
1 

 

FINAL TECHNICAL REPORT 

January 1, 2010 through May 30, 2012 

 

Project Title:  IMPROVED ARTIFICIAL SUPPORTS AROUND MINING 

AREAS FOR ENHANCED PRODUCTIVITY 

 

ICCI Project Number:  10/3A-1 

Principal Investigator:  Y.P. Chugh, Southern Illinois University Carbondale 

Other Investigators: Harrold Gurley, William Bell, Behrooz Abbasi, and John 

Pulliam, Southern Illinois University 

Project Manager:  Joseph Hirschi, ICCI 

 

ABSTRACT 

An extensive research project, aimed at improving ground control and artificial supports 

around mining areas for safety and productivity, included the following tasks: 1) Analysis 

of joint patterns in immediate roof strata above No. 6 coal seam and assessment of 

anchorage performance of fully-grouted bolts in different lithologies in two Illinois coal 

mines using the short encapsulation pull test, 2) Analytical studies of intersections and 

set-up rooms for stability, 3) Performance evaluation of novel intersection support design 

using previously developed ATLAS 100S cribs in the field, and 4) Evaluation of current 

support systems used for bleeder entries and set-up rooms.  

 

A roof fall data base for the period January 1, 2005 through May 15, 2010 was developed 

for the two mines involved in the study. At Mine 1, most falls occurred in 4-way 

intersections with stand-up times of less than 60 days or greater than 120 days. Mine 2 

experienced most falls in 3- and 4-way intersections in isolated areas of transitional 

lithologies and they occurred between 0 and 90 days or after 180 days.  A novel 

intersection support design was field tested with good results. 

 

Grip factor and anchorage stiffness data were developed for grouted roof bolts in 

different lithologies at two mines immediately after installation and at 180 days and 270 

days after installation. Grip factor typically increased with time but anchorage stiffness 

typically decreased.  This was a significant finding affecting longer-term performance of 

bolts and ground control in coal mines in southern Illinois. 

 

A three-dimensional model of joints was developed for immediate roof strata above No. 6 

coal seam in southern Illinois. It is being applied to improve primary and secondary roof 

support as well as stability of set-up rooms in longwall mining.  Mechanisms of 

instability in set-up rooms at a longwall mine were identified in the field. This 

information has already been applied to develop an alternate geometry for improved 

stability in set-up rooms at the mine. It will also be used in planning future longwall 

operations. 
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EXECUTIVE SUMMARY 

 

The overall goal of this research was to improve artificial supports around mining areas 

for safety and productivity. More specific goals were to: 1) Document the long-term 

performance of grouted bolts when anchored in different lithologies, 2) Analyze 

intersection stability and support methods, and 3) Improve support systems for longwall 

bleeder and set-up rooms mining areas. Toward these goals, tasks included: 1) Analyze 

joint patterns in immediate roof strata above No. 6 coal seam and assess anchorage 

performance of fully-grouted bolts in different lithologies in two coal mines in Illinois 

using the short encapsulation pull test (SEPT), 2) Perform analytical studies of set-up 

rooms for stability, 3) Evaluate the performance of a novel intersection support design in 

the field, and 4) Evaluate the performance of currently used roof support systems in 

longwall bleeder entries and set-up rooms. This study was performed in the field at two 

mines in southern Illinois. 

 

To initiate the project, the research team met with a district roof control specialist for the 

Mine Safety and Health Administration (MSHA) to discuss roof control issues, roof bolt 

performance, seasonal-effects on bolt tension, roof deterioration, horizontal stresses, and 

mining practices. A roof fall data base for the period January 1, 2005 through May 15, 

2010 was developed and analyzed to define characteristics of roof falls. Joint mapping 

was done to determine joint orientations in three dimensions in selected southern Illinois 

mines.  Anchorage performance of fully grouted bolts in different lithologies at two coal 

mines in Illinois was studied using SEPT. These tests were done at two different times 

approximately 180 and 270 days after bolt installation. A borehole was drilled to one to 

two feet above the roof bolt anchorage horizon in each test area prior to installing test 

bolts.  These boreholes were examined with a camera to document changes in bed 

separations. Load cells monitored load changes in selected bolts.  In addition to grip 

factor (GF) measurements which were taken, anchorage stiffness (AS) data was also 

developed that provided interesting insights.  Numerical analyses were performed for 

intersections to assess areas of instability and approaches to improve stability. Since roof 

falls at one mine are controlled by geologic anomalies in the immediate roof, joint 

orientations were mapped so that they could be considered in planning primary and 

secondary roof supports. A brief study was undertaken to assess mechanisms of 

instability in set-up rooms and the best approaches to improve stability. These studies led 

to identification of an alternate geometry for set-up rooms and a novel wooden crib 

design for secondary support that could be implemented. The novel crib utilized the 

initial stiffness characteristics of the ATLAS crib support, developed by the research 

team in another project, to provide higher resistance to rock mass movements. The novel 

crib has been tested by the National Institute for Occupational Safety and Health 

(NIOSH) in their material testing facility to assess their capabilities and usefulness as 

supplemental supports in mines.   

 

The following results summarize major findings of the study: 

  

 For two mines in southern Illinois, the roof fall data base shows that at Mine 1, 

most falls occurred in 4-way intersections and in areas with stand-up times of less 
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than 60 days or greater than 120 days. Mine 2 experienced most falls in 3- and 4-

way intersections in isolated areas of transitional lithologies and they occurred 

between 0 and 90 days or after 180 days. 

 A three-dimensional model of joints was developed for immediate roof strata 

above No. 6 coal seam in southern Illinois. It is being applied to improve primary 

and secondary roof support as well as stability of longwall set-up rooms. 

 Results of GF and AS tests show that: 1) #6 rebar installation in 1.375-inch 

boreholes should be avoided, 2) Longer bolts seem to result in lower GF values, 

and 3) AS values vary much more than GF values.  Based on these results, the 

author believes that performance testing of grouted bolts should be based both on 

GF and AS-50 values because AS values represent the rock mass reinforcement 

potential while GF values represent the load carrying potential. 

 At Mine 2, AS-50 values for SEPT with larger diameter bolts and 24 inches of 

grout length were similar to those for #6 rebar bolts with 12 inches of grout length 

at Mine 1 implying low reinforcement potential for #7 rebar bolts in 1.375-inch 

boreholes and leading to a recommendation that the coal company reassess 

current bolting practices. 

 Numerical modeling results of set-up rooms support field data for one set-up 

room area. An alternate 3-entry mining geometry was developed for set-up rooms 

that should provide more stability. This geometry was implemented with success 

in set-up rooms for the longwall panel adjacent to the field study area. Additional 

more elaborate studies are currently underway at the mine to further improve 

ground control.  These results will also be used in planning future longwall 

operations at this mine as well as other longwall operations in Illinois. 

 A novel intersection support design for bleeder entries was tested with good 

results.  

 Mechanisms of instability in set-up rooms at a longwall mine were identified in 

the field. Data indicate two types of horizontal displacement: 1) The instrumented 

area moved initially toward the longwall panel from Day 0 to Day 7 before major 

roof caving began, then retracted from Day 7 to Day 13 after initial roof caving, 

and finally from Day 13 to Day 16 all areas moved back to or beyond the location 

on Day 7; 2) The amount of horizontal movement was directly proportional to the 

distance from the longwall panel with the largest movements recorded in the set-

up room area.   

 The observed rotational movement of pillars in the set-up rooms study area is also 

supported by data collected from crib rosettes. 

 

Overall, this study has enhanced the knowledge base for improving ground control at 

intersections and in set-up rooms for longwall mining. To enable the completion of field 

studies, this project was given a one-year extension; however, the full year did not need 

to be used and the project was successfully completed five months ahead of schedule. 

Results of this study have already been implemented in the field and it is expected that 

they will be extensively used by future longwall mining operations planned for Illinois. 

With the significant number of such operations projected for the near future, it is strongly 

recommended that in-mine ground control studies supported by numerical modeling 

should be expanded for longwall mining within Illinois.   
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OBJECTIVES 

 

The overall goal of this research was to improve artificial supports around mining areas 

for safety and productivity. Specific goals were to: 1) Document the long-term 

performance of grouted bolts when anchored in different lithologies, 2) Analyze 

intersection stability and support methods, and 3) Improve support systems for longwall 

bleeder and set-up rooms mining areas. Toward these goals, specific research tasks 

included: 1) Analysis of joint patterns in immediate roof strata above No. 6 coal seam; 2) 

Assessment of anchorage performance of fully-grouted bolts in different lithologies at 

two Illinois coal mines, 3) Analytical studies for stability of set-up rooms, and 4) 

Performance evaluation of novel intersection support designs for bleeder entries. Detailed 

objectives for each task are in the Results and Discussion section of this report. 

