et al. (1992) and Johnson et al. (2014) to derive stress gradient equations for rib and corner
elements. Initially, Johnson et al. (2014) used four general assumptions to obtain the gradient stress
equations that make this methodology valid for deriving gradient stress equations from empirical strength
formulas: (i) The derivation of gradient stress equations is performed on square pillars. (ii) When the overall
pillar strength reaches its maximum, all the "portions" of the pillar are at maximum strength. (iii) The variation
of stress is a function of the distance to the nearest rib and is not dependent on the width of the pillar (Mark
et al., 1992). (iv) The square pillar is divided into 8 symmetric pieces to simplify the calculations that relate
the stress function to the failure force, which is a function of its width. Figure 37 shows their approach.

X y=x Variables are defined are follows:
Pillar half-width = W (Figure 4)
Pillar width =w = 2W
Wy Pillar height = h
F(W)=8w? [ g/ g ovix) dxdy = Total vertical force applied to pillar = F
‘ Pillar load capacity = R
w gw? | é I(y) dy Strength coefficient = g
| dx Average pillar strength = op
oy RIS W Where I(y)= /‘é ov(x) dx Horizontal location within pillar = x
Local strength = g,(x)
0 - x Pillar rib at x =0
0 . . -
I.._w—pl Pillar centerline atx = W

Figure 37: Pillar stress and geological ratings (after Johnson et al., 2014).

It was proposed to expand the application of the Johnson et al. method to derive the stress gradient
equations of the semi-benched pillars (Figure 38). The last assumption of the work by Johnson et al. was be
replaced with “the square pillar which will be divided into 8 pieces (not necessarily symmetric depending on
benching stage) and failure force will be applied as a function of its width and height.” Therefore, the
following general equation was used in the calculations where vertices of each triangular piece were used
to linearly interpolate vertical height (z) within the pillar:

h h
BOD =38, [0 1 f ov(x) dxdydz (Eq. 1)
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Figure 38: Benching stages and pillar strength (after Esterhuizen et al., 2011).

Since the response of the overburden strata in LaModel is the function of the seam convergence, and seam
elements are one-dimensional spring elements, Escobar (2021) simulated the benched pillars with a
reduced stiffness to simulate the stress distribution between the benched and development pillars
realistically, such that benched pillars in the lower areas of the mine have higher stresses with reduced
stiffness. This application also increased the stresses on the parameter pillars as observed in the field
(Figure 39). As shown in Figure 3a, some of the recent pillar failures occurred when benching was in progress
nearby the collapsed area. Therefore, accurate calculation of the stresses in stone mines is critical.
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Figure 39: Total vertical stress with reduced stiffness in benched pillars (after, Escobar, 2021).

In this approach, it was proposed to use the stress mapping approach use by Heasley (1998) for calibrating
the model inputs in multiple seam coal mining operations. Heasley maps the stress damage on the ribs and
overlays the vertical stress grid on the rib condition rating grid to evaluate total stress distribution on the
pillar system and if necessary, calibrate the lamination thickness parameter. For the stone mining
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operations, a similar approach was proposed. In stone mines however, pillar or rib conditions are greatly
influenced by the discontinuities. Since the field data used in this project allowed the project team to
characterize the geological structures on each surveyed pillar, it was determined whether the damage on
the pillar is attributed to stress or geology. Then a similar comparison and calibration was performed as
proposed by Heasley (1998).

Laboratory test and discontinuity data were used to compute the rock mass rating of the formation. Suner
(2021) demonstrated that stone mine rock masses, within the range of the S-Pillar database, can be
represented as blocky (Figure 40). In Figure 40, the yellow area represents the range of GSI values of the
stone mines in the S-Pillar database. For each case study mine, rock mass rating values were computed for
each surveyed pillar. GSI rating of each pillar was used as an interpolation point and used to generate the
GSI grid file. This approach was already included in the Integrated Stability Mapping software (Nandula et
al., 2018) for Coal Mine Roof Rating (Figure 41). Similar to CMRR, a GSI grid was developed in this project.
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Figure 40: S-Pillar Database GSI Representation.

In addition to the GSI grid, large discontinuity sets that would affect the pillar and roof stability were gridded
to a discontinuity factor grid. Ates (2022) demonstrated the application of this approach to pillar stability by
finding the intersection of the large discontinuity set with pillars on a mine layout and reducing the load-
bearing capacity of the pillar with a discontinuity factor (Figure 42). In this project, we applied the same
approach for the entry and intersection roof spans.
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The stress and safety factor analyses were performed using the mine plan, topography map, and operational
parameters collected from the mine. LaModel and methods published by Escobar (2021) and Ates (2022),
and the new methods that were developed were used during the analysis. A horizontal stress grid was
developed by generating a pseudo-depth grid as demonstrated by Nandula et al., (2018) and using the
equations proposed by Mark and Gadde (2008).
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Figure 41: CMRR application with stability mapping software.

~

Figure 42: Application of the local large discontinuity factor.
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Like the Analysis of Mine Roof Support (AMRS) approach (Mark et al., 2020), primary roof support rating
(PSUP) for the bolted sections was computed. This rating was converted to the grid file using an approach
like Ates (2022) applied for the pillars. In his approach, Ates assigned a discontinuity factor to the pillars by
using the step function method of the stability mapping software. A similar approach was used to assign a
PSUP rating to the bolted entry and intersection spans.

In addition, entry and intersection roof parameters (dimensions, GSI rating, roof beam thickness), stress
parameters (overburden stress grid, horizontal stress grid, pillar safety factor grid), rock mass strength
parameters (GSI grid), roof support parameters (PSUP grid), and large discontinuity distribution grid were
overlaid on the mine layout and compared with the roof, rib, and pillar condition ratings. For each case study
mine, the mine layout was divided into sub-sections (Figure 43). Relationships between the dependent
parameters (condition ratings) and independent parameters were derived using the logistic regression
analysis by finding the separation between different condition ratings to derive the hazard index.

Figure 43: Mine layout is divided in sub-sections.
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10 Appendix B: Stabmap Installation

The following screenshots display the installation process.

Stability Mapping Tool Setup —

Welcome to the Stability Mapping
Tool Setup Wizard

This wizard will guide you through the installation of Stability
Mapping Toal,

Itis recammended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.

Click Mext to continue,

Figure 44: StabMap Setup Wizard
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Stability Mapping Tool Setup
License Agreement

Please review the license terms before installing Stability Mapping Toal, @

A=

Press Page Down to see the rest of the agreement.

|h'his software is provided "AS IS' without warranty of any

kind induding express or implied warranties of merchantability or fitness for

a particular purpose. By acceptance and use of this software, which is conveyed
to the user without consideration, the user expressly waives any and

all daims for damage andjor suits for personal injury or property damage
resulting from any direct, indirect, inddental, spedal or consequential

damages, or damages for loss of profits, revenue, data or property use,
[incurred by the user ar any third party, whether in an action in contract

or tort, arising from access to, or use of, this software in whaole or in part,

If you accept the terms of the agreement, didk I Agree to continue. You must accept the
agreement to install Stability Mapping Toal,

Sktabmap Installer

<ouc Carcl

Figure 45: License Agreement

Stability Mapping Tool Setup — ot
Choose Components

Choose which features of Stability Mapping Tool you want to install. g

=

Ched: the companents you want to install and unchedk the components you don't want to
install. Clidk Mext to continue.

Select components to install Description
. Position wour mouse
StabMap Files

over a component ko

Resources Section see jts descripkion,

Examples Section

Space reguired: 83.2MB

Stabmap Installer

Figure 46: Component Selection
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Stability Mapping Tool Setup - X

Choose Install Location
Choose the folder in which to install Stability Mapping Tool. %

Setup will install Stability Mapping Tool in the following folder. To install in a different folder,
dick Browse and select another folder. Clids Mext to continue.

Destination Folder

C:\WUsers'\Ben Diddle\Documents(1) Graduate School\Summer_2 Browse. ..

Space reguired: 212,9MB
Space available: 331.6GE

Sktabmap Installer

< Back Mext = Cancel

Figure 47: Install Location Determination

Stability Mapping Tool Setup - X

Select Install Options 1 @

[ Install for Current User OMLY
[ create a Shortout on the Desktop

Stabmap Installer

Figure 48: Selecting Install Options
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Stability Mapping Tool Setup —

Completing the Stability Mapping
Tool Setup Wizard

Stability Mapping Tool has been installed on your computer,

Click Finish to dose this wizard.

B run Stability Mapping Tool

Figure 49: Completion and Commencement
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11Appendix C: Stability Mapping Application Help File

Attached is a PDF file, which was generated by the help authoring system that was used to develop the
context-sensitive help subsystem of the StabMap application.
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Introduction to StabMap

1 Introduction to StabMap

The purpose of StabMap is to provide an efficient pre- and post-processor to LaModel that is
independent of the AutoCAD package which allows mine operators to assess both coal and stone
mine pillar stability to identify potential hazard zones in the mine. It is designed to be a
significant improvement over the current LamPre and LamPlt platforms. In addition to the
workflow improvements to existing features, StabMap contains several novel components.

e StabMap is database driven, meaning all files are saved inside the program. This greatly eases
file management and streamlines workflow.

It combines the functionality of LamPre and the Stability Mapper AutoCAD plugin into a single
platform.

It extends the 2000 x 2000 grid dimension limitin LamPre.

It allows more than four steps and four seams to be analyzed simultaneously.

Operators may now employ the laminated overburden model in LaModel for stone mine
analysis.

StabMap incorporates the elasto-plastic analysis conducted by Escobar (2021) to generate
material properties for both developed and benched stone pillars.

StabMap © 2025 Ben Diddle & Zach Agioutantis



General Workflow and Layout




General Workflow and Layout

2 General Workflow and Layout

Using the LaModel program involves three distinct components: pre-processing, model
computation, and result analysis. Historically, pre-processing was completed using LamPre,
computation was completed in LaModel, and analysis was completed in LamPIt. One of the
purposes of StabMap is to consolidate these functions into a single unit. The entire workflow may
be completed in StabMap, though LaModel is still be utilized for computation.

The file management system is composed of projects and scenarios, as shown in the scheme in
the figure below. All inputs are saved into a INP (.inp) file, which can be loaded into LaModel.
LaModel results are stored in F1(.f1) files, which can be loaded back into StabMap for processing
and analysis.

Resulting Charts/Graphs

. i Parameter Inputs i

Project i i

| Mine Map i

»  Scenario 1 i Grids i
1 Scenario 2 Model Calculation

»  Scenario 3 i ----------------- ._““E

| LaModel Output File |:
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Main Menu

3.1

StabMap

Main Menu

The StabMap main menu allows the user to access all program functions through four tabs:
Projects, Parameters, Options, and Help.

[E Stability Mapper e
Projects Tools Options  Help

Toggle

AAAAAAAAAATITIT1111111113111110111111111AAAAAAAAAA
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AAAAAAAAAATTITITIT1111111111011111121011111AAAAARAARA
AARAAAAAAAATIILITILIII11111111111112120111111AAAAAAARAAA
AAAAAAAAAATITIT1112111111111113111111111AAAARAAAAA
AAAAAAAAAATTILTITI111111111111111131111111AAAAAAAAAA
AAAAAAAAAATITLITITIIIIT111111111T10111111111AAAAAAAAAA
AAAAAAAAAATITITI1I11111111111111111011111AAAAAAAAAA
AARAAAAAAAATIIT1I1111111111111131111111111AAAAAAAAAA
AAAAAAAAAATITIT11111111111111111111111111AAAAAAAAAA
AAAAAAAAAATTIITII1I111111111111111111101111AAAAAAAAAA
AAAAAAAAAAL1T1111111111111111111111111111AAAAAAAAAA
ARAAAAAAAATITIIIINLI11111T211011011101111AAAAAAARAA
AAAAAAAAAATITLI11111111111111311111111111AAARAAARAA
AAAAAAAAAATITI11111111121111111111111111AAARAAAAAA
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Current Project --» Project 06
01.00.01.33 Ch\Users\Ben Diddle\Documents\MyStabMap'StabMap.FDB

The bottom left corner of the page displays the active project, the specific version of the program,
and the file location of the database file.

Depending on the selected settings, a Toggle button will appear in the upper right corner. This
allows the user to toggle between the main and alternative databases.

Projects

The Projects tab allows the user to access four windows: Manage Projects, Manage Scenarios,
Select a Project, and Exit the Program.
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[E Stability Mapper
Projects Tools Options Help

Manage Projects
Manage Scenarios
Select Project

Exit Program

3.1.1 Manage Projects

The Manage Projects window comprises three tabs: General, Scenarios in Project, and Project

Summary.
[ Projects X
& add Projsct M M| alv X Export ﬂ Select and Close ﬂ Close
Search | 10 General  Scenarios in Project  Summary of Projects
Project Code Project Cods Units
Py t_01 i i
m!EC - N Praject_01 5 B Active Project English Units
Project_01_Metic —
. etiic Lnits
Project 02 Description
F‘ro!ect_UE Project01 Description
Project_04 Date Created
Project_05 Comment 2025-06-20 v
Project_08 6_20
Project_06_Metiic Date Last Modified
Fraject_07 Latitude Longitude: 2025-07-08 o
— ! Show Project on Map

Project_08 e

Elevation [ft]

Project Date

~
Clone Current Project
¥ Delete Project and &1l Scenarios

In each tab, the upper bar and left bar remain available. The left bar lists all projects in the
program's database. Searching letter combinations will bring matching projects codes to the top
of the list.

Button Functions

o Add Project Creates new project.

Selects the highlighted project to be the active

Select and Cl . i
G, select and Ciose project and closes the window.
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3.1.1.1 Common Buttons

The following table lists the functions of several buttons used in many parts of the program.

1 Skips to the top record in the list.

l Skips to the bottom record in the list.

L Allows edits to be made.

: Deletes the selected record.

i Posts edits that have been made.

1 Cancels edits that have been made.
Import Imports a record from an Excel file.
Esport Exports the record to an Excel file.

D Close Closes the window.

Clear Log Deletes all information from the log window.

3.1.1.2 General

The General tab displays the general characteristics of the selected project.
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= Projects x

~J #4dd Project 4 pl| & X Export ﬂ Select and Close ﬂ Close

Search |

10 General  Scenarios in Project  Summary of Projects

Project_03
Project_04
Project_05 Camment 20250620
Froject_06 6_20

Project_0&_Metric Date Last Maodified
Freject_07 Latitude: Longitude 202507-08

Project_08

Uit
:rD.IEC: I:D?de Project Code nits )
oL Project_01 5 B tctive Project English Units
Project_01_Metric
Project_02 Metric Units

Description
ProjectD] Description

Date Created

! Show Project on Map

Elewvatian [ft)

Project Date

@ Clane Current Project

¥ Delete Project and &1l S cenarios

The utility of each of the fields in the general tab are explained below:

1.

w

The Project Code bar is where the user may create a name for the project. To the right of the
entry, a unique number is created for each item in the program.

The project may be selected as active using the "Active Project "check-box.

The Description bar allows the user to write a short characterization of the project.

Latitude and Longitude may be input in each respective bar. In the United States, latitude
values will be positive and longitude values will be negative.

An average Elevation for the project may be input. Note that this is not used in any
formulations elsewhere in the program, it is only for the user's reference.

A Project Date may be selected using the drop-down calendar. This may be changed anytime
throughout the project.

The Comment box may be used for any notes concerning the project.

The project's units are displayed in the upper right-hand corner of the tab. They are not
editable once the project is created.

The project creation date and date of last project modification are displayed, both are
uneditable.

Button Functions

Opens a pop-up window and displays the location
¥ Show Froject on Map represented by the latitude and longitude values on

Google Maps.

Duplicates the selected project. The copy will appear

Clone C L Project . .
@ o LUITert Froiee in the left bar as the same name with "(1)".

. Delete Project and All Scenaiios . Deletes the whole project.
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3.1.1.3 Scenarios in Project

This tab displays a list of all the scenarios in the selected project. They may be sorted by any of
their general characteristics: Code, Description, Comments, Active Status, Date Created, or Date

Modified.
[ Projects X
¥ Add Project MM &l v x Export 1, Select and Close Q1 Close
Search 4 General Seenarios in FProject  Summary of Projects
Project Code
Project_T1 Drag a column header here to group by that column
Froject_1_Metic Code Description Comment Active  Date Created Date Maodiied
Project_02 Ben_ Test 1 Scenarial] D ion 06/1 56 [ 51
Froject_03 180417 _ete. Scenarioll Description B  06/11/202512:41:46 07/10/2025 10:57:.08
;'mec‘—g; Model_F1_Barier200x 40_yield-gab B 05/11/202512:42.04 06/11/2025 13:38:12
PIU\EE:_DB Strength3do Scenariol! Descriplion B  06A11/2025 124242 06A11/2025 131942
Pro\ect_ns - ShengHan_74, Scenario01 Description @ 06/11/2075 12:4259 0R/11/2025 1325 16
Tojec etnc
e Test-Ft-PS| Scenarioll Description B 06/11/202512:4316 06/11/2025 13:31:32
Project_07
Project_08

3.1.14 Project Summary

This tab displays a list of all the projects in the user's database. They may be sorted by any of their
general characteristics: Code, Description, Project Date, Comments, Active Status, Latitude,
Longitude, Elevation, Units, Date Created, or Date Modified.

StabMap
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[ Projects #
W Add Project M M| a v X Erpart ﬂ Select and Close ﬂ Close
Search qn  Geneial Seenarios in Project Suramnary of Projects
Project Code
Project_01 Drag a column header here to group by that column
Project_01_Metic Code Drescription Project Date Comment Ative Latitude Longtude  Elevation  Elewation [m Metric [
Froject_02 Project_0N Projectd] Descriptio 520 2 0O 2
Praject_03 Project_01_ Project] Descriptio [ ] [ -] 2|
Project_04 Project_02 Buchanan Ming Buchanan Mine ] 37,7000 -81.0000 [
Project 05 Project_03  Projectd] Descriptio Caroline [ ] )] 2
Frn!ect_DE - Project_04  Projectd] Descriptio Sante_Fe [ ] O 2
E::::z,ggﬂemc Project 05 Test Giid Test Grid 2 0 2
- Project_0E  Extemnal_Data 2 O 2
Project_08
Project_0B_ External_Data [ ] [ ] 2
Project_07  Buchanan Barrier Pi [ ] O 2
Project_08  |pdate for External ] O 2

3.1.2  Manage Scenarios

The Manage Scenarios window comprises eight tabs: General,Input Parameters, Mine Map,
LaModel Grids, LaModel F1 Output Files, LaModel F1 Output Charts, Summary, Progress Logs.

.
[El Scensrios for Project: Project_06 u] X

¥ Add Scenario M| a| v X

Evport 1, Ciose

Search | s General Inpu Parameters  Mine Map  Lahdodel Girids  Labodsl F1 Dutput File  Labodls| F1 Dutput Chants  Summary  Pragress Logs

Scensric Codes Madel Units
TP Scenaria Cade o e
 Pansks : sl i s Ui
180417_Panels 22 ) Astive Sosnsiin Clorne Currsnt Sosnsrio
180417_Paneks 22_v2 (e Famwesse ) a
180417_Paneks 22_v3 Description Stone Mine Metric Units
Berching_Test_v1 Buchanan-130417 K Dekets Seenaric

Bueh_1 Comment Date Created

Buch 111) - 07/02/2025 131018
Buch_1_v2
Buch_1v3 Dt Last Modlferd
Buch_2_AT_Land_1 1071502025 142312
Buch_28_RT_Land_1_y2
Buch_28 RT_Lam3_1_y3
Buch_28 RT_Lam3_2 -
Buch_28_RT_Lam3_2_v2 Manage Lamods! INF fies

Buch_28 RT_Lam3_2 3
Coal_MonCCC_tg_vé
Coal_MonCCC_tg_vd 2 Load LaModel INP Fie [+3 or v4) &
Coal_ManCCT_ta vl 3 g Devs Lavosd
ManCrr_ta va 1 Save Labode INF File
ManCrr_ta vl 2

HAT_LAM
AT LAM 2 Information on Imported LaModel File Frogress Log Clear Progress Log

HAT_LAM_+3 LaMods! Inpu File Mams -
Newman_E sample 190417 _Panels 22:2324_3inp
Newman_Erample_v2

Latodel Input File Extension
inp
LaModel Input File Size
84057

Mewman_E xample_v3
Wewman_Huft_Creek
Wewman_HUl_Creek_v3
PillarSize A ———————
PillarSize_v2 Latodel Input File Date Loaded
PilarSize_v3 10/15/2025 02:14:58 P
5Strengtha00-750
SStengthI00-750_v2
SStengthd00-750_v3

Infarmation on Exportes Latodel File

Stane_bench_CAEATE Latodel Input File Name

Stane_bench_CREATE [B) C:\Users\Ben Diddie\Documents\MyStabM aptscenariost33-180

Stane_bench_IMPORT

Stane_bench_v2 v
Shrength?00-600 4 L4

Strength?00-600_v2
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In each tab, the upper bar and left bar remain available. The left bar lists all scenario in the
selected project. Searching letter combinations will bring matching scenario codes to the top of

the list.

Button Functions

P Add Scenarnio

Creates new scenario. Once selected, a window will

3.1.2.1 General

StabMap

display that allows the user to designated
permanently the scenario as coal or stone.

The General tab displays the general characteristics of the selected scenario.

.
[ Scenarios for Praject: Project.06

& Add Scenario

Search |

4B

Scenario Cade
180417_Panels 22
160417_Panels 22_+2
1680417 _Panels 22_+3
Benching_Test_v1
Buch_1
Buch_1[1]
Buch_1_v2
Buch_1_+3
Buch_28 RT_Lam3_1
Buch_28_RT_Lam3_1_v2
Buch_28_RT_Lam3 1_v3
Buch 28 RT_Lam3 2
Buch_28_RT_Lam3_2_v2
Buch_28_RT_Lam3 2 v3
Coal_MonCCC_ta_v
Coal_MonCCC_ta_vd_v2
Coal MonCCC_tg_vd_v3
MonCCE_tg V4
HonCTC_tg_wh_v2
NAT_LaM
NAT_LAM_v2
AT_LAM_v3
Newman_E xample
Newman_Example_y2
Mewman_E xample_v3
Newman_Huft_Cresk
Kewman_Huff_Creck_v3
PFillarSize:
FillrGize_v2
FillarSize_v3
S5tiength900-750
SStength800-750_v2
SStength900-750_v3
Stone_bench_CREATE
Stane_bench_CREATE (8)
Stone_bench_IMPORT
Stone_bench_v2
Strength700-600
Strength700600_v2

4 p a X

General Input Parameters  Mine Map  LaModel Grids  LaMods! F1 Output File - LaModsl F1 Output Charts - Summary  Progress Logs

Scenario Code Modsl
180417_Panels 22 k] 8 #tive Scenario -@] Clone Current Scenario Coal Mine
Destiiption Stane Mine
Buchanar-160417 ¥ Delete Scenario

Comment

v
Manage Lahodel INF fles
[ Load LaModel INP File [v3 a1 v4] ™
e
B Save LaModel INP File
Information on Imported Labode! File Przmslsy Clear Progress Log

Latodsl Input File Name
180417_Panels 2223-24_S.np

Latodel Input File Extension
inp
Latodel Input File Size
B4057

Latodel Input File Date Loaded
10/16/2025 02:14:58 P

Information on Exportes LalMadel File

Latodel Input File Name:
CAUseishBen DiddleAD ocuments\MyStabMaphscenariosh 33180

The utility of each of the fields in the general tab are explained below:
1. The Scenario Code baris where the user may create a name for the project. To the right of the
entry, a unique number is created for each item in the program.

AR

o x

Expott ] Close
Units
Engich Units
Metic Urits
Date Created
07/02/202613 1018

Date Last Modified
10/15/202514:2212

The project may be selected as active using the "Active Scenario "check-box.

The Description bar allows the user to write a short characterization of the project.
The Comment box may be used for any notes concerning the scenario.
The LaModel Input File Name bar, LaModel Input File Extension bar, LaModel Input File Size

bar and LaModel Input File Date Loaded bar each display information about the .inp file loaded
into the scenario.
6. The scenario's units and model type are displayed in the upper right-hand corner of the tab.
They are not editable once the project is created.
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7. The scenario creation date and date of last project modification are displayed in the upper
right-hand corner of the tab.

Button Functions

Duplicates the selected scenario. The copy will
@ Clane Curent S cenario appear in the left bar as the same name with
II(1)II.

. Delete Scenario Deletes the whole scenario.

Opens the file explorer for the user to select a

. Load Latodel INP File [+3 ar w4 . . .
pac-ameds e (v or vd] .inp file to import.

Saves the scenario as a .inp file that may be

= Save Latodel INP Fil ; i
B save LaMode e input into LaModel.

Opens LaModel and runs the INP from the

% Execute Latdodel .
'*' selected scenario.

3.1.2.2 Input Parameters

The Input Parameter tab is composed of four sub-tabs: General Model Information, Seams,
Lamination Thickness, and Materials.

These tabs allow the user to input the desired values in each of these categories. If a.inp file is
loaded, these tabs will populate based on the files data.

3.1.2.2.1 General Model Information

The Overburden Information region allows the user to input values for Poisson's Ratio, Elastic
(Young's) Modulus, Lamination Thickness, and Overburden Density.

For coal scenarios, the Lamination Thickness may be determined using the tools under the
Lamination Thickness sub-tab.