 

INTRODUCTION AND BACKGROUND 

 

A previous ICCI study (Chugh, 2009) led to several findings with regard to roof fall 

characteristics, analyses of weak floor on excavation stability, coal mine roof rating 

evaluation, three-dimensional (3-D) analyses of a coal mine intersection, and pre-mining 

investigations. The following major findings and recommendations from the previous 

study established the need for this current study: 

 Roof fall analyses suggested that some primary supports widely used in Illinois 

(conventional, partially grouted tension, double-lock, and longer bolts) may not 

be effective in controlling roof falls.  Therefore, there is a need to evaluate longer-

term performance of different types of bolts in typical lithologies associated with 

No. 6 and No. 5 coal seams in Illinois.    

 Since 80% of roof falls occur at intersections, there is a need to develop alternate 

support systems for intersections and demonstrate them in the field. There is also 

a need to develop alternate mining sequences that might minimize intersection 

spans and the time duration between excavation and support installation.   

 Some concepts developed for support of intersections in conventional room-and-

pillar mining may have direct applications for support of bleeder entries in 

longwall mining areas that must be kept open for inspection.  

 Some longwall panels face significant roof control problems in set-up rooms. 

There is need to review existing practices and demonstrate more effective 

alternate approaches. 

 

EXPERIMENTAL PROCEDURES 

 

Detailed experimental procedures for each task are provided in the Results and 

Discussion section of this report. Brief descriptions of the two Illinois mines that 

cooperated in this study are provided below.  

 

Mine 1 extracts No. 5 seam coal averaging 52 to 58 inches in thickness at an average 

mining depth of 290 feet with a maximum depth of 425 feet. The coal seam is typically 

overlain by sandy shale and/or laminated shale described as “stack rock” and one or more 

bands of limestone that are 6 to 12 inches thick. In localized areas, limestone thickness 
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can vary or disappear. Very hard ball-shaped concretions are sometimes found 

immediately above the coal seam.  The immediate mine floor strata consist of claystone 

underlain by competent shale. The mine uses room-and-pillar mining methods with 

average mining height of about 6.5 feet. Entry width averages 20 feet and entry/crosscut 

spacing (center-to-center distance) ranges from 80 to 100 feet in main entries and 60 to 

65 feet in panels. Many roof control problems are associated with the “stack rock” roof. 

Some of the mapped roof fall areas involve “stack rock” while others are in the transition 

zone that is encountered when approaching this feature. 

 

Mine 2 extracts No. 6 seam coal at an average depth of 600 feet. Borehole data within 

600 feet of an underground test area revealed 615 feet of overburden overlying the 5.75-ft 

thick coal seam with immediate roof lithology consisting of black shale (Anna), 

limestone (Brereton), dark gray shale, coal (Jamestown), and sandy shale. Roof lithology 

at this mine can change rapidly. Limestone can thin or disappear suddenly and water-

bearing sandstone can approach the coal seam. In these areas, water typically drips or 

flows from the mine roof and/or roof bolts. The mine floor is a claystone underlain by 

competent shale. The mine uses longwall mining methods with panels oriented in the 

east-west direction. Entry widths in gate roads and mains are typically 19 feet and 

crosscut spacing (center-to-center distance) ranges from 100 to 150 feet. 

 

RESULTS AND DISCUSSION 

 

Supplemental Task: Development of Data on Joint Orientation 

 
Objectives: Goals of this task were to evaluate joint orientations in selected mines in 

southern Illinois and develop 3-D models. Joint orientations can significantly impact 

ground control and may determine mine layout geometries. Knowing these characteristics 

of the mine roof provide data for: 1) Improving bolt performance through better 

installation methods, 2) Establishing parameters for numerical modeling conducted in 

Task 2, and 3) Correlation with studies conducted in Tasks 3 and 4 in longwall set-up 

rooms and bleeder entries. 

 

Experimental Procedures: Joint and cleat orientation data from Randolph County, 

Illinois and surrounding areas were compiled from data provided by the Illinois State 

Geological Survey (ISGS).  Joint mapping of the No. 6 coal seam roof strata at three 

active Illinois Basin mines was done using a Brunton compass to determine the attitude 

of the joints which were then plotted on stereographic projections to accurately determine 

the 3-D orientation of joint planes.  The three mines included two underground mines 

located near Galatia Illinois and one surface highwall mine located southwest of 

Pinckneyville Illinois.  It was necessary to conduct mapping in both the underground 

mine and the surface highwall mine because each locality shows a different orientation of 

the strata.  It was possible to measure the strike of joints at the two underground mines; 

however, there was little opportunity to accurately measure joint dip orientation because 

it was not exposed across a large enough area.  A nice cross-sectional view of the strata at 

the surface highwall mine (see Figure 1) enabled measurement of the joint dip and 
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direction of the dip.  After all field data were recorded, stereographic projection software 

(Allmendinger, 2006) was used to analyze the attitude of joints.   

 

Results and Discussion: ISGS (2011) data show typical azimuth values for cleats were 

(157, 58), (165, 68), (162, 69), (3, 90), (135, 71), with prominent cleats oriented 

approximately N60-70E and N20-30W.  Limited data was found on joints in limestone 

and Anna shale, but they seem to be aligned approximately with cleat orientations.  The 

best slip and joint orientation data in the Spartan Mine (in the author’s opinion) are 

included in mine notes and suggest that joint orientations were similar to cleats.  No data 

could be obtained on 3-D characteristics of joints in the bedrock that could transmit water 

and affect structural stability of the slope and lining design.  

 

Kite (1968) reported on joint and fracture orientations in Macoupin County, Illinois. He 

reported four fracture sets characteristic of the Hornsby area and surrounding portions of 

Macoupin County based on an analysis of outcrop joints. Average trends of these four 

fracture sets were: N40W, N22.5W, N5E, and N65E.  Spacing between joints varied 

from 1-inch in coal to as much 20-ft in competent limestone. Kite further reported that 

correlation between bedrock joints and subsurface joints above No. 6 coal seam could not 

be developed due to insufficient data.  He went on to state that “ limited underground 

observations in the vicinity of Hornsby area, together with widely scattered information 

from Paleozoic rocks throughout middle North America, indicate a systematic trend of 

fracturing oriented N65E +/- 15. This also is the most commonly reported trend of face 

cleats in coal as well as dominant jointing in superjacent beds. A 10 interval either side 

of N65E has the highest frequency of observed joints and may indicate a relatively 

dominant fracture trend.”  Data, when plotted only for shale, coal, and till, indicated the 

same trends. Weaver (1966), based on hydraulic fracturing data in Alberta, 

Saskatchewan, New Mexico, Texas, Oklahoma, Illinois, Pennsylvania, and New York, 

demonstrated a remarkable consistency in orientation of fractures. The fracture trend was 

N65E +/- 15.     

 

Kite also noted that data on joint or other fracture directions in the subsurface is even 

more limited than for outcrops. Almost all the available data is from immediate roof 

rocks above the No. 6 coal seam. Simon and Hopkins (1968) reported that the dominant 

fracture trend in immediate roof beds in west central Illinois varied from N70E around 

Springfield to N30E in St. Clair and Washington Counties.  Furthermore, roof rock 

fracture is parallel to the dominant face cleat in the No. 6 coal seam.  They reported the 

face cleat in the No. 1 Mine in Carlinville to be N52E and the butt cleat to be N31W. 

Fullerton (1968) reported the face cleat to be N45E and the butt cleat to be N50-58W 

and single joints trending N25E and N65E. None of these studies commented on the 

third orientation of joints. 

 

Two joint orientations, a primary and a secondary, were found throughout underground 

mapping. The primary joint orientation was much more abundant and had an average 

strike of 258.  The secondary joint orientation was less abundant and had an average 

strike of 335.  Some of the secondary joint’s dip angles could be measured underground. 

It appeared to be less (an average of 61N) than the primary joint dip angle.  The vertical 
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orientation or degree of dip of joints was measured in the highwall mine. An average of 

76N was determined as shown in Figure 1.  This is thought to be the dip angle and 

direction of the primary joint orientation.  All joint orientations were plotted on a 

stereographic projection and then separated into equal area nets so that different joint 

planes could be analyzed individually (see Figures 2 and 3).  Anna and Energy shale joint 

orientation does not vary much in strike or dip and slips are small (3-6 inches).  These 

slips are hard to analyze due to their small displacement.  Brereton limestone joints vary 

much more in strike and dip, which gives the three stereographic projections a range of 

about 30 in strike.  The Brereton limestone slip displacement is hard to observe unless it 

is observed from a roof fall area.  Many times when slip occurs along a Brereton 

limestone’s joint plane, the result is a large rock fall.  In such situations, the amount of 

slip can be measured but not without risk.  This study did not have an opportunity to 

analyze large rock falls involving Brereton limestone.   