For stone scenarios, the only the option is for the user to define a lamination thickness. There is
no accepted method for determining the lamination thickness. Based on collected industry
experience, a reasonable default is 50ft.
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General Input Parameters  Mine Map  LaModel Grids  LaModel F1 Output File  Labodel F1 Output Charts  Summary  Progress Logs

General Model Information  Seams  Lamination Thickness  Materials

Overburden |nformation

Poiszon's Ratio
028

Seam Grid Information
Element “width [ft]
10

Elastic Modulus [psi)
3,000,000

Number of Elements in
3005

Lamination Thickness (ft]
561.00

Number of Elements in"
27 5

OB Spec Weight [Ib/cf]
162.00000

M odel Information
Number of Seams
1=
Number of Defined Matenals

26 5
Number of Defined Mat. Sets
=

Boundary Conditions
North Boundary
O Rigid
© Symmetiic or Level
South Boundary
) Rigid

© Spmmetric o Level

Englizh LaModel File Units

Inches and psi

Program Control Parameters

Over-Relaxation Factor

Feet and psi 1

Displ. Convergence Factor
1E-5
Mawirum lterations
700002

Initial Step Mumber
1=

Latodel File Version
© version 3
() Wersion 4

Tatal Mumber of Steps
qi=

E ast Boundary
O Rigid
© Spmmetiic or Level

West Boundary
) Fiigid

© Symmetric or Level

[ Include Free Sutace Effscts

[ Define Off-5eam Grid

[ Input Overburden Depth from TOP File
B Calculate Safety Factors

[ Calculate Muliple Seam Subsidence
[[J Inciude Energy Calculations

[ Include Roof Bending Stresses

[ Include Fault Calculations

Latdodel Input File Title
180417_Panels 22-23-24_9

The utility of each of the fields in the general model information tab are explained below:

1. The Seam Grid Information region allows the user to input values for Element Width, Number
of Elements in the X-Direction, and Number of Elements in the Y-Direction.

2. The LaModel File Units region displays the units for the loaded .inp file.

The LaModel File Version region displays the version from which the .inp file was created.

4. The Model Information region allows the user to alter the number of seams, materials, and
material sets.

5. The Boundary Conditions region allows the user to select either rigid or symmetric/level
conditions for each boundary. Rigid boundaries mean that there will be no displacement at
the model's edge. Selecting

6. this boundary condition can resultin large edge effects along the model's border. Symmetric
boundaries mean that the slope of the displacement curve is zero at the edge of the grid.

7. The LaModel Input File Title bar displays the name of the loaded .inp file. This may be altered
by the user. If loaded, all values will populate in this page automatically.

8. The Program Control Parameters region allows the user to alter several LaModel settings.

9. The Over-Relaxation Factor defines the rate of convergence in the LaModel solution
algorithm. Essentially, it is a numerical factor used to overestimate the calculated
displacement in an attempt to derive a solution in fewer iterations. The Over-Relaxation
Factor can range from one to two. A user input parameter of 1 provides no over estimation in
the central difference solution method, while an input of 2 will double the estimate causing
the solution to diverge. Understanding this, it is recommended that users define this
parameter within the range of 1.35 to 1.8. Please recognize that the default parameter of 1.65
has been found to be the optimal value for most models.

10. The Displacement Convergence Factor determines the precision of the results generated by
the LaModel solution algorithm. Decreasing the input value increases the models precision
and vice versa. The program default parameter is 0.00001, which provides adequate precision
for all models and therefore should not be modified by the user.

11. The Maximum Iterations value refers to the number of iterations to be run by LaModel. If the
maximum iteration number is reached, then the program will close without fully converging.
The default value provided will be adequate for basic models. However when the user

w
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increases the number of seams to be analyzed, the iteration value should be increased. The
user should be aware the that number of interactions defined only allows the solution
algorithm a larger iteration set if needed

12. The Initial Step Number allows users to break down a large input file into multiple runs. This is
achieved by inputting a step value that corresponds to the analysis start point of the model.
For example, if there was a ten step model and one wanted to separate the model into two
separate program runs, the user would begin the first run with an initial step of 1and then a
second run with an initial step of 6.

13. The Total Number of Steps refers to the amount of steps to be run by LaModel.

14. Selecting the "Include Free Surface Effects" check-box allows users to take into consideration
the existence of a surface effect stresses. The Surface Effect accounts for in accuracies of the
laminated model through the implementation of a mirror image seam(s) centered about the
surface; elevation of zero. From extensive case studies it is suggested that Surface Effect be
taken into consideration when the panel width to depth ratio is greater than 1.80. This
increases the required number of computations due to the element interactions between the
real and mirrorimaged seams.

15. Selecting the "Input Topography from File" check-box direct LaModel to search for a .top file
before running. This file can be easily converted from a Carlson grid (.grd) file. Note that this
grid should represent the overburden depth, not the actual elevation. For the best results,
these grid files should have elements of equal or lesser size than 10 times the seam element.
To be used by LaModel, the .top file should be share the name of the .inp file and be placed in
the same folder.

16. Assuming a 21 degree abutment angle, the overburden grid should always be larger than the
seam grid by a minimum of Depth*tan(21). As a rule of thumb, the dimensions of this file
should be greater than those of the seam grid file by one overburden depth. For example, if
the seam grid is 100ft by 100ft with an average overburden depth of 50ft, the overburden grid
should 200ft x 200ft, an additional 50ft in each direction.

17. Selecting the "Calculate Safety Factors" check-box directs LaModel to calculate both stress and
strain safety factors for all pillars.

18. Selecting the "Calculate Multiple Seam Subsidence" check-box allows users to calculate
inseam subsidence caused by multiple seam mining geometries for each seam analyzed. Using
this information in conjunction with the LamPIt post processor, users can determine the
Remote Displacements as well as strains in both the X & Y directions with respect to multiple
seam mining activity.

19. Selecting the "Include Energy Calculations" check-box allows users to calculate the energy
stored and energy released with respect to inseam mining activity. Using this information in
conjunction with the processed results, users can determine the bump potential through the
analysis of the element energy input and the rate of energy release from a given element.

20. Selecting the "Include Roof Beam Bending Stresses" check-box allows users to calculate the
compression and tension stresses in the modeled roof. Using this information in conjunction
with the processed results, users can anticipate roof behaviors with respect to mining
geometries in an attempt to be proactive in their roof control system.

21. Selecting the "Include Fault Calculations" check-box will display the Fault Information region,
which allows the user to incorporate a frictionless vertical fault within the grid. There will be
no stress transfer along the fault.

22.Selecting the "Include an Off-Seam Plane" check-box will display the Off Seam Plane region.
Here the useris able to define an off-seam location and geometry such that surface
subsidence can be calculated with respect to the defined underground geometries and

StabMap © 2025 Ben Diddle & Zach Agioutantis



material properties. The accepted grid block size for the plane is between 5ft and 50ft. A
smaller block size causes a large increase in program run time, while a large block size can
cause numerical instability in the model and produce in accurate results. The program allows a
maximum of 2000 elements in both the x and y directions such that the grid will completely
encompass the areain which surface subsidence is to be calculated.

3.1.2.2.2 Seams

For Coal scenarios, the Seams tab displays each seam in the selected scenario, including name,
origin points, depth of cover, and thickness.

General Input Parameters  Mine Map  LaModel Grids  Labodel F1 Output File  LatModel F1 Output Charts - Summary  Progress Logs

Gereral Model Information. S2ams Lamination Thickness  Materials

W Add Seam M| =& X Import 5 eans Export Seams

1 N ) |

Seam Mumb Seam Descrption

1 Seam Number

1 213

Seam D escription

Seam Ongin = [ft]
0.0

Seam Origin ' [ft]
0.00

Searm Depth of Cover [ft]
-2000.00

Seam Thickness [ft)
11.00

For Stone scenarios, the Seams tab displays each seam in the selected, including name, origin
points, depth of cover, development pillar height and total benched pillar height.
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Gereral Input Parameters  Mine Map  LaModel Grids  LaModel F1 Output File  Labodel F1 Output Charts - Summary  Progress Logs

General Model Information  S&ams  Lamination Thickness  Material:

W Add Seam : M M| =] b 4 Import Seams Export Seams
Seam Mumb Seam Description
1 Seam Description S S
F 1 198
Seam Description
Seam Descnption
Seam Ongin = [ft]
n.oo
Seam Ongin v [ft]
n.oo
Seam Depth of Cover [ft]
400.00
Development Thickness [ft]
25.00
Tatal Thickness [Benched] [ft)
A0.00
Button Functions
W Add Seam Creates a new seam in the scenario.

Impart Seams Allows the user to import seam data from an Excel file.

Ewpart Seams Allows the user to export seam data to an Excel file.

3.1.2.2.3 Lamination Thickness

StabMap

The lamination thickness represents an average vertical distance between major geological
discontinuities in the overburden or the interburden between two seams. It has a mathematical
effect on the stiffness and behavior of the overburden. In general cases, a thinner lamination
thickness creates a less rigid overburden and tends to generate increased inseam convergences,
interseam interactions, and steeper subsidence troughs. A thicker lamination thickness creates a
more rigid overburden and tends to decrease inseam convergences over gob areas and
distributes stresses caused by interseam interactions over a larger area. It should be noted that a
Lamination Thickness less than 2 or 3 times the element size will produce numerical instability in
the solution algorithm for the laminated model.

For Coal scenarios, this tab allows the user to calculate the optimal lamination thickness based on
a calibration of loading at the abutment load extent to values suggested by the Mark-Bieniawski
empirical equations. The mathematical procedure is detailed here.
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General

Input Parameters

General Madel Infarmation
Owerburden Infarmation
Paizzon's A atio
0.:z5

Elastic Modulus (psi)
3,000,000

0B Spec Weight [Ib/cf)
162.00000

Seam Parameters (1]

Elastic Modulus (psi]
300,000
Seam Thickness (ft)
11.00

Seam Depth (i)
2000.00
Parel/Gob width [ft]
ES30.00

Coal Strength [pzi)
S00.00

Mine Map  Lakodel Grids

Seams

Lamination Thickness  aterials

Abutrient Load Extent Parameters

B Use Suggested Abutment Load E stent

Abutment Load Extent [Suggested) [ft)
22381

Abutment Load Extent (User Defined) (ft)
22300

Portion of Load within Given Extent
04

Seam Parameters (2]

B Use Suggested ratio of OB Load
Overburden Load Fatio [Suggested)
0.va

Owerburden Load Ratio [User Defined)

B Use Suogested Value
Yield Zone Width [Suggested] (f)
2.00

Yield Zone Width (Uszer Defined) [f)

2.00

Lakdodel F1 Output File

Lakdodel F1 Output Charts Summary Progress Logs

Larmination Thickness

B Use Suggested Lamination Thickness

[ . Larnination
Lamination Thickness [Suggested] (f) ] Thickness
561.00 *izard

Lamination Thickness [Iser Defined) [ft)
2400.00

All parameters in the Overburden Information and Seam Parameters (1) regions must be input for
the wizard to run. If Abutment Load Extent, Overburden Load Ratio on the Abutment and/or Yield
Zone Width estimates are known, simply deselect each respective check-box and enter the

estimate.

Button Functions

Lamination

ﬁ; Thicknesz
YWizard

Coal Default Values

This icon will run the Lamination Thickness calculation.

Parameter

English | Metric
Poisson's Ratio (OB) 0.25
Elastic Modulus (OB) 3,000,000 psi 20,680 MPa
Specific Weight (OB) 162 |bs/ft3 2600 kg/m3
Elastic Modulus (Seam)| 300,000 psi 2,068 MPa
Seam Thickness 6 ft 1.8m
Seam Depth 1000 ft 305m
Panel/Gob Width 1000 ft 305m
Seam Strength 900 psi 6.2 MPa
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3.1.2.2.4 Materials

The process of material definition is different for coal and stone materials. The mathematical

theory behind each be found here.

3.1.2.2.4.1 Coal Materials

Once a material set is added, designation of the material as either seam or gob is made. There are
three seam material model types: Linear Elastic, Strain Softening, and Elastic Plastic. There are
three gob material model types: Bi-Linear Hardening, Strain Hardening, and Linear Elastic.