 

Application of Joints Mapping to Mining Ground Control: Mining disturbs the pre-

existing relationship between geologic and hydro-geologic structures and the pre-mining 

state of stress.  For example, mining may increase or decrease stress and/or deformations 

of pre-existing fractures or joints that may manifest as pillar failures, roof falls, and floor 

heave in excavations and/or increase water egress into mine workings.  The severity of 

these manifestations depends both on the geometry of mine excavations and the geologic 

structure of the mineral deposit and immediate roof and floor rocks. Furthermore, it is 

generally agreed that orientations of pre-existing joints and fractures are related to the 

pre-mining state of stress. Therefore, it is imperative that characteristics of the geologic 

structure and pre-mining stress fields are known for mine planning and appropriate 

engineering tools are used to assess the effect that mining has on ground stability and 

hydrogeology as is illustrated in the following examples: 

 

 Pre-existing discontinuities and fractures play a dominant role in modifying the 

strength-deformation behavior of rock masses. Characteristics of these 

discontinuities have been used to develop rock mass classification systems that 

are used to develop stand-up times and support requirements for excavations. 

Examples of such major classifications include rock mass rating (RMR), coal 

mine roof rating (CMRR), and Q-system. 

 Joint orientations are used to identify relatively safe orientations for driving 

slopes, tunnels, and mining layouts.  For example, it is well established that gate 

entries in longwall mining show a higher tendency to fail when the longwall face 

is parallel to persistent fractures. Joints also affect caveability of roof strata 

behind the longwall face and loads on supports in the face area.   

 Approximate horizontal stress orientations, based on joint orientations, have been 

extensively used to layout mains and sub-mains and room orientations in Illinois. 

Several reoriented mine layouts have resulted in improved ground control and 

mining efficiency. The slope drivage interval between N80E and S50W might 

be the best in Illinois. 

 A near-surface slope failure in western Kentucky demonstrated failure of rock 

mass to occur along the dominant joint sets. Knowledge of characteristics of joint 

sets in the vertical plane would have been desirable for planning support systems 
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for the slope such as size and spacing of steel sets, lateral reinforcement between 

steel sets, and water pumping requirements during slope drivage. 

 Knowledge of the orientation of joint sets is very important when planning 3-way 

intersections in mining layouts. Improper layout can exacerbate roof fall severity.  

 Mine workings in areas with oil and gas wells requires knowledge of joints in 

immediate roof and floor strata. Gas leakage from well casings or through pre-

existing fractures can result in hazardous conditions. Similarly, drainage from 

water-bearing strata is affected by orientation of mine workings and orientation of 

dominant joint sets.  Knowledge of joint sets can also aid in planning hydro-

fracturing operations. 

 

The orientation of joints determined in this project suggests that the best way to support 

roof strata in the Illinois Basin would be to angle roof bolts 14 in the opposite direction 

(South) of the third joint plane.  This is not much different from the current bolting 

practice which installs them vertically. Salt water from the saturated Anvil Rock 

sandstone often uses limestone joint openings as a pathway for seepage into a mine.  If 

roof strata are supported to avoid slip of joints in the Brereton limestone, mining 

conditions should be less dangerous and possibly dryer. 

 

Task 1: Assess and Develop Improved Support Systems 
 

Objectives: Goals of this task were to: 1) Document the long-term performance of 

different roof supports anchored in different lithologies, 2) Analyze intersection support 

methods, and 3)  Improve support systems for longwall bleeder and set-up room 

intersections and entries.  

 

Experimental Procedures: To document support performance, the following variables 

were identified: mine roof lithology, resin type and quality (storage environment and 

time), annulus size, roof bolt type, roof bolt specifications (length, size, grade), bearing 

plate size, and quality of installation 

 

Test Procedures: Fully grouted and short encapsulation pull tests (SEPT) have been used, 

but the fully grouted test procedure was deemed not relevant since the anchorage capacity 

of a fully grouted bolt may exceed the tensile strength of the bolt itself. Thus, only SEPT 

was used to determine anchorage capacity. The variables identified for SEPT were: 

 

 Bolt length – three bolt lengths extending into different lithologies were tested. 

 Time frame – tests were done over three time intervals. 

 Annulus size – bolts were installed in two drill hole diameters. 

 

Mark et al. (2003) stated that the anchorage of a fully-grouted bolt is measured by “grip 

factor” or GF, which is defined as resistance to pull-out force per inch or mm of grouted 

length. SEPT was developed to determine GF (Mark et al., 2002). The anchorage 

capacity of a fully grouted bolt may exceed the tensile strength of the bolt shaft resulting 

in yielding of the bolt rather than the anchorage bond. To lower anchorage capacity and 

resistance to pull out to below the nominal tensile strength of a roof bolt, the resin 
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column is shortened and confined to the upper 12 to 24 inches of the bolt depending on 

the strength of the host rock. This length provides enough area to ensure adequate mixing 

but more importantly it minimizes the possibility of the bolt yielding prior to bond 

failure. GF is calculated as (load to slippage)/(resin anchor length) and is stated in units 

of tons/inch. Increasing GF and increasing a roof bolt’s response to loading or “stiffness” 

can significantly improve its ability to resist rock movement. 

 

A literature review revealed that most, if not all, SEPT work had been conducted 

immediately or soon after bolt installation. In this study, SEPT work was performed to 

determine changes in GF over an extended time period. An electronic digital data 

acquisition system (DDAS) and a bolt pull test frame were constructed to calibrate test 

equipment prior to performing field studies. 

 

SEPT analyses have focused on reporting peak load (PL) and GF values. This study 

developed a new “Anchorage Stiffness around 50% of Failure Load” or AS-50. It is 

computed by: 1) Plotting load-displacement data for a SEPT, 2) Subtracting the value of 

un-grouted bolt length deformation at each load from (1) above, 3) Plotting modified 

load-displacement data from (2) above,  and 4) Computing AS-50 as the slope of the 

curve in (3) above at 50% of the anchorage capacity +/- 1.8 metric tons. The author 

believes that AS-50 is more important than GF since it represents the rock reinforcement 

potential while GF represents only the load carrying potential 

Data Collection:  The DDAS consisted of a pressure transducer, string extensometer, data 

acquisition module with power supply, and laptop computer. The pressure transducer and 

analog pressure gage mounted on the hydraulic hand pump were calibrated using a 

Humboldt proving ring. Data collected manually using the analog pressure gage and dial 

indicator was then calibrated with the DDAS data. Figure 4 provides a schematic of the 

SEPT equipment set-up and Figure 5 shows SEPT equipment being tested at the SIUC 

Materials Test Laboratory in Carterville, IL.   

 

A typical SEPT is conducted by installing a roof bolt equipped with a pull collar, which 

fits around the shaft of the roof bolt and is located between the roof bolt head and roof 

bolt plate. A pull claw is threaded onto a pull rod that is inserted through a bolt bell 

housing and a hollow cylinder hydraulic jack shown in Figure 5(b). The pull rod then 

receives a bearing plate held in place by two jam nuts. The latter assembly is attached to 

the roof bolt using the pull claw to engage the pull collar. The bolt bell housing between a 

second bearing plate and the roof bearing plate allows the hydraulic cylinder to apply 

load to the roof bolt pull collar by pushing against the roof bolt bearing plate.  A dial 

indicator measures the distance between the two plates. During laboratory testing of 

equipment, roof bolts were installed into 1-inch diameter steel pipe using procedures that 

are typically used during underground installation. The bolt/pipe assembly was securely 

clamped in a test frame shown in Figure 5(a).  Then the hydraulic cylinder, bolt bell 

housing, and pull claw assembly were attached (see Figure 5(d)). Data was collected 

using both manual and DDAS systems shown in Figure 5(e).   

 

Load cells designed at SIUC were used to determine the amount of load applied to mine 

roof strata during and after roof bolt installation. The load cell consisted of a composite 
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material disk housed between two 0.5-inch thick steel plates as shown in Figure 5(c) and 

calibrated for load-deformation (see Figure 6). They are installed by inserting a roof bolt 

through a 1-inch diameter hole in the center of the load cell assembly and tightening the 

roof bolt against the load cell and mine roof bolt plate. Compression of the composite 

disk is related to applied load.  

 

Tension rebar (TR) bolts were installed to the specified torque range as required by a 

mine’s MSHA-approved roof control plan. Torque is a good indicator of the amount of 

load applied to the roof bolt and can change over time. It was monitored using a CDI 

Model 6004 LD SNSS torque wrench with a range of 120 to 600ft-lbs and resolution of 

5ft-lbs.  

 

Mine 1 Bolt Installations: On July 20, 2010, 38 roof bolts were installed in MMU 002 

Unit 1 (1
st
 North Sub-main off 8

th
 West Sub-main (1N8W)) in the crosscut connecting the 

travel-way and belt entries at survey footage 7+50 as shown in Figure 7). This area had 

“stack rock” roof lithology. Before roof bolts were installed, a 9-ft bore hole was drilled 

into the roof and scoped with a camera to identify different lithologies and bed 

separations or cracks present in roof strata.  The camera, equipped with a fish-eye lens, 

provided 180 view of the interior of the drill hole. Images revealed no lithologic changes 

and only two small cracks that extended 90 to 120 around the hole circumference. 