General Input Parameters  Mine Map  LaModel Grids  LaModel F1 Output File  Labodel F1 Output Charts Summary  Progress Logs

Genersl Model Information  Seams  Lamination Thickness  Materials

B Add Material et Manage Material Madels for Coal Mines Al Materials
———— I aterial Set Code 268
Material Set Matsetl - b 4 ¥ Delete Material Set Export b aterial Sats
Mat5et0l o
MatSet0? Material Selection Seam Properties
© Seam Material Elastic Madulus [pei)
300,000
() Gob Material
Poiszon's Ratio
Seam 0.33
O Linear Elastic for Intact Material Plastic Modulus (psi)  Element Wwidth (1)
(Z) Strain Softening for Intact Material u 0
© Elastic Plastic for Intact Material EoalStrength [DSBI]DD
E X W Create Materials Import Materials Export Materials e
Mat Number Cod Mat Tepe  Set 8 Elastic Mod. Shear Modu Poisson's R: Peak Stress Peak Strain F
1 - 1 1 3000000 112782 025
2 - 3 1 300,000 033 20,400 0.0E57
Layout ac 3 1 300,000 033 20,605 0.0687
Seam Number 4 - 3 1 300,000 033 19132 0.0538
= s 3 1 300000 033 1883 0052
Seam Thickness (1) B- 3 1 300,000 033 17,368 0.0579
1 7 - 3 1 300,000 03z 17.071 0.0569
] - 3 1 300,000 033 155598 0.0520
Hunberofizones sl 3 1 300,000 033 15303 00510
2= | 3 1 300000 033 13831 00461
From Madel To Maodsl 1 - 3 1 300,000 033 13536 0.0451
1 o5Le 12- 3 1 300,000 03z 12063 0.0402
13 - 3 1 300,000 033 11,764 00352
14N 3 1 300,000 033 10,296 00343
15 - 3 1 300,000 033 10,002 00333
16 - 3 1 300,000 033 2529 0.0284
17 - 3 1 300,000 03z 2234 0.0274
18 - 3 1 300,000 033 E.7E1 0.0225
10 E) 1 200 Ann nae coacT nric

Seam Properties Required for Each Model Type

Linear Elastic  Strain Softening Elastic Plastic

(1) (2)

Elastic Modulus
Poisson's Ratio
Element Width

Coal Strength

Plastic Modulus
Residual Stress Factor
Residual Strain Factor

LALS
LS S5

StabMap

(3)
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In the Layout region, seam number and number of zones must be input. Each zone comprises two
materials. Seam thickness will populate based on the Seams tab. From Model and To Model will
populate once the materials are created.

Once all inputs have been made, the materials may be created. Materials will populate in the
table, with the first material will always linear elastic, regardless of model type, to represent the
pillar core. Each material numberis used only once in a single scenario. The code is how material
will be identified in the grid. The material type value refers to the material model type.

The All Materials sub-tab displays all materials in the scenario in tabular form.

General Input Parameters  Mine Map  Labodel Grids  Labodel F1 Output File  Labodel F1 Output Charts Summary  Progress Loge

General Model Information  Seams  Lamination Thickness  Materials

& Add Material Set Manage Material Models for Coal Mines Al Materials

taterial Set a8

MatSetd! Dirag a columin header here to group by that column

MatSetlz

Material Typ Material Mur MatC Set# Elastic Modi Shear Modu Paisson's R: Peak Stress Peak Strain Residual St Residual Str Gob Initial M Gob Fing

1 1 1300000 112782 025
3 B 1 300000 033 208936  0.0B96EE
3 3C 1 300000 033 206051  0.089634
3 4D 1 300000 033 191324 0063774
3 5 BN 1 300000 033 188378 0062793
3 5F 1 300000 033 173851  0.057684
3 TG 1 300000 033 170705 0086902
3 ] | 1 300000 033 155578 0051993
3 | 1 300000 033 153033 0051011
3 10 1 300000 033 133305 0046102
3 1 [ 1 300000 033 13536 004512
3 12| 1 300000 033 120633 0040211
3 13 1 300000 033 117687 0039223
3 14N 1 300000 033 10296 003432
3 150 1 300000 033 100015 0033338
3 16 [E 1 300000 033 852873 0028429
3 e 1 300000 033 823418 0027447
3 18R 1 300000 033 676145 0022538
3 1[I 1 300000 033 646631 0021555
3 20 [ 1 300000 033 439418 0016647
3 =1 [ 1 300000 033 469364  0.015685
3 2 1 300000 033 32691 0010756
3 = 1 300000 033 293236 0009775
3 2 1 300000 033 145364 0004865
3 XY 1 300000 033 116509 0003834
5 ®Z 2 300000 033 100 5

Button Functions

W Add Material Set Creates a new material set.

Expart Material Sets Exports a list of material sets and properties to Excel

P Delete Material Set Deletes the entire selected material set

o Create Material: Creates materials according to the parameter inputs
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[rport M aternials

Allows the user to import materials from an Excel file.

Export Materials

Allows the user to export materials from an Excel file

3.1.2.2.4.2 Stone Materials

There is one stone material model type, Elastic Plastic.

General Input Parameters  Mine Map LaModel Grids  LaModel F1 Qutput File - LaModel F1 Output Charts Summary  Progress Logs
General Model Information Seams  Lamination Thickness  Matenals

W Add Material Set Manage Material Models for Stone Mines Al Materials

Material Set Code 224

© Seam Material Elastic Modulus [psi]

6671735

(C) Gob Material e
Paisson's Ratio

Seam 02

() Linear Elastic: for Intact Matesial

Plastic: Modulus [psi]

Element ‘width [ft]

Materil Set M atS et A v | X ¥ Deletz Material Set Export Material Sets
MatSetll _——
MatSetl2 Material Selection Seam Properties

0 0

Rock UCS [psi)
4.300

() Strain Softening for Intact Material

© Elastic Plastic for Intact Material

-~ v x W Create Materials Import b aterials Expaort Materials -
Mat Mumber Cod Mat Type  SetH Elastic Mod. Shear Modu Poisson's R: Peak Stiess Peak Strain Res
| 1 1 BE7ITIE 2779830 02
B 3 1 EEFLTS nz 3414 00005
Layout I 3 1 BETITI 02 3372 00005
Seam Number 4D 3 1 BE7LTH 02 3166 0.0008
= sE 3 1 BE71LTI 02 3ME 00005
Seam Thickness (1] gF | 3 1 BE71TIE 02 2862 0.0004
5 Benched —) TG 3 1 667173 02 2793 00004
Height sl 3 1 BET1735 02 2455 00004
himbeoiZores o[ 3 1 BE7LTH 02 2361 00004
5. 10 I 3 1 BE71LTI 02 1766 0.0003
From Maded To Madel 1 3 1 BE717H 02 1453 00002
1B =

Properties Required for Stone Models

Elastic Plastic

Elastic Modulus
Poisson's Ratio
Element Width
Rock UCS

Plastic Modulus

SAAAS

In the Layout region, the seam number and the number of zones must be input. Each zone
comprises two materials. The seam thickness will populate based on the information in the
Seams tab. If "Benched Height" is selected, it too will populate based on on the information in
the Seams tab. From Model and To Model will populate once the materials are created.

StabMap
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Once all inputs have been made, the materials may be created. Materials will populate in the
table. The first material will always be linear elastic, regardless of model type, to represent the
pillar core. Each material number (material letter or code) is used only once in a single scenario.
The material code is how material will be identified in the grid. The material type value refers to
the material model type.

For benched materials, the user may note that the elastic modulus is reduced from the input
value. This new value is determined using Equation 1 below.

DevelopmentHeight

E =F
bench * TotalHei ght (1)

The All Materials sub-tab displays all materials in the scenario in tabular form.

General Input Parameters  MineMap  LaModel Grids  LaModel F1 Output File  Labodel F1 Output Charts Summary  Progress Logs
General Model Information  Seams  Lamination Thickness  Materials

¥ Add Material Set Manage Material Models for Stone Mines Al M aterials

5 Material Set Cods 224
I aterial Set - X

© Seam Material
() Gob Material
Seam

() Linear Elastic for Intact Material

Elastic Modulus [psi]
EE71.735

Poisgor's Fatio
0z

Plastic Modulus [psi]

Mats et ¥ Delete Material Set Export Material Sete
tatSet0 — :
MatSetl2 Material Selection Seam Properties

Element 'width [ft]
() Shrain Saftening for Intact M aterisl g i
. Rock UCS [psi)
© Elastic Plastic for Intact Material 4300
A X & Create Materials Impart b aterials Export Materials .
Mat Number Cod Mat Type  Set # Elastic Mod. Shear Modu Poisson's R Peak Stiess Peak Stain Res)
| 1 1 66717 2773890 02
2B 3 1 BETLIH 02 3414 0.0005
Layaut ac 3 1 667173 02 3372 00005
Seam Humber 4D 3 1 BE7LIH 02 3165 0.0005
15 s El 3 1 EETIE 0z 316 00005
Seam Thicknsss [f] 6F 3 1 BETLIH 02 2862 0.0004
o5 Benched ) TR 3 1 BET1LIH 02 2799 0.0004
BEET o[l 3 1 BENTE 02 2455 00004
hEmberlotEtones 3 3 1 BETLIH 02 2361 0.0004
) 10 000 3 1 BETLIH 02 1768 0.0003
From Model To Madel 11 3 1 BETTH 02 1453 00002
i= =

Button Functions

W Add Material Set Creates a new material set

Export Material Set: . Exports a list of material sets and properties to Excel

> Delete M aterial Set Deletes the entire selected material set

StabMap
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Main Menu

o Create Material: Creates materials according to the parameter inputs
[rpart b aterials Allows the user to import materials from an Excel file.
Export Materials Allows the user to export materials from an Excel file

3.1.2.3 Mine Map

The Mine Map tab is composed of three sub-tabs: Manage Mine Map and Import Polylines,
Generate Grid from Imported Polylines, & Manage Imported Grids.

If implementing a multiple seam project, it is suggested that the user first review the video
tutorials in the resource files window.

3.1.2.3.1 Manage Mine Map and Import Polylines

This tab will function differently for coal and stone scenarios.

3.1.2.3.1.1 Coal

This sub-tab allows the user to load, save and delete maps from each scenario. The file details
will populate when a map is loaded.
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Main Menu

General Input Parameters  Mine Map  LaModel Grids  LaModel F1 Output File  LaModel F1 Output Charts Summary  Progress Logs

Manage Mine Map and Import Pollines  Generate Grid from Imported Pollines  Manage Imported Grids

Map File Description

Map File Mame
Hulf Creek Tutarial dwg

Map File Extension

dwg
Map File Size [bytes) Load Map from File Clear Map
7549553 Save Map to File Preview Map
Map File Date Loaded .
07421 /2005 095497 Delete Map fiom Scenario [ Re-Download
Import Options [after Map Preview) Layer Management
Select Layer for Pillars [ Show Al Layers
o
Select Layer for Gobs @ HC PILLARS
~ [ DF FILL&RS Winlal
%L?TEEDGHID FIN ‘LE?G‘E,%EE;J\
Rotation Angle Base ¥ BaseY [ TOFD GRID u[DEE[ OnG)
0 8 GRID OUTLINE EESE% _]‘Hf'_"
DF PILLARED AREA
ko o
Import Pillars and Gobs ) N&RROW ﬂ%%a% %
peaal ) st} o S 7
[ Debug | W57 e P e T o o Yot
Progress Log DUEEE J Y [ [ o L
i P o o Ao O O
List Map Layers TOPD GRID A o
ERID DUTLINE T o et
| DF PILLARED AREA ﬂ%gg;cmq:p [ e e [ i
ist Map E nlities NARRDW i
i
SCALE o000
Cancel Listing of Map Entities DF GOB [ )
INSITU STRESS
M5 STRESS
4 »

X:2803631.52 Y: 208751.27

The Import Options region allows the user to select layers to import as pillars and gob. The map
must be shown in the preview window before this can occur. The rotation feature allows the user
to alter the map alignment. Generally, it is best to choose the alignment that allows for the
greatest portion of the entries to be oriented vertically. This will lead to the most accurate grid
generation. The rotation angle should be entered in degrees, and will rotate the map counter-
clockwise. The reference coordinates should be entered in the Base X and Base Y bars.

The Layer Management region allows the user to select active layers. The selected layers will
appear in the right window when the map is previewed.

Button Functions

Load Map fram File Allows the user to import .dxf or .dwg files.

Save Map to File Saves the map to .dxf or .dwg file.

Deletes all map layers and the file itself from the

Delete b ap fram Scenario .
scenario.

Clear Map Clears the map preview.

Displays the active map layers in the viewing

Preview Map window
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Irpart Pillarz and Gaobs

Lizt Map Layers

Imports the selected layers into the Generate Grid
from Imported Polylines sub-tab.

Lists all layers in the Progress Log.

Lizt Map Entities

Lists all entities in the Progress Log, this may be

Cancel Lizting of kap Entities

3.1.2.3.1.2 Stone

StabMap

time-consuming.

Cancels the listing of entities.

This sub-tab allows the user to load, save and delete maps from each scenario. The file details
will populate when a map is loaded.

General Input Parameters  Mine Map  LaModel Grids  LabModel F1 Output File  LaModel F1 Output Charts Summary  Progress Logs

tanage Mine Map and Impart Pallines  Generate Grid from Imported Polylines  Manage Imported Grids

tap File Description

Map File Name
StabMap_Benching_Test_v1.dwg

Map File Estengion
dwg

Map File Size (bytes)

Load Map from File

Clear Map

43122

Save Map ta File

Preview Map

Map File Date Loaded
08/21/2025 08:15:30

Delete Map from Scenario ) Re-Download

Import Options [after Map Preview]
Select Layer for Pillars

Select Layer for Benched Pillars

~

Rotation Angle Base X
1] 1]

Bazer

1]

Import Dev and Benched Pillars

(1 Debug

List Map Lapers

List Map Entities

Cancel Listing of Map Entities

Layer Management

[ Show &0 Layers

@0
B Bench

Progress Log
Layers: 2
1)

Bench

X -33.68 V@ 14858

The Import Options region allows the user to select layers to import as development pillars and
benched pillars. The map must be shown in the preview window before this can occur. The
rotation feature allows the user to alter the map alignment. Generally, it is best to choose the
alignment that allows for the greatest portion of the entries to be oriented vertically. This will
lead to the most accurate grid generation. The rotation angle should be entered in degrees, and

will rotate the map counter-clockwise. The reference coordinates should be entered in the Base X
and Base Y bars.
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The Layer Management region allows the user to select active layers. The selected layers will
appearin the right window when the map is previewed.

Button Functions

Load Map from File Allows the user to import .dxf or .dwg files.

Save Map to File Saves the map to .dxf or .dwg file.

Deletes all map layers and the file itself from the

Delete Map fram Scenarnio .
scenario.

Clear Map Clears the map preview.

Displays the active map layers in the viewing

Preview Ma .
: window.

Imports the selected layers into the Generate Grid

| N d Benched Fill .
i sa e badatae 100 from Imported Polylines sub-tab.

List Map Layers Lists all layers in the Progress Log.

Lists all entities in the Progress Log, this may be

Lizt Map Enfitiez . .
time-consuming.

Carcel Listing of Map E nhities Cancels the listing of entities.

3.1.2.3.2 Generate Grid from Imported Polylines

This tab will function differently for coal and stone scenarios.

If implementing a multiple seam project, duplicate scenarios must be created to generate
additional seam grids. These grids may be combined back into a single scenario in the LaModel
Grids tab. It is suggested that the user first review the video tutorials in the resource files
window.

3.1.2.3.2.1 Coal

The left table at the top of this sub-tab displays each entity (closed polylines). The right table
displays the vertices for the selected entity.
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StabMap

Gereral Input Parameters  Mine Map  |abModel Grids  LaModel F1 Output File  Labodel F1 Output Charts Summary  Progress Logs

Manage Mine Map and Impart Polylines  Generate Grid from Imported Polylines  Manage Imported Grids

- % | & x

- TR 5
Drag a column header here ta group b Drag a column header here ta group by that co
Code Active Mode  Closed Order Active  ¥-Coord *-Coard
Find47 /] I - | 1 1 280B033.02 205493.83
Pilda [ ] (I - | 2 1 260603897 20557121
Fin4a /] I - | 3 1 280598812 208570.64
Pilns0 [ ] (I - | 4 1 260599091 20549878
Pilog1 /] I - | 5 1 280B033.02 205493.83
Fils2 [ ] (I - |
Fil0s3 ] I ]
FilDs4 (] 08
Fil055 (] I |
Plot Options:
. =, OO
ml Plat Imported Mine Map (D Plat Codes . n Tj DUDDED
TestHeight 10 & 0L EONAON
. [ e
CodeAngle 45 LI JEE:][]D 0
=SEEEen 0D
E Export Imported Mine Map [and Grid] E%%%gg
CCOG0
. e 2 = O A o O S I
Impart Grid Information Hhoonn | nlalan]] A oL
Minirum ¢ M awimum ¥ Murn Elem ¥ Layer for Pillars Eu.ﬁ LU OO OnoSOT i E'I';\r %%HE HE
2802600 2803300 i HC FILLARS UDEEE\R:%HHLHHHEUHH ! ]ﬂ}:\ NO0O0C 0000
o0 =y=) [ foam ] el
binimum b aimum Mum Elem 't Layer for Gobs o ] SRREEHEREROnERERs
207000 208000 o [mim| j HH
fo e[ ]
Element Width Tatal Elements
10 E700

Fillar Care  Gob Core

Preview Grid Area Generate Grid and Overlay to Map

& H
Preview Labaodel Grid Cancel Grid Generation
Sheow LaModel Grid Determine Core Grid
- Characters

X:2802530.74 ¥Y: 204218.25

The Plot Options region allows the user to plot the layers imported from the previous sub-tab.
The progress bar will activate once grid generation begins.

The Import Grid Information region allows the user to generate the grid. The user should first
input the minimum and maximum X & Y coordinates in their respective bars. The element width
should then be input in the Element Width bar. The Number of Elements in the X and Y directions
will populate automatically, as will the number of Total Elements. Note that the number of
elements in both dimensions must be divisible by 10. This is due to the nature of the LaModel
processor.

The Layer for Pillars and Layer for Gobs will populate based on the previous sub-tab. The Pillar
Character and Gob Character will populate based on the material codes. These refer to the core
element for each material set.

Button Functions

@ Plot Imparted Mine Map Displays the imported pillar and gob layers.

Exports the imported layers and generated grid to a

E Export Imported Mine Map [and Grid] new .dxf or .dwg file.

Preview Grid Area Displays the grid area outline.
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Generate Grid and Owerlay ta Map

Preview Latdodel Grd

Cancel Grd Generation

Show Latdodel Grid

Determine Care Gnd
Characters

Generates the grid.

Displays a preview of the previously generated grid.

Stops generation of the grid.

Opens the Manage Imported Grids sub-tab.

Opens the Core Grid Character window that allows

the user to select the materials representing each

core element.

3.1.2.3.2.2 Stone

The left table at the top of this sub-tab displays each entity (closed polylines). The right table
displays the vertices for the selected entity.

General Input Parameters  Mine Map | aModel Grids  LaModel F1 Output File  Latdodel F1 Output Charts Summary  Progress Logs

tanage Mine Map and Impart Palylines  Generate Giid from Imported Polyines  Manage Imported Grids

- x

-~ X

— 16 5

Drag a column header here ta group b Drag a column header here ta group by that co
Cods Active Mode  Closed Order Active  ¥-Coord *-Coord
FHloo a 0 @ 1 1 0.0o 0.0o
Filo0z ] 0@ 2 1 40.00 n.00
Filo0z a 08 3 1 40.00 40.00
ag ] 0@ 4 1 n.00 40.00
FilO0g a 08 g 1 n.0o n.0o
PO ] 0@
Fili? a il -}
FilDog (-] o e
Benl01 [ -] 2 @8

Plot Dptiong

ml Plat Imported Mine Map [0 Plot Codes .
Text Height 10 (i3

Export Imported Mine Map [and Grid]

Iraport Grid Information

Miniraurn # Mawimum ¥
-100 400
Minimum v M aximum v
-100 400
Element \width
10

Preview Grid Area

Generate Grid and Overlay to Map

Code Angle 45

Mum Elem Layer for Pillars
50 0
MNum Elem ' Layer tar Benched Pillars
50 Bench
Tatal Elemnents
3600
Fillar Core  Bench Core
A L

Preview LaModel Grid

Cancel Grid Generation

Shiove LatModel Grid

Deeterming Core Grid
Characters

K 2008 ¥: -175.37

The Plot Options region allows the user to plot the layers imported from the previous sub-tab.
The progress bar will activate once grid generation begins.

StabMap
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The Import Grid Information region allows the user to generate the grid. The user should first
input the minimum and maximum X & Y coordinates in their respective bars. The element width
should then be input in the Element Width bar. The Number of Elements in the X and Y directions
will populate automatically, as will the number of Total Elements. Note that the number of
elements in both dimensions must be divisible by 10. This is due to the nature of the LaModel
processor.

The Layer for Pillars and Layer for Benched Pillars will populate based on the previous sub-tab.
The Pillar Character and Benched Character will populate based on the material codes. These
refer to the core element for each material set.

Button Functions

@ Plat Imported Mine Map Displays the imported pillar and gob layers.

Exports the imported layers and generated grid to a

@ Ewpart Imported Mine kap [and Grid] new .dxf or .dwg file.

Preview Grid Area Displays the grid area outline.

Generate Grid and Owerlay to Map Generates the grid.

Preview Latodel Grid Displays a preview of the previously generated grid.
Cancel Grid Generation Stops generation of the grid.
Show Lakdodel Grid Opens the Manage Imported Grids sub-tab.
Determine Core Grid Calls and displays the core pillar and gob element
Characters characters from the selected material set.
3.1.2.3.2.3 Core Grid Characters

This window allows the user to view a summary of all materials and select one to represent each
core. The Parameters region displays input bars for the pillar, gob, and benched pillar core
materials.
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[El Select Core Characters pod

b aterial Set Mat Mumber Cod kat Type  Set#f Elastic Modt Shear Modu Paiszol Parameters
b atSet0l 1 - 1 1 EBEFLFIR 2779890 Seam Humber
MatSet0z 2B 3 1 EET17IE 1
ac 3 1 EE7L7HE _
4D 3 1 BE7L7IE Fillar Core
5 B 3 1 BE7LTH A
BF | 3 1 BETLTH Giob Core
76 2 1 BETLTH
8 - 3 1 EE7.735 Bench Caore
sl £ 1 BETLTH L
] | 3 1 BETLTH —
1 [ 3 1 BETLTH
ﬂ Cloze
ﬂ Apply and Cloze

Button Functions

Applies the selected core characters and displays

Apply and Cl . .
ﬂ PRl ane Lose them in the appropriate bars.

3.1.2.3.3 Manage Imported Grids

This sub-tab displays the generated grid in text form, with only three characters displayed: one
for entries, one for pillars, and one for gob (coal) or benched pillars (stone).
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General Input Parameters  Mine Map  Latodel Grids  LaModel F1 Output File  LaMode! F1 Output Charts

Manage Mine Map and Impart Polyines  Generate Grid from Imparted Palylines
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27 11111111111111111111111111111111111111111111111111

1111111111111 1111111111111111111111111111111111111 21 1111111111A2AR1111ARRAIIIILLLLILIILLLLII1111111111
11111111111111111111111111111111111111111111111111 32 1111111111ARRRIIIIARAARIIIILLLLILIIILLLLILILI111111111
4 » $3 11111111111111111111111111111111111111111111111111

3.1.24 LaModel Grids

Grid work occurs in the Manage Grids sub-tab and is displayed in the Color Grid sub-tab.

3.1.2.4.1 Manage Grids

Grids may be imported and exported using the icons on the right of the tab. After import, "Show
Grid" must be selected to display the grid. To apply yield zones (material properties), the correct
Seam Number, Step Number, and Set Number values must be input. After applying the zones, the
Color Grid sub-tab will activate.

StabMap
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General Input Parsmeters  Mine Map  LaModel Grids [ aModel F1 Dutput File  LabModsl F1 Output Chatts Summary  Progress Logs

tanage Grids  Color Grid

Seam Mumber 1 2 Step Mumber 1 5 B Show Giid Apply'vield Zones  SetNumber 1 -3 50

Drag a column headsr here to group by that columm Import from Mine Map

Seam Step Order Grid Line

1 111111111111131111111111111111113111111311111111111 Import fram Excel
2111111111111111111111111111311111111111111111111111 .
glmpurlhumTExlflle
211111111111111111111111111111111111111111111111111
411111111111111111111111111111111111111111111111111
Expoit to Excel
5 11111111111111111111111111111111111111311111111111
€1111111111111111111111111113111111131111111111111111 gEKDDIttDTEX"I'E
711111111111111111111111111111111111111111111111111 e
5 111111111111111111111111111111111111113111111111111
$111111111111111111111111111111111131111111111111111 QEKDDIttD\_‘amPTB
Tentfile

10011111111111111111111111111111111111111111111111111

11 11111111111111111111111111111111111111111111111111 Replace Characters

12 1111111111111111111111111113111131111111111111111111 Replace: _
13 1111111111A232111123R1111LLELI111LEEL111111111111]
14 1111111111A22R1111A28R21111LLLLI11ILELL111111111111 With: =
151111111111A22R111128R21111LLLLI111LELL111111111111
Replace Al

1€ 1111111111A3RR11112ARR1111LLL01111LELE111111111111
17 11111111111111113111111111131111111111311111111111

Copy Grids
18111111111111111111111111111111111131111111111111111

Copy Grid FROM

1%11111111111111111111111111111111111111111111111111
20 11111111111111111111111111111111111111111111111111

SeamMumber 1 5

(7]

21 1111111111ARRRAIIIIAZAR]I111LLLLIILILLLLI11111111111 Step Mumber 1 o
22 1111111111RARR1111ARRR1111LLLLI111LEIL111111111111

Copy Grid TO
23 1111111111A32R11112AR21111LLL01111LELE111111111111 ~
24 11111111113A232111123R%1111LLELI111LELL111111111111] SeamMumber 1+
28 11111111110111101111121112121231112121111111111111111 StepMumber 1 5
26 111111111111111111111111111111211111111111111111111
27 111111111111111111111111111111131111111111111111111 Copy Giid

22 11111111111111111111111111111111111111111111111111

25 1111111111RAX3R111123AA111ILLELI111ILEEL111111111111

30 1111111111AAARI111AARAIIIILLLLIIIILLELI11111111112
31 1111111111A22R111122A821111LLELI111LEEL111111111111

R R R i R R R R il e R i R R R i R R R R R R i =R R R
R i i e e e e e R e e R R e R e R e i e R R R R e e

At any point after import, values may be altered using the Replace Characters region.
Grids may also be copied from one seam and step to another using the Copy Grids region.