  

Of the 38 bolts, 33 were #6, Grade 40, passive rebar (PR) bolts installed for SEPT work 

(see Table 1). Two different diameter drill holes were used to create different annulus 

sizes with 1-inch holes drilled by bits of 1.027-inch diameter and 1.375-inch holes drilled 

by bits of 1.377-inch diameter.  Roof bolt lengths were 48-inch, 72-inch, and 96-inch. Six 

roof bolts of each length were installed into 1-inch diameter holes. Six 48-inch and six 

72-inch length roof bolts were installed into 1.375-inch diameter drill holes, but due to 

limited availability of the roof bolter, only three 96-inch long roof bolts could be installed 

in 1.375-inch drill holes. The depth of each hole was one inch deeper than the installed 

roof bolt length. This was determined by measuring the distance from the roof bearing 

plate, when installed on the roof bolt, to the end of the roof bolt. Resin used for SEPT 

work was Minova’s Fast Set 23mm A23-6-M35LIF, Facility Code G, with an expiration 

date of 7/11/11. Resin was cut into appropriate lengths, based on annulus size, to achieve 

encapsulation of the top 12 inches of each installed bolt. Resin was cut to proper length 

and resealed using 0.125-inch plastic zip ties. To help confine resin to the top 12 inches 

of the roof bolt, 1.5-inch wide electrical tape was wrapped around each bolt to a diameter 

slightly less than the drill hole at a point 12 inches from the end of the bolt to create a 

pseudo-seal with the drill hole wall.  Each roof bolt and resin cartridge was inserted into 

the drill hole until the roof bearing plate remained one inch from the roof contact.  The 

bolt was rotated for 5 to 7 seconds and then upward pressure was applied to seat the 

bearing plate against the mine roof. This upward thrust against the bearing plate and mine 

roof was maintained for 45 seconds. The first group of pull tests, designated as “Mine 1, 

Site 1, Day 0,” were begun one hour after installation of roof bolts. 

 

To monitor any changes in bolt load, load cells were installed on one bolt of each length. 

The thickness of the composite material was measured at four locations equally spaced 
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around the circumference using a Starrett telescoping gage and Mitutoyo digital caliper 

with resolution of 0.00005 of an inch. Measurements were made immediately after 

installation and again after 24 hours.  Two 72-inch TR bolts were installed near the belt 

entry side of the demonstration crosscut. These bolts were monitored for changes in 

torque or load using a torque wrench. 

 

On August 4, 2010, 21 roof bolts were installed at the second demonstration site (Site 2) 

in Mine 1 as shown in Figure 8. Site 2 was located in MMU 001 Unit 1 (1
st
 East Sub-

main off 1
st
 North Sub-main (1E1N)) in the crosscut connecting the travel-way and belt 

entries at survey footage 39+65. This site was chosen because the immediate roof in the 

area is typically competent shale and limestone. Two 9-ft holes were drilled for bore 

scope evaluation. The roof was competent with only two identifiable roof separations that 

were less than 0.125-inch wide. These separations intersected about 90 to 120 of the 

drill hole circumference. Six #6, Grade 40, PR bolts of each length (48-, 72-, and 96-

inch) were installed in 1-inch diameter drill holes (see Table 1). The mean drill bit 

diameter was 1.024 inch. One bolt of each length was installed with a load cell.  

 

Mine 2 Bolt Installations: On October 13, 2010, 27 bolts were installed in the main north 

unit at survey footage 19+046 in the crosscut connecting entries #4 and #5 as shown in 

Figure 9. The roof lithology at this location (Mine 2 – Site 1) was identified by drilling a 

bore hole up to a height of 133 inches above the coal seam. As shown in Figure 11(a), 

roof lithology was 18 inches of black shale, 54-60 inches of limestone, and the remainder 

was sandy shale. Core from an exploration hole located approximately 500 feet north of 

Site 1 showed the following roof lithology: 0.9 feet of black (Anna) shale, 5.5 feet of 

limestone (Brereton), 1.2 feet of dark gray shale, 0.5 feet of coal (Jamestown), 2.2 feet of 

dark gray shale, and 8 feet of sandy shale. The demonstration area crosscut had a mining 

height of 82 inches and a width of 210 inches. It was dry with competent ribs. 

 

At Site 1, 22 bolts were installed for SEPT work and five bolts were installed with load 

cells (see Table 2). All bolts were installed in 1.375 inch diameter drill holes and the 

mean drill bit diameter was 1.3828 inch. Two feet of resin encapsulation was used as 

recommended by the bolt manufacturer for conducting viable tests on #7 rebar bolts. To 

achieve this, resin cartridges were cut to a length of 20.5 inches, then re-sealed using 

plastic zip ties.  The resin was JennMar FastSet manufactured on September 28, 2010 at 

18:33:20. Spin time to mix resin was 5-6 seconds and hold time was 20-25 seconds.  All 

bolts were installed in holes drilled 1-inch deeper than the inserted length of the bolt. 

 

On October 20, 2010, the project team installed 11 bolts in the main north unit at survey 

footage 19+346 in the crosscut connecting #4 and #5 entries as shown in Figure 10.  Nine 

bolts were installed for SEPT and two were installed with SIUC load cells (see Table 2). 

The roof lithology was identified through a 130-inch deep borehole. At this location 

(Mine 2 – Site 2), the coal seam is overlain by 8-10 inches of black shale, 45-48 inches of 

limestone, with sandy shale above the limestone as shown in Figure 11(b). The 

exploration core hole previously described for Mine 2 – Site 1 is approximately 200 feet 

north of this location.   
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At Site 2, 10-ft bolts with three each of PR, TR, and passive cable were installed for 

SEPT work (see Table 2), and two 10-ft TR bolts were installed with SIUC load cells. 

The resin used was JennMar FastSet manufactured on September 29, 2010 at 05:56:40. 

Anchorage locations for each roof bolt length are illustrated in Figure 11(b). Four 8-ft TR 

bolts installed as part of the initial roof support pattern were used for monitoring torque.   

 

Results and Discussion: SEPT results are summarized below.  More detailed information 

such as PL values and load-displacement curves are provided in the Appendix. 

 

Mine 1: SEPTs at Site 1 were conducted one hour after installation on July 20, 2010,  

(Day 0), on December 7, 2010 (Day 140), and on April 19, 2011 (Day 273).  At Site 2, 

SEPTs were conducted one hour after installation on August 4, 2010 (Day 0), on 

December 7, 2010 (Day 125), and on April 19, 2011 (Day 258).  Table 3 shows GF and 

AS-50 values from these tests and Table 4 shows percent changes in those values.   

 

On April 19, 2011, several bolts that had been pulled as much as one inch from roof 

contact by earlier testing were again found tight against the roof. This is attributed to 

additional roof strata movement. At Site 2, Hole #2 (bore scope hole nearest the #7 belt 

entry) became partially blocked around 8.5 inches above the coal seam due to a portion of 

the roof moving in the southwest direction along a joint plane.  

 

48-inch Passive Rebar Bolts: On each test date, two bolts in 1-inch holes and two bolts in 

1.375-inch holes at Site 1 and two bolts in 1-inch holes at Site 2 were tested. 

 

At Site 1, 48-inch bolts in 1-inch holes progressively lost GF and AS over the 273-day 

test period. The AS-50 loss was only 0.8% over the first 140 days, but 10.3% over the 

last 133 days resulting in a total decrease of 11.0% over the entire period.  GF loss was 

8.9% for the entire 273-day period.  At Site 2, GF and AS-50 values for 48-inch bolts in 

1-inch holes increased 15.5% and 623%, respectively, over the first 125-day period.  

During the second 133-day period, AS-50 decreased by about 59.6%, but for the overall 

258-day test period, both values showed an increase. 

 

At Site 1, 48-inch bolts in 1.375-inch holes showed increases in GF and AS-50 of 7.5% 

and 46.0%, respectively, over the first 140 days, but decreases of 25.1% and 49.2%, 

respectively, over the last 133 days, for overall decreases of 19.5% and 25.8%, 

respectively.  No bolts were installed in 1.375-inch holes at Site 2 due to production 

constraints. Decreases in GF and AS-50 values were significantly less for 48-inch bolts in 

1-inch holes than for 48-inch bolts in 1.375-inch holes. While AS-50 was initially higher 

for bolts in larger holes and it increased during the first 140 days, by the end of the 273-

day test period, it was less than for bolts in smaller holes. 

 

72-inch Passive Rebar Bolts: On each test date, two bolts in 1-inch holes and two bolts in 

1.375-inch holes at Site 1 and two bolts in 1-inch holes at Site 2 were tested. 

 

At Site 1, 72-inch bolts in 1-inch holes gained GF and AS during the first period, then 

lost roughly half of that gain during the second period, but overall there was an increase 
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in both values.  Results were similar at Site 2; however, GF did not decrease during the 

second period but remained the same.  The behavior of 72-inch bolts in 1-inch holes at 

Site 2 was quite similar to that of 48-inch bolts in 1-inch holes. 

  

At Site 1, 72-inch bolts in 1.375-inch holes showed increases in GF and AS-50 during the 

first 140 days, similar to the same length bolts in 1-inch holes; however, during the 

second 133-day period, while GF decreased as seen with bolts in 1-inch holes, AS-50 

continued to increase.  Overall, increases in GF and AS-50 were greater for 72-inch bolts 

in 1.375-inch holes than for 72-inch bolts in 1-inch holes.  

 

96-inch Passive Rebar Bolts: On each test date, two bolts in 1-inch holes at Site 1 and 

two bolts in 1-inch holes at Site 2 were tested.  Because of the limited number of 96-inch 

bolts in 1.375-inch holes at Site 1, two bolts were tested at 140 days and one bolt was 

tested at 273 days. 

 

For 96-inch bolts in 1-inch holes, both sites showed increases in GF and AS-50 during 

the first period followed by decreases during the second period.  With the exception of 

GF for 96-inch bolts in 1-inch holes, decreases during the second period were less than 

increases during the first period. 

 

With limited capability to test 96-inch bolts in 1.375-inch holes, results indicate a 

decrease in GF of 26.6% and an increase in AS-50 of 58% during the last 133-day period 

of SEPT work.  It is important to mention that observed increases or decreases in GF and 

AS-50 for all bolt lengths and hole sizes are well within testing variability. 

 

Torque Monitoring of Tension Rebar Bolts: Installed torque on Day 0 was 250ft-lbs. 

Similar data on Days 140 and 273 were 265ft-lbs and 285ft-lbs., respectively.  

 

Load Cell Data: Bolts with load cells installed are identified in Figures 7 and 8. Load 

cells were measured initially one hour after installation and again on December 7, 2010 

and April 19, 2011 with results shown in Table 5.  At Site 1, measurements indicate only 

a slight increase in load on bolts over the 273-day period. The 48-inch bolt in the 1-inch 

hole saw the largest increase equaling 850 pounds of load.  At Site 2, measurements 

indicate a large increase in load during the 258-day period. The increase was similar for 

48- and 72-inch bolts and slightly higher than the highest value at Site 1, but the 96-inch 

bolt saw 3400-lb increase in load at Site 2.  

 

Mine 2: SEPTs at Site 1 were conducted one hour after installation on October 13, 2010 

(Day 0), on February 11, 2011 (Day 121), and on April 26, 2011 (Day 195). Site 1 had 

72- and 96-inch bolts.  At Site 2, which had only 120-inch bolts, SEPTs were conducted 

one hour after installation on October 20, 2010 (Day 0), on February 11, 2011 (Day 114), 

and on April 26, 2011 (Day 188).  Table 6 shows GF and AS-50 values from these tests 

and Table 7 shows percent changes in those values.  
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72-inch Passive Rebar Bolts:  GF decreased 16.8% and AS-50 increased 1.5% during the 

first 121 days. During the second 74-day period, GF increased 15% and AS-50 decreased 

15%. 

 

72-inch Tension Rebar Bolts:  GF and AS-50 values were 3.3% and 25% lower, 

respectively, after 121 days.  During the second 74-day period, GF and AS-50 increased 

2.4% and 8%, respectively. 

 

96-inch Passive Rebar Bolts:  GF and AS-50 values were 23% and 9% lower, 

respectively, after 121 days.  During the second 74-day period, GF and AS-50 values 

increased 26.8% and 29.5%, respectively. 

 

96-inch Tension Rebar Bolts:  GF increased 12.6% and AS-50 decreased 92% during the 

first 121 days. During the second 74-day period, GF decreased 4.2% and AS-50 increased 

122%. 

 

120-inch Passive Rebar Bolts:  GF and AS-50 values decreased 75% and 90%, 

respectively, after the first 114-day period. 

 

120-inch Tension Rebar Bolts:  GF and AS-50 values decreased 58.4% and 21.3%, 

respectively, after 188 days. 

 

120-inch Passive Cable Bolts: During testing on Day 114, the hydraulic cylinder 

malfunctioned and data from Bolt #7 was considered invalid. Therefore, only data for 

tests on Day 188 was obtained.  Both the GF value of 0.484 tons and the AS-50 value of 

23646 are extremely low. 

 

All 120-inch long bolts at Site 2 were completely anchored in sandy/limey-shale that 

overlies the 48-50 inches of limestone present at Site 2. This may have affected GF and 

AS-50 values for these bolts when compared to shorter bolts at Site 1 where 72 inch bolts 

were anchored totally in limestone and 96 inch bolts were anchored at the interface of 

limestone and sandy/limey-shale.  

 

Torque Monitoring of Tension Rebar Bolts: Torque measurements reported in Table 8 

indicate a mean torque of 286.75ft-lbs on Day 0 and 267.5ft-lbs on Day 121, a 6.7% loss. 

 

Load Cell Data:  Table 9 indicates an increase in load over the 195-day test period for all 

bolts, with 72- and 96-inch TR bolts experiencing the largest increases of 2,700 and 

2,550 pounds, respectively. 

 

Synthesizing these detailed results leads to the following major observations: 

 

 GF and AS-50 values in different lithologies at Mine 1 are similar even for 

different types of bolts.  
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 As shown by GF and AS-50 data, annulus diameter is most important in 

determining bolt performance. Thus, drill bit wear should be constantly monitored 

to obtain the best results. 

 Longer bolts show lower AS-50 values. 

 Larger bolts at Mine 2 show similar AS-50 values as smaller bolts at Mine 1. 

There is a need to reassess bolting practices at Mine 2. 

 The effect of time on GF and AS-50 is variable and within experimental data 

variability limits, but no firm conclusions can be drawn. 

 

Task 2: Numerical Analysis of Intersections with Alternate Primary and Secondary 

Supports 

 

Objectives: Numerical analyses were conducted to better understand the stresses and 

displacements around longwall set-up rooms, bleeder entries, and at intersections located 

in these areas. Field measurement data were used to validate numerical analyses.  

 

Experimental procedures: Modeling of mine excavations is done with finite element 

analysis (FEA) tools.  Three models were developed as part of this project. 

 

Generalized Model for Stress Distribution Analysis: This model was developed to study 

stress distributions around an intersection (see Figure 12) and to perform sensitivity 

analyses.  A vertical stress of 550psi corresponding to 500 feet of mining depth was 

applied to the upper boundary of the model, which was subjected to different lateral 

stresses in the east-west (E-W) direction (M1) and the north-south (N-S) direction (M2), 

where M1 and M2 are ratios of lateral stress to vertical stress in the two orientations. Field 

estimates of in-situ stresses (~1100psi in the E-W direction and 600psi in the N-S 

direction) were uniformly applied prior to excavation of entries.   Rock mass properties 

used for modeling are given in Table 10 and were estimated from previous laboratory 

tests on cores as well as limited field testing. Using these properties has yielded good 

correlations between field-measured values and FEA estimates of roof-floor convergence. 

Table 11 shows joint parameters based on Pariseau’s (2007) textbook that were used.   

 

Model Development for Mining Intersection: Four-way intersections are most common. 

A 3-D model of typical four-way intersection geometry was developed and analyzed as a 

multiple-layer model with varying engineering properties for different layers as shown in 

Figure 13. Immediate roof layers were modeled as one 6-ft thick layer, two 3-ft thick 

layers, or four 1.5-ft thick layers.  A four-way intersection offers symmetry so that only 

one quarter of the intersection has to be analyzed.  Vertical planes of symmetry (y-

coordinate) were allowed to displace in the x-direction, while the bottom horizontal face 

was permitted to displace only in the horizontal direction (x-coordinate). 

 

Analyses were done sequentially by first applying pre-mining stresses and then 

excavating the intersection or opening. Stress and displacement analyses along cross-

sections AA’ (intersection), BB’ (E-W entry), and BB” (N-S entry) as shown in Figure 12 

were used to develop inferences. The AA’ cross-section represents the pillar center to the 
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center of the intersection and intersects the pillar rib 10 feet away from the corner of the 

pillar in the N-S entry. 

 

Model Development for Longwall Panel: Simplified linear elastic numerical analyses 

were performed to develop a better understanding of stresses and displacements around 

set-up entries area. Figure 14 shows the layout of two typical adjacent longwall panels. 