Button Functions

Applies the selected material properties set to the

Apply ield 2 :
PPl Tield ~ones grid of the selected seam and step .

Impart fram Mine Map Imports the generated grid from the Mine Map tab.

Allows the user to import grid values from an Excel

Irmpart from Escel .
B imp file.

£ Impart fram Textfile Allows the user to import grid values from a text file.

Expart ta Excel Allows the user to export grid values to an Excel file.
£ Export to Textfile Allows the user to export grid values to a text file.
=) Expart ta LamPre Allows the user to export grid values to a text file

Textfile formatted to be input to LamPre.
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=
)
=
=
©
=

Replaces all instances of the input character with the

new character.

Replace Al

Copies the active grid from the selected FROM

location to the selected TO location.

Copy Grid

3.1.2.4.2 Color Grid

The Color Grid sub-tab displays a plan view of the grid with applied yield zones. Characters may

be changed manually in this window.

General |nput Parameters  Mine Map  LaModel Grids  LabMadel F1 Output File  Labodel F1 Output Charks Summary Progress Logs

Color Grid

Manage Grids

+|

20

B Show Grid

-
-
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LaModel F1 Output File

3.1.25

The LaModel F1 File tab allows the user to load and save F1files. It also allows for a preview of

the file to be shown.
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Main Menu

General Input Parameters  Mine Map  LaModel Grids  LaModel F1 Output File | aModel F1 Output Charts  Summary  Progress Logs

F1 File Mame
Huff Creek.f1

F1 File Mame Extension
il

F1 File Size [bytes]
2160440

F1 File Date Loaded

Elemerts - Total
22500

Elements along X

180

Order  Output ltem

1 Seam Convergence
2 Total Vertical Stress
3 Overburden Stress
4 Multiple Seam Stress
5 Element Strain 5F

E Pillar Stress SF

7 Pillar Strain SF

Unitz

psi

Strain Safety Factor
Stress Safety Factor
Strain Safety Factor

Elements along

08/28/202511:14:29 180
Steps
]
Load F1 from File Clear Preview
Delete F1 from Scenario Preview File
|| Re-Download
Progress Log
-
v
4 »

Button Functions

Load F1 fram File

Delete F1 from Scenario

Clear Preview

Preview File

3.1.2.6

Allows the user to select and load an F1file.

Deletes the selected F1 file from the scenario.

Clears all data from the preview, making it blank.

Displays a preview of the data in the right window.

LaModel F1 Output Charts

The LaModel F1 Output tab contains four sub-tabs; Grid, Charts, Contours, and Colored Square

Plot.

StabMap
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3.1.2.6.1 Grid

The figure below shows a grid associated with the selected stress itemin an F1file. The grid is

displayed as numeric values in the units shown in the stress item.

General Input Parameters  MineMap  LaModel Grids  Latode! F1 Output File  LabModel F1 Output Charts  Summary  Progress Logs

Order Output ltem

1 Seam Convergence
2 Total Verical Stress
3 Owerburden Stress
4 Multiple Seam Stress
5 Element Strain SF

E Fillar Stress SF

7 Pillar Strain SF

Units

ft

psi

psi

psi

Strain Safety Fac
Stress Safety Fa
Strain Safety Fac

Button Functions

Fopulate Gnd

oo Out

Zoom In

Export To
Carlzon Grd

E=port Grid

Ex=port i.val

StabMap © 2025 Ben Diddle & Zach Agioutantis

Grid Charts Contours Colored Square Plot

Mel 2 3 4 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Populate Grid

Decimals: 1

Step: 1

Zoam |n

Expart To
Carlson Grid

Export Grid

Export i,jval

Populates values for the selected output item into
the grid.

Expands the amount of visible elements in the right
window.

Contracts the amount of visible elements in the right
window.

Exports the selected output index to a Carlson grid
(.grd) file.

Exports the selected output index to an Excel file.

Exports an "i,j,value" Excel file where i is row, j is
column, and value is the value.



Main Menu

3.1.2.6.2 Charts

The Charts sub-tab allows the user to display cross sections along the X and Y profiles for the
selected stress item. It also allows for the results for each section to be exported to Microsoft
Excel.

General Input Parameters  Mine Map  LaModel Grids  LabModel F1 Output File  LaModel F1 Output Charts  Symmary  Progress Logs

Order Dutput Item Units Grid  Charts  Cortours  Colored Sguare Plot
1 Seam Corvergence ft H-Section  Y.Section
2 Total Vertical Stress psi
. la]
3 Overburden Stress psi Row: i
4 Multiple Seam Stess psi Step: 1Ll X-Section
2 -
5 Element Strain SF Strain Safety Fac — E
Decimals: 15 :
E Pillar Stress 5F Stress Safety Fa =] s
7 Pillar Strain SF Strain Safety Fac 5.2 ] | | | T | | | Y
Chart ¥-Section 504 | | | | | | | —1.9
- = 0.0
4.8 T T T I | I I — 0.0
Export ¥-Section 46 ] | | | | | | | 53
3 ! ! ! ! ! I I —23
8 Show Legend i —23
4.2 ] 1 1 1 1 1 1 1 g
Flot &1 Steps .
e b o~ 4.0 . . . . . . . —2.3
2 3.8 4 —2.3
g e — 0.0
£ o E 1 1 1 1 1 1 1 . gg
5 3.4 1 1 1 1 1 1 1 — 2.
M-Section T =3 |_| — 2.2
w 3.2 | ! | ! | ! ! -
140 8 3.0 : : : : : : : s
@ 3 — 2.2
&
@ 2.8 1 ! 1 ! I ] ] -
120 = ool | | | | | | | —232
= “‘: —2.2
2 100 a 2.4 T 1 T 1 T 1 1 —2.2
E 5 2.2 |—| |—'| T 1 T 1 T T —2.2
= ap | = |—| — 0.0
= 5 2.0 4 E . ' : i . . =
1 = 2.1
_‘:; &0 a 1.3 1 T |—‘|_| T 3 T T —2.1
= 1.6 1 | I I ! ! —21
40 | . - 1.4 | ] ] ] ] -1
B —2.1
20 1.2 9 1 T T T T —2.1
1.0 4 ! I I ! ! — 0.0
- 1 0.8 —on
50 100 15¢ 0 ] | | | | | —oo
Grid Column Number : -7
0.4 4 ! ! | ! Il I ! —1.7
- 1.7
e — 1.7
T T T T T T T - 1.7
20 40 60 80 100 1z0 140 — 0.0
Element Number — 0.0

The map in the bottom left of the window displays the location of the cross section.
Selecting "Show Legend" will display the legend for the selected index.
Selecting "Plot All Steps" will plot the cross section for each step on the same chart.

Button Functions

Charts the selected index across the specified cross

Chart #-5Section .
section.

Expart #-Section Exports cross section data into an Excel file.

3.1.2.6.3 Contours

The Contours sub-tab allows the user to contour the results for the selected stress index.
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Main Menu

General Input Parameters  Mine Map  LaModel Grids  LaMode! F1 Qutput File  LaModel F1 Output Charts Summary  Progress Logs

Order Output tem Units Gd Charts  Contours  Colared Square Plot
1 Seam Convergence ft
2 Total Werical Stress psi Flot Contours
3 Overburden Stress psi S 70
4 Multiple Seam Stress psi [ ] lanere Zern

- - Values w12
5 Element Strain 5F Strain Safety Fac 1

B Fillar Stress 5F Shess Salety Fa Step: = &0 t . L . - ]

T Fillar Strain 5F Strain 5 afety Fac PDiH[SE ‘ . - l
22500 50 | | : - |
B Fill Levels | | | | . . .

Contour Leveks 40

-
HRW D oD

[ ko |

Zan t LI LE N TN '.
-
L

Zmax 20
12

2| FE BN
Zlnterval
.

1| 10

Contaur Region T T T ¥ T T T T T
[C] Use Region

From Row

From Colurnn
-
L

To Colurin

=

In the Contour Levels region, deselecting "Auto" allows the user to customize the range and
interval for color coding.

In the Contour Region region, selecting "Use Region" allows the user to zoom in on asmaller area
of the map.

Button Functions

Plot Contours Plots contours for the selected index.

3.1.2.6.4 Colored Square Plot

This section still under development.

3.1.2.7 Summary

The Summary tab is displays information for all scenarios in the project.
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3.1.28

3.13

StabMap

General  Input Parameters

Mine Map  Latdodel Grids

Latdodel F1 Output File  Labdodel F1 Output Charts

Summary  Progress Logs

SC_CODE
180417_Parels 22
180417_Panels 22_v2
180417_Panels 22_v3
Benching_Test_v1
Buch_1

Buch_1 (1]

Buch_1_v2

Buch_1_+3

Buch_28 RT_Lam3_1
Buch_28 RT_Lam3_1_v2
Buch_28 RT_Lam3_1_v3
Buch_28 RT_Lam3_2
Buch_28 RT_Lam3_2_v2
Buch_28 RT_Lam3_2_v3
Coal MonCCC_tg_w4
Coal MonCCC_tg wd_w2
Coal_MonCCC_tg_wd_w3
MonCCC_tg_ V4
MonCCC_tg_wd_w2
HAT_LAM

Nad_LAM_ w2

Nl _LAM_+3
MNewmnar_Example
Mewman_Example_w2

Newman_Example_«3

Progress Logs

SC_DESCR
Buchanan-180417

Scenariol1 Description
Scenarioll Description
Buchanan-tSHA, Model 4
Buchanan-tSHA, Model 4 (1]
Scenarioll Description
Scenarioll Description
Buchanan-M5HA, Model 1 & 2
Scenarioll Description
Scenariol1 Description
Buchanan-M5HA, Model 1 & 2
Scenarioll Description
Scenariol1 Description
Scenariol3 Description
Scenariol3 Description
Scenariol3 Description [1]
Deniz

Scenariol1 Description
Scenarioll Description [1]
Scenarioll Description
Scenarioll Description [2]
Scenarioll Description
Scenarioll Description

Scenarioll Description

SC_COMMENT

SC_ACTIVE SC_UMITS SC_DATE_CREATED SC_DATE_MODIFIED SC_MAP_FI SC_MAP_FILE_MAI S

1

0 07/02/20251310:18
0 07/02/202513:17:44
0 07/03/202510:32:43
0 08/14/2025 07:43:53
0 07/02/2025 13:51:59
0 07/11/2025 10:06:20
0 07/02/20256 13:62:29
0 07/03/202512:41:51
0 07/02/2025 13:34:10
0 07/02/202512:37:31
0 07/03/202512:48:50
0 07/02/2025 13:50:47
0 07/02/2025 13:51:09
0 07/03/2025 125353
0 07/08/2025 07:37:54
0 07/08/2025 07:33:33
0 07/08/2025 07:38:21
0 07/02/2025 141340
0 07/02/202514:14:42
0 07/14/2025 08:27:17
0 07/14/2025 08:2815
0 07/14/2025 08:27.21
0 07/03/2025 08:40:01
0 07/03/2025 08:47:48
0 07/09/2025 08:48:04

08/20/2025 11:38:35
07/09/2025 14:31:13
07/08/2025 07:35:38
09/15/2025 134317
08/18/2025 12:42:44
0712/2025 16:46:31
07 A0/2025 16:10:47
07/11/2025 08:14:58
08:/18/2025 09:54:27
07/03/2025 14:31:51
07/08/2025 08:28:09
08/18/2025 10:00:42
07/09/2025 14:32:24
07/08/2025 08:23.00
08/18/2025 10:02:43
07/08/2025 07:44:48
07/08/2025 09:07:01
07 /0372025 12:20:39
07/02/2025 14:14:54
08/18/2025 10:04:06
07/14/2025 05:41:36
07/14/2025 08:41:55
08/18/2025 10:06:55
07/09/2025 16:19:16
07/09/2025 16:19:27

43122 StabMap_Benching .c

The Progress Logs tab allows the user to see the progress of selected functions.

Select Project

The Select Projects window allows the user to choose the current project. The window initially

displays all active projects, selecting the "ALL Projects" check-box in the bottom left will display
all projects in the program. Once the desired project is selected, the user will be returned to the
Main Menu and the selected project will be listed in the bottom left as the Current Project.

[E Select Project b4
Drag a column header here to group by that column

Project Code Active  Scenarios
Project 01 I I
Project_01_Metric a 2
Project_02 Buchanan Mine [~ 4
Project_03 Projectil Dezcription [~ 2
Project_04 Projectl] Description a8 B
Project_05 Test Grid (] 4
Project_0OE Extermal_Data (] 46
Project_0E_Metric Extermal_Data a E
Project_07 Buchanan Barmer Fillar [~ E
Project_0O8 Update for Extemal Data [~ 3

(JALL Projects Select and Cloze
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3.1.4  Exit Program

Selecting "Exit Program" under the Projects tab will close the program.

3.2 Tools

The Tools tab comprises one option: Converting Carlson Grids into TOP Grid File.