Each panel is 1000 feet wide. Gate entry development is a 3-entry system with 20-ft wide 

entries, 80-ft center to center (c-c) entry spacing, and 150-ft c-c crosscut spacing, which 

typically yields rectangular pillars with 4-way intersections except close to set-up and 

bleeder entries of which there are four spaced 80 feet c-c apart with crosscuts on 125-ft 

centers. Entry width is still 20 feet. At the T-junction where set-up and bleeder entries are 

turned off of gate entries, pillar sizes and shapes vary to provide maximum stability and 

ease of materials transport to the longwall face. Since ground control problems are 

concentrated in this area, Area ABCD in Figure 14 is most critical. To take advantage of 

symmetry, which usually exists, only half of each panel was modeled as shown by Area 

EFGH in Figure 14. Stress analyses were performed using FLAC3D (Fast Lagrangian 

Analysis of Continua) software.  All models extend 50 feet above and below the coal 

seam. Models were constructed using the typical lithologic column shown in Figure 15. 

Immediate roof strata above the 6-ft thick coal seam are black shale (2 feet), gray shale (2 

feet), weak limestone (2 feet), weak shale (3 feet), competent limestone (4 feet), and a 

37-ft thick shale above the competent limestone. The lithologic sequence below the coal 

seam consist of claystone (3 feet), gray shale (3 feet), weak limestone (3 feet), and a 41-ft 

thick shale below the weak limestone. The width and length of the model are 1720 feet 

and 1220 feet, respectively (see Figure 16) and it extends about 400 feet beyond the 

outside bleeder entry into virgin coal. The model has a total of 692,472 elements. 

Extending the size of the model was limited due to model run time. Analyses were done 

sequentially that involved: 1) Application of pre-mining stress, 2) Excavation of gate 

entries and set-up rooms for Longwall Panel 1, 3) Advancing the longwall face of 

Longwall Panel 1 in 100-ft increments to a distance of 300 feet from the set-up room, and 

4) Excavation of gate entries and set-up rooms for Longwall Panel 2. 

 

Results and Discussion:  Results of intersection modeling are presented in this section.  

Longwall panel modeling results are presented later under Task 4. 

 

Intersection Modeling: Effects of immediate roof layer thickness, the ratio of in-situ 

horizontal stress to vertical stress (M), the ratio of width of opening to height of opening 

(Wo/Ho), and effects of bedding characteristics (bonded and un-bonded) were evaluated. 

Values for vertical stress concentration factor (VSCF), horizontal stress concentration 

factor (HSCF), and shear stress concentration factor (SSCF) were determined at a level 

three inches into the immediate roof.   Results are summarized as follows: 

 

 The highest stress concentration factor (SCF), be it VSCF, HSCF, or SSCF occurs 

around the corner of the intersection. The peak value for each SCF is located 

around the edge of the opening and the precise location shifts toward the opening 

or toward the pillar depending on the value of M, Wo/Ho, and whether immediate 
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roof layers are bonded or un-bonded (capable of displacing vertically and 

horizontally). 

 Increasing M increases the peak VSCF only slightly but significantly increases 

SSCF as shown in Figure 17.  

 A slight increase in Wo/Ho can significantly increase the peak value and 

distribution of SCF as shown in Figure 18.  Thus, the Wo/Ho ratio is the most 

critical when evaluating SCFs. 

 The peak value of compressive curvature is located about 0.02 m (about 0.03 

times the width of the opening in meters) from the edge of the opening toward the 

center of the intersection. 

 The effect of de-bonding layers is to increase SCF values. Similarly, the effect of 

increasing M is also to increase SCF values. The effect of de-bonding layers is 

much more significant than the effect of increasing M. This is why failures are 

associated with thinly laminated strata in the immediate roof. 

 In an elastic medium, vertical displacement of the intersection is typically small. 

Initiation of instability can occur because of curvature and associated horizontal 

strain. 

 SCFs values for an opening are 20-30% lower than for an intersection. Therefore, 

intersections are most vulnerable to failure if adequate safety factors are not 

utilized. 

 

Modeling of stresses in an intersection through realistic cut sequencing was also 

performed. For a base case (Model 1), the entire intersection was excavated in one cut as 

the first step, primary supports were installed in the second step, and a secondary support 

system was installed in the third step. Then, the entire intersection was excavated in nine 

cuts in the sequence shown in Figure 19 (Model 2).  In this scenario, primary supports 

were installed in each cut after its excavation and secondary supports were installed in the 

last step after the entire intersection had been excavated and bolted.  Figure 20 shows the 

layout of bolts for the modeled intersection.  In both scenarios, two entries and one pillar 

with weak floor were simulated.  Primary support was 6-ft long, fully grouted, #6 rebar 

with five tons of pre-load.  Secondary support was 9-ft long, fully grouted, #7 rebar with 

15 tons of   pre-load.  Hoek-Brown failure criterion for rock masses was used for non-

linear analyses along two cross-sections, A-A’ and B-B’ (see Figure 12) with results 

shown in Figures 21 and 22, respectively, and summarized as follows:  

 

 A small yielded zone is observed along A-A’ for Models 1 and 2 after primary 

and secondary support installation with shallow extension (less than 0.5 feet) 

around the center of the coal pillar rib due to tensile stresses.  

 The pillar rib and top corner of the opening are relatively stable with few yielded 

elements along Section B-B’ after primary and secondary support installation due 

to tensile stresses around the center of the pillar rib.  

 The top corner is relatively stable in both models with limited yielding of 

elements due to shear stresses, but the extension of failure in Model 1 is slightly 

more than Model 2.  

 Failure areas in the weak floor are similar for both models. 



18 

 

 At the interface of the pillar-floor corner, yielding is observed due to tension and 

shear. These zones extend into the pillar toward the center about 3 feet and extend 

into the floor 0.4 feet. In general, Model 2 shows slightly less failure zones 

around the intersection and entries than Model 1. 

 Installing primary bolts immediately after excavation of each cut does improve 

overall intersection stability.   

 It seems that in Model 2, the primary support picks up the load gradually and 

redirects the stress toward the pillar which helps the overall stability of structure.  

This is evident from stress distribution modeling data. 

 In this simulation, only one cut sequence plan was analyzed, but results showed a 

slight improvement in stability. Alternate cut sequences could further improve 

stability; however, results were not significantly different when cut sequencing 

was used versus when the entire intersection was excavated in one cut. 

 

Task 3: Support Systems for Bleeder Entries 

 

Objectives: The goal was to demonstrate the effectiveness of locating supplemental 

standing supports at strategic locations near corners in bleeder entry intersections.  

ATLAS 100S cribs, developed as part of another ICCI project (Gurley, 2011), were 

chosen as supplemental roof support for demonstration of this concept because of their 

stiffness and stability characteristics.  They are the intellectual property of SIUC. 

 

Experimental Procedures: An underground visit to Mine 2 on December 21, 2010 

identified locations for crib installations in the 7
th

 West longwall bleeder entry system 

that intersects access to the set-up room area. This area was identified by mine 

professionals as having roof control problems and it must be maintained to ensure access 

to a mine atmosphere evaluation point.  On January 12, 2011 eight ATLAS 100S cribs 

were installed in two 7
th

 West headgate entry intersections (see Figure 23). These cribs 

were installed in conjunction with conventional 4- and 9-point cribs to provide 

supplemental roof support. ATLAS 100S cribs use 0.1875-inch thick by 1.5-inch wide 

steel straps attached to the center of each wooden crib element (see Figure 24).  These 

steel straps were attached to the center connecting element of each ATLAS 100 element 

using 0.3125-inch diameter galvanized lag bolts with washers inserted through a 0.375-

inch wide by 6-inch long slot in the steel strap that was centered over each crib center 

element. Lag bolts were tightened against compressible lock washers to maintain contact 

between steel straps and center elements. 

 

Results and Discussion: ATLAS 100S cribs were observed three times in June 2011. 

Visual observations indicated that ATLAS 100S cribs were performing very well and 

intersections were stable. On June 9 and 16, steel straps of several ATLAS 100S cribs 

were “sounded” and all seemed to be taking load without distress.  Roof-to-floor 

convergence data collected near the two intersections indicated about 1.5 to 2 inches of 

roof to floor convergence.  Official monitoring of these ATLAS 100S cribs continued 

until June 23 after which the 8
th

 West longwall began production and access to the area 

was no longer possible. Visual observations made on June 23 indicated that the ATLAS 

100S cribs were performing very well with no signs of distress when the nearby 
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atmospheric evaluation point was moved to the 8
th

 West longwall headgate entry. 

Observations made during subsequent visits to the area indicated ATLAS 100S cribs 

were performing at least as well as conventional cribs.  Furthermore, the test area was 

also visited on a weekly basis by mine examiners and they did not report any indication 

of poor performance.   

 

Task 4: Support Systems for Set-up Rooms 

 

Objectives: The goal was to evaluate ground control problems in set-up rooms and 

identify appropriate support systems. At the request of Mine 2 professionals, longwall 

bleeder entries were included as well. Collected data will be used to guide the design 

process for alternate mining geometries in future longwall developments. 

 

Experimental Procedures: SIUC project team and mine personnel made underground 

visits to evaluate bleeder entry and accessible set-up room areas from previous longwall 

panels, particular those adjacent to the field study area. Conditions of coal pillars, roof, 

and floor were observed. Plans were made to monitor possible roof and pillar movements 

in the 7
th

 West panel set-up rooms throughout their excavation and the subsequent start-

up of the longwall face. It was decided that three approaches could be quickly 

implemented: 1) Differential horizontal movement points, 2) Crib and roof rosettes to 

measure movements of roof and/or coal pillars, and 3) Roof-to-floor convergence points. 

Installation procedures are as follows: 

 

 Differential horizontal movement (HP) points were established by inserting an 

anchor into a competent coal rib about mid-seam height with nylon cords attached 

to the threaded portion of the tension rebar roof bolt exposed below the tensioning 

nut. These nylon cords were secured to maintain their location on the bolt. A 

weighted plumb-bob was attached to the cords and a steel tape measure was 

secured to the anchor point to determine the distance from the anchor point to and 

between each point with a resolution of 0.125 of an inch (see Figure 25(b)). 

 Roof-to-floor (RF) convergence monitoring points were established by driving a 

12-inch long, 0.625-inch diameter steel rod 10-11 inches into the mine floor 

directly beneath a roof bolt that had been excavated down to competent material. 

The distance from the top of the pin to the bottom of the tensioning nut on the 

roof bolt was recorded with a resolution of 0.0625 of an inch (see Figure 25(a)).  

 Wooden crib rosette (CR) points were installed to monitor roof movement 

orientations using a 12d nail inserted into the end of a crib element at about mid-

height and at the inside corner of the crib structure (see Figure 26(a)). About ¼-

inch of the nail was left exposed above the surface of the crib element. An 

extendable tape measure was used to record distances between points A-B, A-C, 

A-D, B-C, B-D, and C-D as shown in Figure 26(a) to a resolution of 0.0625 of an 

inch. A moisture meter was used to record the moisture content of wooden crib 

elements. Changes in moisture content due to seasonal weather patterns may 

affect expansion or shrinkage of elements that would in turn affect measurements.  

 Roof rosette (RR) points were similar to CR points using four roof bolts as seen in 

Figure 26(b). Six measurements were recorded using an extendable tape measure 
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to a resolution of 0.0625 of an inch. These measurements were the distance from 

outside to outside of threaded roof bolt shafts extending below the tensioning nut 

and were recorded along lines A-B, A-C, A-D, B-C, B-D, and C-D. 

 

7
th

 West Longwall Monitoring Stations: On January 12, 2011, nine RF points, nine HP 

monitoring stations, and three CR points were installed in four areas of the 7
th

 West 

longwall bleeder entry and set-up room area as shown in Figure 27 and described below:  

 

 Area A is in the first three crosscuts connecting the set-up room and Room 2. 

Three HP points were located in each crosscut. Two RF points were located in the 

first crosscut but could not be installed in other crosscuts due to movement of 

equipment. 

 Area B is in the 7
th

 West belt and travelway entries. One RF and HP point were 

located one crosscut inby the set-up room in the belt entry and one RF and one HP 

point were located two crosscuts inby the set-up room in the travelway. 

 Area C is where the 7
th

 West gate entries end and two bleeder entries were mined 

to connect to the bleeder entries behind previous panels. Two HP points, two RF 

points, and three CR points were located in the 7
th

 West return entry. 

 Area D is in the bleeder entries and previously abandoned 7
th

 West set-up rooms 

connecting the 7
th

 West and 6
th

 West headgate entries. Three RF points and two 

HP points were located in three crosscuts connecting #3 and #4 bleeder entries.  

 

Measurements were made immediately after installation and again on January 19, 25, and 

28, 2011. The longwall face had advanced about 200-250 feet from the set-up room by 

January 28.  Access to Area A after January 28 was unsafe due to water accumulation. 

 

Results from the 7
th

 West study and input from the project team prompted mine 

professionals to increase pillar size in the adjacent 8
th

 West panel and to seek additional 

data from those set-up rooms and bleeder entries. 

 

8
th

 West Longwall Monitoring Stations: Mine 2 finished mining the 8
th

 West headgate 

entries at the end of April 2011 and began mining four bleeder/set-up room entries 

toward the 7
th

 West longwall panel. On May 17, 2011 a series of monitoring stations 

were installed in the 8
th

 West headgate return entry and in the set-up room and bleeder 

entries area of the 8
th

 West longwall panel. These monitoring stations included 14 RR 

points, two CR points, two HP points, and two RF points.  Four additional HP points, one 

RR point, four RF points, and one CR point were installed in the 8
th

 West longwall set-up 

room and bleeder entries area on June 30, 2011.  

 

RR points were located at or near the center of 15 intersections as shown in Figure 28. 

Bolts used in RR points were 96-inch long, #7, fully grouted tension rebar bolts that were 

installed as primary supports during mine development. CR-A, CR-B, and CR-C were 

located in the 8
th

 West headgate return entry at crosscuts (XC) 83, 84, and 85, 

respectively. HP points were installed in the 8
th

 West bleeder entry at survey locations 

0+00S (HP-B1) and 5+75S (HP-B2) and in set-up Room 2 at survey locations 3+00S 

(HP-300) and 5+75S (HP-575).  RF convergence monitoring points were located in the 
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8
th

 West headgate return entry at survey locations 11+820 near XC85 (RF-2), at 11+730 

in XC84 (RF-3), and in set-up Room 2 at survey locations 0+00S (RF-7), 1+50S (RF-8), 

3+00S (RF-9), and 5+75S (RF-575).  Measurements were taken after point installation 

and on June 23, June 30, and July 7, 2011 for all accessible monitoring stations. The 8
th

 

West longwall panel began production July 1, 2011.  

 

Results and discussion:  Monitoring results and analyses for two instrumented longwall 

set-up and bleeder areas is described for this task. 

 

7
th

 West Longwall Panel: Monitoring on Day 16 indicates a decreasing trend in RF 

convergence along the A-A’ line shown in Figure 29 from the set-up room to the back 

corner of the bleeder-entry system as the distance from the set-up room to the longwall 

face increases. RF-1, located 35 feet from the set-up room experienced 3.8 inches of 

convergence, RF-9 located in the headgate belt entry saw 0.75 of an inch of convergence 

while RF-6 located near the back corner of the bleeder system saw 0.19 of an inch of 

convergence (see Figure 30 for point locations).  Data collected over the 16-day period 

indicates that the largest horizontal movement was near the set-up rooms area followed 

by the abandoned set-up rooms area, the 7
th

 West headgate belt and travel-way entries, 

and the 7
th

 West headgate return bleeder entry. Data indicates a horizontal movement of 

set-up room pillars toward the 7
th

 West longwall panel that seems to rotate around an axis 

point located near the intersection of the set-up room and headgate belt entry as 

illustrated in Figure 31 (exaggerated movement illustrated for clarity). HP data indicates 

two horizontal displacement phenomena: 1) The area moves initially toward the longwall 

panel from Day 0 to Day 7 before major roof caving begins, then retracts from Day 7 to 

Day 13 after major roof caving, before moving back to or farther than the location on 

Day 7 during Day 13 to Day 16; 2) The amount of horizontal movement is directly 

proportional to the distance from the longwall panel with the largest movements recorded 

in the set-up rooms area (see inset in Figure 30).  The rotational movement above is also 

supported by data collected from CR points located in Area C (see Figure 27). Figure 32 

illustrates hypothesized movements and is exaggerated for clarity. Points AB and BC 

remained almost unchanged while distances between all other points increased with the 

largest increase seen in Points AD and CD suggesting that Point D moved the most 

toward the longwall.  Numerical modeling of set-up rooms using FLAC3D supports data 

collected in the field.  

 

The following summary of monitoring and analyses in the 7
th

 West longwall panel were 

presented to professionals at the mine and at the Illinois Office of Mines and Minerals:  

 

 The set-up rooms area undergoes significant vertical and horizontal movement as 

the longwall face mines away from the set-up rooms. Vertical movements on the 

order of six inches behind the set-up rooms were noted while horizontal 

movements on the order of three inches were recorded.  

 Pillars in set-up rooms are rotating toward the mined-out area (see Figure 31). 

 The rock mass around the area where the next set-up rooms for the adjacent 

longwall panel will be developed show considerable deformation. Energy related 
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to these deformations is stored within the rock mass and will be released when 

those set-up rooms are mined. 