3.2.1 Convert a Carlson Grid File to TOP Grid File

LaModel utilizes a .top file to account for varying overburden depth. Though grid files (.grd) are
nearly identical in form and function, they are unable to be read by the program. This tool allows
the user to easily convert such grid files to the appropriate form, beginning in the Carlson Grid
sub-tab.

To be used by LaModel, the .top file should be share the name of the .inp file and be placed in the
same folder. LaModel will automatically read it when run with the "Input Overburden Depth from
File" check-box is selected in Input Parameters. Note that this grid should represent the
overburden depth, not the actual elevation.

3.2.1.1 Carlson Grid

First, select the Carlson grid file to be converted. NOTE: grid files must be in ASCII format, not
Binary. The default setting in Carlson produces binary files, soitis likely the settings must be

changed.
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Main Menu

[=] Converta Carlson Grid to a LaModel TOP grid ? X
Carlson Grid | atModel Topo Grid  Help

0.0000
0.0000 E o
4.0000 Select and Load Carlson Grid File
5.0000
5.0
40

Mumber of Rows: 38
Murmber of Cols:

Current Row:

% Convert Loaded Carlson Grid

B Convert feet ta inches

Mumber of TOP Header rows:
Murmber of TOP Grid rows:

Show Converted Latodel TOP Grid

R R R R R o R e = -

ﬂ Cloze

4
Make Grid File

khdatheAd: Trismenlabioe

Selected File: C:WUsershBen DiddlehOneDrive - University of Kentucky[1] Graduate SchooltProjectshStabMaphFiles_For_Comparison'T esting_Grids\Carlzon_Grid.grd

If the file is large, the user will be prompted to display only the header lines. This will not affect
the conversion, only speed it up. Once loaded, the file may be converted. Ensure the "Convert
feet to inches" check-box is selected.

Button Functions

Select and Load Carlson Grid File Allows the user to load a Carlson Grid File.

3 Convert Loaded Carlson Grid Converts the file into a .top file.

Show Converted Labdodel TOF Grid Displays the converted file in the next tab.

3.2.1.2 LaModel Overburden Grid

The converted file will be displayed here. If large, only the header will appear. The file may now
be exported.
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[E] Convert a Carlson Grid to a LaModel TOP grid 7 X

Carlson Grid  Labodel Topo Grid - Help

120, 120054, 0000 0000 3000 a
1.,0verburden Depth
1lknch

1 Export to TOF file

Button Functions

3 Expart ta TOP file Allows the user to export the .top file.

3.2.1.3 Help

This routine converts a Carlson Grid file to a LaModel TOP file.
e if the inputisin feetit will convert to inches.
o if the inputis in meters, it will keep itin meters

Notes1:

o A Carlson grid with 100x100 cells has 101x101 grid points

e ATOP grid with 100x100 cells has 100x100 grid points, which correspond to the center of each
Carlson cell.

Notes2:

e The imported GRID file should be in ASCIl format

e There are no other options to set before import as a Carlson Grid file has a well defined format.
e The name of the currently selected file forimportis displayed below the grid.

e Upon conversion, feet are converted to inches and the header is changed to that of a TOP file.

e The TOP file can be exported as an ASCII (text) file

e Errors during data import are logged.

Notes on Carlson Software Grids and LaModel Grids:
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A Carlson grid (.GRD) file has the following format:

Line 1is the lower left Y coordinate

Line 2is the lower left X coordinate

Line 3is the upperright Y coordinate

Line 4is the upper right X coordinate

Line 5is the number of grid cells along the X axis

Line 6is the number of grid cells along the Y axis

The grid generator generates a grid that has NX+1 nodes along the X axis and NY+1 nodes along
the Y axis. All calculations are based on the grid notes.

The rest of the lines are the Z values of the grid intersects starting from the lower left movingin
the left to right direction and ending at the upper right.

If the intersect has no value, the letter 'N'is saved instead of the Z value for Null values.

Annotated Example of Carlson Grid

337906.7268 (ymin)

1028543.4120 (xmin)

339086.7268 (ymax)

1030663.4120 (xmax)

106.0 (nx=number of cells along x; there are nx+1 points for nx cells)

59.0 (ny=number of cells along y; there are ny+1 points for ny cells)

2289.887 (elevation of first point; points are listed row by row, left to right and from the bottom
up)

2292.6615 (elevation of second point)

A LaModel Grid is specified using

e The lower left X coordinate, the lower left Y coordinate
e Grid cell size (same for X and Y)

e Number of Grid Cells in the X Direction

e Number of Grid Cells in the Y Direction

LaModel Grid calculations are performed at each element and they can conceptually be assigned
to the center of each element ((e.g., the middle of ABFE).

When a LaModel grid is saved into an INP file, then it is saved row by row and the first row
corresponds to the top row of the grid.

A LaModel TOP file, follows the same convention, i.e. it is specified using
e The lower left X coordinate, the lower left Y coordinate

e Grid cell size (same for X and Y)

e Number of Grid Cells in the X Direction

o Number of Grid Cells in the Y Direction

Note that LaModel grids and Carlson grids need to be aligned so that the seam and topo grids line
up.
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<€4—Num Elem X—»

«—)\ W33 WNN—»

Cell Valu Q e O O
A
&\?YX\F G H
LaModel _—¥ © ©
Grid Origin AN B /C D
Carlson
Nodes

3.2.14 Debug

This tab is activated by a check-box under Settings.

3.3 Options

The Options tab allows the user to access two windows: Settings and Backup / Restore Database.

3.3.1 Ssettings

The Settings window comprises six tabs:
General
LaModel Program

Backup

Updates
Update Database Structure

Setup a New Database
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3.3.1.1 General

The general tab under settings is shown below.

[= Settings *

General Backup Updates Update Database Structure

Full D atabase Filename
ChUzers'Ben DiddlehD ocumentz MyStabMaptStabbap FD B Browse

B T ta Connect to DB upan Exit from Settings
[ Show Debug Infa

Altemate Database Filename
C:4Users\Ben Diddie\D ocuments\5TABMAP_SECOMD FDB Browse

B Show Toggls Button

Shaow Disclaimer Options
() Always Show Disclaimer at Program Startup
O Accept "End User License Agresment” for the Cument and all Future sessions. Do not Show "End User Licenze Agreement”’ at Program Startup

Application Log Files
] Never Delete Log Files

Days to Keep Log Files: 30

Ok

The utility of each of the fields in the general tab is explained below:

1.

The Full Database Filename field displays the file location of the primary database file (.fdb).
The user has the option to move the database file to any location and then specify that
location in this field.

Selecting the "Try to connect to DB upon exit from Settings" check-box will prompt the
program to connect to the selected database file when the settings window is closed.
Selecting the "Show Debug Info" will allow for certain debug information to be displayed in
progress logs and/or the program log file. To do so, several debug tabs throughout the
program will be activated.

The Alternate Database Filename displays the file location of the secondary database file
(.fdb). The user has the option to move the database file to any location and then specify that
location in this field.

Selecting the "Show Toggle Button" check-box will generate a Toggle button on the Main
Menu. This button can be used to switch the database file that the program is connected to
immediately.

The Show Disclaimer Options region allows the user to determine whether the disclaimer will
appear every time the program starts up.

The Application Log Files options allow the user to determine the amount of time that log files
are kept on the hard drive. The default duration is 30 days.

Selecting the "Never Delete Log Files" check-box will retain the log files indefinitely. Log files
are stored under Documents\MyStabmap\logs.
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3.3.1.2 LaModel Program

The LaModel Program tab under settings is shown below. It allows the user to select the file
location for both the LaModel executable file as the resulting INP, F1, etc. files. The executable
file should be stored in the same location as the StabMap FDB file to allow functionality.

= Settings *
General LaModel Frogram  Backup Updates  Update Database Structure Setup a New Database

Folder Specification for the Labd odel Program [Executable)
C:AUzers\Ben Diddle\D ocumentstMyStabkd ap', Browse

Folder Specification for S aving the Labdodel INP, TOF, et files
C:AUszers\Ben DiddlehD ocumentstMyStabM apscenarios Browse

ok

3.3.1.3 Backup

The backup tab under settings is shown below.
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= Settings *

General Backup  Updates  Update Database Stucture

Folder Specification for Firebird [Bin]
C:\Praograrn Files\Firehird4Firebird_2_S4bin

Browse
Folder Specification for Backups
CagershBen Diddlet DocumentstpStabl aphbackup Browse

oK

The utility of each of the fields in the backup tab is explained below:
1. The Folder Specification for Firebird (Bin) field displays the file location of Firebird Runtime.

2. The Folder Specification for Backups field displays the file location where database backup
files are stored.

3.3.1.4 Updates

The updates tab under settings is shown below.

[=] Settings *

General Backup Updates  |pdate Database Stucture

Application Updates
L e Select Folder for Program Updates

© 2utomatically Check for Updates Every Time this Application is Executed Dfaut

() Manually Check for Updates
(") Mewver Check for Updates

Check for Updates

Downlaad Update

Install Update

Alternate Folder Specification for Downlading Program Updates

C:AUszershBen Diddle\appD atatLocal Browse

0K

StabMap
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The utility of each of the fields in the updates tab is explained below:

1

The Application Updates region allows the user to determine how the program checks for
updates.

Selecting "Automatically Check for Updates Every Time this Application is Executed" will
prompt the program to search the server for updates whenever it is initiated.

Selecting "Manually Check for Updates" will prompt the program to immediately search the
server for updates.

Selecting "Never Check for Updates" will prompt the program to stop searching the server for
updates upon initiation.

The Select Folder for Program Updates allows the user to change where the program looks for
program updates.

Selecting "Default" will save downloaded installers in the default folder, which is C:
\Users\Username\AppData\Local\StabMap

Selecting "Alternate" will save downloaded installers to the folder specified in the Alternate
Folder Specification for Downloading Program Updates field at the bottom of the tab, which
displays the precise file location for that folder.

3.3.1.5 Update Database Structure

The update database structure tab under settings is shown below.

[E] Settings *

General Backup Updates Update Database Stucture

[ atabaze Filenarme to be Updated
C:AUzershBen Diddlet\Docurents\S TABMAP_SECOMD.FDB Browse

Update Stiucture of Selected D atabaze

oK

The installer only updates the active database.

When working with multiple databases, other databases will need to be updated manually
before being utilized in the program. This feature allows the user to select other databases to be
updated to the structure of the latest version.
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3.3.2

This tab allows the user to create a new database.

The program will disconnect from the current database, copy that to a new database named
"archive_yyyymmddhhnn" and will create a new (blank) database with the same name as the
current database. The user can access the previous database by connecting to the
"archive_yyyymmddhhnn" database.

Once created, the database may be linked to the program by providing the file location and name
under the General tab.

Button Functions

Setup a Mew Database Creates of a new database.

Backup / Restore Database

The Backup tab allows the user to create a backup of the database. Backing up the database in this
manner cleans up any incomplete records or transactions and reduced the file size of the
database.

Backup and Restore Database to / from File X

Backup Restore

A
v

4 [

Backup Options

© &uto Backup

() Execute BACKUP.BAT in cument directary Backup Database

ﬂ Cloze

Selecting the Auto-Backup option will execute a simple one line script to backup the database
into the folder specified in the Settings tab.
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Selecting the Execute Backup.BAT in Current Directory option allows the user to build their own
DOS script to backup the database.

Button Functions

Backup Databaze | Executes the database backup.

The Restore tab allows the user to restore a backed-up database to a format usable by the
program.

Backup and Restore Database to / from File *

Backup FRestore

Restare Options

0 2uto Restare () Execute RESTORE.BAT in current directary

4 »

The databaze will be restored to a new databaze named: date-name of curent database .
Select the GBAE. File and click "Restore Databaze" select File

Restore Databaze

ﬂ Cloze

Selecting the Auto-Restore option will execute a simple one line script to restore the database.

Selecting the Execute Restore.BAT in Current Directory option allows the user to build their own
DOS script to restore the database.

Button Functions

Select File Selects the file to restore

Festore Databaze Executes the database restoration.
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34.1

3.4.2

343

344

3.4.5

Help

The Help window contains six options; Context Sensitive Help File, StabMap Users Manual,
Resource Files, Updates, Disclaimer, and About.

Context Sensitive Help File

The Context Sensitive Help function allows the user to access help files for each aspect of the
program. Press F1 on any open form and the respective help window will be displayed.

StabMap Users Manual (PDF)

Selecting this option will open the PDF version of the StabMap Users Manual.

Resource Files

This window houses a library of tutorial videos walking through the workflow of the program for
both coal and stone scenarios.

[=] Rezcurce Files b4

Avalable Videos

M _Creating a Project, Scenanio, and Imparting an IMP File. mpd
0Z2_lnput Parameters. mpd i

03_Mine Map.mpd Flayideo
04_Lakodel Grids and 5 aving to IMP.mp4

ﬂ Cloze

Program Updates

The Program Updates option accesses a help file form that contains information regarding each
specific program update.

Disclaimer

Selecting Disclaimer will open the Disclaimer window, the same that appears upon program start-
up.
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End User License Agreement

This End User License Agreement ('Agreement’) is between You and Owners (defined below) and
governs your use of the StabMap software and its documentation.

By using StabMap, You are agreeing to be bound by the terms and conditions of this Agreement. If
You are not willing to be bound by this Agreement, do not download, install, or use StabMap.

Grant of License

Owners grant You a personal, revocable, nonexclusive, nontransferable, limited license to
download, install, and use StabMap subject to terms and conditions set forth in this Agreement.

Except as otherwise restricted by this Agreement, StabMap and any information derived from its
use may be used by You for any lawful purpose, including educational, research, regulatory, and
commercial uses.

Restrictions
You may not sell, charge for, sub-license, rent, or lease StabMap.

You are not permitted to decompile, disassemble, reverse engineer, or otherwise attempt to
discover the source code of StabMap (except as expressly permitted by applicable law).

You may not repackage, translate, adapt, vary, modify, alter, create derivative works based on, or
integrate any other computer programs with StabMap, in whole or in part, without the express
written consent of Owners

(except as expressly permitted by applicable law).

Warranty Disclaimer

OWNERS MAKE NO REPRESENTATION OR WARRANTY OF ANY KIND, WHETHER EXPRESS OR IMPLIED
(EITHER IN FACT OR BY OPERATION OF LAW) WITH RESPECT TO StabMap, INCLUDING, WITHOUT
LIMITATION, WITH RESPECT TO THE SUFFICIENCY, ACCURACY, OR UTILIZATION OF, OR ANY
INFORMATION OR OPINION CONTAINED OR REFLECTED IN, StabMap, OR INFORMATION
GENERATED BY OR THROUGH THE USE OF StabMap. OWNERS EXPRESSLY DISCLAIM ALL
WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR
NON-INFRINGEMENT. StabMap and accompanying documentation, if any, is provided "as is".

Limitation of Liability

You are responsible for the consequences of any use of StabMap whether or not such use was
consistent with this Agreement.

In no event shall the Owners, or any authors, contributors, employers (including universities), or

other persons associated with the development and publishing of StabMap, be liable to any party
(including You or any of your directors, officers, employees, agents, representatives, contractors,
clients, or any third party) for direct, indirect, special, exemplary, incidental, or consequential
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damages (including but not limited to lost profits, procurement of substitute goods or services;
loss of use, data, or profits; or business interruption) however caused and on any theory of
liability, whether in contract, strict liability, or tort (including negligence or otherwise), arising
out of the use of StabMap and its documentation.

Governing Law

This Agreement shall be governed by the laws of the Commonwealth of Kentucky without
reference to its conflict of laws provisions. You consent to exclusive jurisdiction and venue of the
state and federal courts sitting in Kentucky.

Ownership of StabMap

StabMap was developed as a collaborative effort by Zach Agioutantis, and Deniz Tuncay with
support from Alpha Foundation for the Improvement of Mine Safety and Health.

Direct any inquiries concerning this Agreement to:
Zach Agioutantis

Department of Mining Engineering

University of Kentucky

Lexington, KY 40506

Miscellaneous

Failure to enforce any right under this Agreement will not waive that right. This Agreement may
be terminated by Owners at any time and for any reason.

This Agreement does not grant You the right to distribute StabMap. Parties may obtain a licensed
copy of StabMap by contacting the Owners or by downloading it from
https://minegroundcontrol.com/.

Although this license to use StabMap is provided to You without charge, Owners reserve the right

to charge maintenance fees, subscription fees, or other fees for future updates, expansions,
services, or related products.

About

The About window displays the version information, release date, and authorship information.
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StabMap e

Stability Mapping Software (StabMap)

Version: 01.00.01.33
Release Date: 2025-09-09

StabMap Development Team:
- Zach Agioutantis, University of Kentucky
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Using Carlson Grids in StabMap

4 Using Carlson Grids in StabMap

StabMap reads grid files in ASCII format, not binary. Carlson's default grid file (.grd) outputisina
binary format.

To switch the output file type, go to Settings > Carlson Configure > Surface Settings. Then uncheck
“Save Grids Using Binary Format” as shown below.

& Surface Settings X
Inverse Distance/LeastSq Modeling Parameters
Search Radius 10000.0 Max Samples | 20
Min Quadrant 0 Max Quadrant | 290

Specify Grid Resolutions as
() Number of Cells in X and Y (® Dimensions of Cell

X |50.00 Y | 50.00 Grid Precision |n 0000 v

Draw Contour Max Number of Rechecks for Crossings |19 j

_ | Save Grids Using Binary Forma

[] Simpn Tto Reduce Size
[[] Track TIN History Include Detailed Source Data
[ track Surface Data Changes

oK Cancel Help

StabMap © 2025 Ben Diddle & Zach Agioutantis



Lamination Thickness Calculation




Lamination Thickness Calculation

5 Lamination Thickness Calculation

Rock mass stiffness is largely determined by two parameters: rock mass modulus and lamination
thickness. To calibrate the model, it has been found most effective to keep the modulus the same
while varying the lamination thickness. The metric for calibration is realistic loading at the extent
of abutment zone. Because field measurements of abutment zones are difficult to obtain, it is
best to use generalized equations based on historical measurements. This process is detailed
below:

First, the known or estimated properties required for calculating the laminated load are input.

These include:

- The Rock Mass Elastic Modulus (E, psi), Rock Mass Density (¥, Lbs/in3), and Rock Mass Poisson’s
Ratio (v), which are generally weighted averages based on the geologic column.

- Seam Depth (H, inches)

- Seam Thickness (M, inches)

- Seam Elastic Modulus (Es, psi)

- Half Width of Panel (L, inches)

- Location of Point (x, inches)

An initial estimate for Rock Mass Lamination Thickness (¢, inches) is made. The following
calculations are conducted to determine the Laminated Load at Point X (W):

Lambda (4, inches) is calculated using Equation 1.

t
A= s (1

J12(1—0?)

Overburden Load (4, PSt) is calculated using Equation 2.
q=yx*H (2)

Parameter A (A, 1/inch) is calculated using Equation 3.

2E; (3)
EAM

Laminated Stress at Point X (7; (X), psi) is calculated using Equation 4.
0,(x) = qL * A x e=(40) (4)

Laminated Load at Point X (W, Ibs/inch) is calculated using Equation 5.

X
W= f 0,(x)dx =—mqL x e 4 + mqL (5)
0
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Next, calculations begin to determine the Mark-Bieniawksi Load at Point X (Wyp). First, the Insitu
Coal Strength (5;» PST) is input.

Extent of Abutment Zone (D, inches) is calculated using Equation 6.

_g2 |H (6)
D—9.3\/;*12

Percent of Gob Load on Abutment (m, percentage) is calculated using the process outlined below
(Equations 7-12):

An Abutment Angle (@, degrees) is assumed , 21 degrees is the default. Then the panel is
deemed supercritical or subcritical, based on Equations 7 & 8.

H *Tan(a) < L : Supercritical (7)
H *Tan(a) > L : Subcritical (8)

The Total Panel Load (TPL, Ibs/inch) is calculated using Equation 9.
TPL=2L+H+y (9)

The Ratio (R) is then determined using Equation 10 for a supercritical panel (Rss) or Equation 11
for a subcritical panel (Rs).

2
R
He2L  (2L)*
Ry =g e (11
2
Finally, the Percent of Gob Load on Abutment (m) is calculated using Equation 12.
2R
m=1-r0 (12)
Side Abutment Load (Ls, inch) is calculated using Equation 13.
Ls = mql (13)
Mark Abutment Stress (O-f(x)! psi) is calculated using Equation 14.
36Le G- (12

0= oy 14

Mark-Bieniawski Coal Stress (Se(x)) is calculated using Equation 15.
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S.(x) = S,(0.64 + 2.16(%) (15)

Marl-Bieniawski Load at Point X (W,,, lbs/inch) is calculated using Equation 16.

X 2
Wyp = [ Se(x) = 5,(0.64x + 1.08(%)) (16)
0

To calibrate, W and Wy 5 are made to be equal by varying the Location of Point, or, the value of x.
Once equal, this value of x is used in Equation 18 to determine the Rock Mass Lamination
Thickness (t, inches). You’ll remember that this t-value was assumed earlier in order to begin

these calculations.
_ H
Dyy= (5 E) *12 (17)

—2 -
_ 2E\J12(1—v )* Dyo—x (18)
E+«M In(1-0.9)

The new t-value is then plugged back into Equation 1, and the process is repeated iteratively until
the changes between previous and new t-values are effectively null.
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6 Material Model Generation

There are three different material model types in StabMap: Coal, Gob, and Stone.

6.1 Coal Properties Generation

Analytical equations based on empirical observations are used to generate seam material
properties in StabMap. These calculations are detailed below, utilizing English units.

The process begins with user input of several parameters:

- Elastic Modulus (E, psi)

- Poisson’s Ratio (v)

- Plastic Modulus (Ep, pSt)

- Coal Strength (S;, Psi)

- Seam Height (h, inches)

- Element Size (W, inches)

- Number of Seams (Ns)

Residual Stress Factor (RFs;ress), defaults to 0.2254.

Residual Strain Factor (RFStmm), defaults to 4.

Number of Zones (Nz), each zone is composed of one side material and one corner material.
This concept is displayed in the image below, where material pairs B & C and D & E compose
one zone each.

EDDDDE

Two zones surrounding the pillar core, which is represented by element A.

The Total Number of Models (M7) to be created is determined using Equation 1.

M, =2N, +1 (1)
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The Zone Number (Zn) for each model is determined according to proximity to the pillar core.
One pillar zone is composed of a side and corner model. The Zn for both the corner and side
models at the exterior of the pillar are designated “1”, while the highest Zn is reserved for the
pillar core. In the example displayed in Figure 1, materials D & E would be Zone 1, B & C Zone 2,

etc.

The Sequence Parameter (Sp) is then calculated using Equations 2 & 3.

1

Sps=Zn 3 @
2
Spc =Zn _§ (3)

Peak Stress is determined for each model using Equations 4 & 5 for side (Jpsmsi) and corner
elements (apc,psi), respectively.

=W
0ps = S;(0.64 + (2.16(S”ST)) (4)

Tpe = 5;(0.64 + (2.16(5’”; W)) (5)

Peak Strain is determined for each model using Equations 6 & 7 for side (€es) and corner elements
(€ec), respectively.

Ees = ? (6)
.
Eec = % (7)

Residual Stress (Gr,psi) is then determined based upon the material model type. For an Elastic-
Plastic model, the Plastic Modulus (E » PS1) takes over as the controlling parameter.

For a Strain-Softening model, Equation 8 is used to determine the Residual Stress for both side
and corner elements.

oy = 05(0.2254 x In(x)) (8)

Where %p refers to both ps & 9pc and x represents the element midpoint (ft), which can be
found using Equation 9.

_W(Z,—0.5)
B 12
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Residual Strain () for strain-softening models is determined using Equation 10.
& = 4eg, (10)
Where €e refers to both €es & €ec.

6.2 Gob Properties Generation

This section still under development.

6.3  Stone Properties Generation

Analytical equations based on empirical observations are used to generate seam material
properties in StabMap. These calculations are detailed below, utilizing English units.

The process begins with user input of several parameters:

- Elastic Modulus (E, psi)

- Poisson’s Ratio (v)

- Pillar Height (h, inches)

- Pillar Width (w, inches)

- Element Size (W, inches)

- Number of Seams (Ns)

- Rock Strength (Ty» PST), UCS x 0.92 for English units.

- Number of Zones (N;), each zone is composed of one side material and one corner material.
This concept is displayed in the image below, where material pairs B & C and D & E compose
one zone each.
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Two zones surrounding the pillar core, which is represented by element A. The character
representing the benched pillar core will vary depending on the number of zones.

The Total Number of Models (M7) to be created is determined using Equation 1.

M, =2N, +1 (1)

The Zone Number (Zn) for each model is determined according to proximity to the pillar core.
One pillar zone is composed of a side and corner model. The Zn for both the corner and side
models at the exterior of the pillar are designated “1”, while the highest Zn is reserved for the
pillar core. In the example displayed in Figure 1, materials D & E would be Zone 1, B & C Zone 2,

etc.

The Sequence Parameter (Sp) is then calculated using Equations 2 & 3.

1

Sps=Zn 3 @
2

Spc =Zn _§ (3)

Peak Stress is determined for each model using Equations 4 & 5 for side (Jpsmsi) and corner
elements (apc,psi), respectively.

_ 1.23*0'0 +W2.3 23 +W W13+13 W2_3 (4)
Ops = s+ )7 = 2300+ ) )"+ 130 =50

.3

Opc = 1.840’0 W (5)

Where x represents the element midpoint (ft), which can be found using Equation 6.

_W(Zy—05)

3 (6)

Peak Strain is determined for each model using Equations 7 & 8 for side (€es) and corner elements
(€ec), respectively.

Eos = ? (7)
(o
Eoc = % (8)
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