 Numerical models show that the first row of pillars within the set-up rooms are 

yielding and may be too small leading to several alternate geometries being 

developed and discussed with mine professionals for field demonstration in the 

adjacent longwall panel.  Geometries agreed upon by mine professionals and the 

project team were modeled using FLAC3D to ensure that they would be stable 

during field demonstrations. 

 

8
th

 West Longwall Panel: Data was collected for all points installed in the 8
th

 West 

longwall panel and for two HP points and CR-A and CR-B located in Area C of the 7
th

 

West longwall panel (see Figure 27) on May 17, 24, and 26, and June 1, 8, and 16, 2011.  

 

Crib Rosette Points: CR-C was installed on June 23, 2011 in XC83 outby CR-A and CR-

B. The cumulative movement of individual points from each crib since their date of 

installation to the last measurement taken on July 7, 2011 is given in Table 12. CR-B 

shows the largest amount of movement between points with most points showing 

increased distance. CR-A measurements indicate distances between Points A, B, and D 

decrease while Point C moves away. This supports earlier data from CR points in the 7
th

 

West headgate return that a slight rotational movement occurs once the longwall face 

starts to advance. CR-C measurements all decrease which may also support this theory 

since at the time of measurement on July 7, 2011, it was located at the fulcrum point of 

this rotational movement toward the 8
th

 West longwall panel. Moisture content 

measurements taken during the study period indicate crib element moisture content 

stabilized after June 23, 2011 at approximately 18.5%. The largest incremental 

movements recorded for each crib rosette occurred after this date and can be attributed to 

movements caused by the mine roof or floor rather than shrinkage of crib elements due to 

moisture loss. 

 

Roof-to-Floor Convergence Points: Cumulative roof-to-floor convergence measured 

through July 7, 2011 is shown in Table 13. RF-1 and RF-2 located in the 8
th

 West 

headgate return in XC84 and XC85 show the least convergence and their convergence 

trend over time is illustrated in Figure 33. RF points located in Room 2 intersections of 

the set-up rooms indicate substantial convergence once the longwall face began 

advancing. RF-9 and RF-575 experienced the highest convergence, which was expected 

since they were located nearer the center of the longwall panel. Convergence at RF-7, 

RF-8, RF-9, and RF-575 occurred during the 7-day period between their installation on 

June 30, 2011 and the last measurement on July 7, 2011.  

 

Roof Bolt Rosette Points: Six measurements were recorded for each RR point as 

previously described. Cumulative change in distance between points with regard to date 

measured is presented in Table 14. All RF points could not be measured after June 16 due 

to installation of I-beams and other supplemental roof support in the area. 

 

Horizontal Movement Points: The cumulative movement of each horizontal point away 

from their respective anchor point is given in Table 15. HP-A represents the cumulative 
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movement over the 51-day period from May 17 to July 7, 2011. HP-B1, -B2, -575S, and  

-300S represent movement over the 14-day period from June 23 to July 7, 2011. The 

largest movement occurred at Points HP-575S and HP-300S located nearest the longwall 

panel in Room 2 of the set-up entries. Distances between anchors and each measurement 

point for HP-B1 decreased slightly while they increased for HP-B2 indicating that with 

longwall face advance, the center of the set-up rooms area moved slightly toward the gob 

area while set-up rooms areas near gate entries remained more stable.   

 

Measurements at HP-7, HP-8, and HP-9, located in the 7
th

 West longwall headgate return 

entry, on June 8, 16, and 30, 2011, indicate an average movement of 0.446 of an inch 

during the 131-day period from January 28 and June 8 of 2011. During the 22-day period 

from June 8 to June 30, 2011, an average of only 0.063 of an inch of movement was 

recorded.  Access to other points in the 7
th

 West headgate was blocked by an air lock. 

 

The following summarizes monitoring and analyses in the 8
th

 West longwall panel: 

 

 RF points have not shown significant movement to date; all recorded movements 

are within 0.0625 of an inch. CR points have shown only slight movement 

without any trend. HP points indicate only slight movement of about 0.125 of an 

inch outby. RF points indicate convergence of about 0.125 of an inch at RF-1 

located at XC85 and 0.375 of an inch at RF-2 located in XC84. Convergence 

steadily increased during the monitoring period with the largest increase observed 

when the 8
th

 West set-up rooms and bleeder entries approached and mined into 

the 7
th

 West headgate return entry.  

 As a result of field studies in the 7
th

 West longwall panel set-up rooms and 

bleeder entries, professionals at the Mine 2 increased the size of the coal pillar 

between Rooms 1 and 2 in the set-up rooms for the 8
th

 West longwall panel from 

100 to 125 feet c-c. Roof failures in the 7
th

 West had forced abandonment of the 

initial set-up rooms and the subsequent relocation and mining of a new set of 

rooms. The increased pillar size in conjunction with a more competent roof 

resulted in the 8
th

 West set-up rooms being mined, the longwall face installed, and 

longwall mining to begin without roof control issues. 

 Movements recorded at monitoring points in the 8
th

 West longwall panel indicate 

slightly less movement of roof strata than was measured in the 7
th

 West longwall 

panel. For CR points located in the last two crosscuts of the 7
th

 West and 8
th

 West 

headgate entries, the percentage of dimensional change was 0.26% and 0.10%, 

respectively. For RF points, cumulative convergence for three points in the 7
th

 

West and three points in the 8
th

 West measured 8.126 and 5.615 inches, 

respectively. HP data from the 8
th

 West panel also indicates slightly less 

movement of roof strata. This can be seen from total movement recorded in the 8
th

 

West at intersections 300S and 575S in Room 2 of 0.265 and 0.34375 of an inch, 

respectively, while in the 7
th

 West at intersections 150S, 300S, and 450S in Room 

2, movements of 0.438, 0.604, and 0.333 of an inch were measured. 
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CONCLUSIONS AND RECOMMENDATIONS 

 

The study was very successful and has enhanced the knowledge base for improving 

ground control at intersections and in set-up rooms. The following major conclusions are 

worthy of note:  

 

 A 3-D model of joint orientations resulted from the additional task of joint 

mapping. These orientations are being integrated into primary and secondary 

support designs. 

 Short encapsulation pull test (SEPT) studies concluded that: 1) Anchorage 

stiffness (AS) estimation should be an integral part of SEPT since it characterizes 

a bolt’s potential to provide rock mass reinforcement, 2) AS around 50% of the 

bolt failure load (AS-50) varies much more than grip factor (GF), 3) GF and AS-

50 values are similar in different lithologies, 4) AS-50 values for bolts tested long 

after their installation are typically lower, 5) Increasing annulus size is the single 

most important variable that reduces the GF and AS-50 values. It is important that 

wear on drill bits should be monitored to ensure planned roof bolt characteristics. 

 An alternate roof support concept for intersections was successfully demonstrated 

using ATLAS 100S cribs developed by the project team. 

 Mechanisms of instability for set-up rooms were identified and an alternate 

geometry developed that seems to be much more stable than the previously used 

geometry. Additional studies are underway to further improve this geometry as 

well as primary and secondary support systems used in the geometry. 

 

With the project growth in longwall mining in Illinois, it is strongly recommended that 

in-mine ground control studies supported by numerical modeling should be expanded. 
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FIGURES 

 

 

Figure 1: Surface highwall mine cross-sectional roof rock stratigraphy showing 

dip angle of primary joints.  (Dashed lines indicate stratigraphic boundaries.) 

 

76º  
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Figure 2: Equal area stereographic projections of primary (left image) joint orientations 

and secondary (right image) joint orientations (Allmendinger, 2006). 

 

 

Figure 3: Equal area stereographic projection of average attitude of primary (blue) and 

secondary (red) joint orientations (Allmendinger, 2006). 

 

 

Figure 4: SEPT equipment set-up. 
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(a) (b) (c) 

 
(d)                                (e) 

Figure 5: Testing DDAS and SEPT equipment at SIUC Materials Test Laboratory. 

 

 

Figure 6: Load cell calibration with load-deformation graph. 
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Figure 7: Roof bolt installation for SEPT at Mine 1 – Site 1. 

 

 

 

Figure 8: Roof bolt installation for SEPT at Mine 1 – Site 2. 
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Figure 9: Roof bolt installation for SEPT at Mine 2 – Site 1. 

 

 

 

Figure 10: Roof bolt installation for SEPT at Mine 2 – Site 2. 
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(a)                                                         (b) 

Figure 11: Anchorage location in roof for bolts at Mine 2 – Sites 1(a) and 2(b). 

 

 

 

Figure 12: Modeled area of a typical four-way intersection. 
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Figure 13: 3-D numerical model for intersection analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14: Typical longwall mining panel layout at the cooperating mine. 
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Figure 15: Lithologic column used for numerical model. 

 

 

Figure 16: Plan view of area modeled for the typical longwall panel geometry. 
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Figure 17: Maximum SCF values for different values of M. 

 

 

Figure 18: Maximum SCF values for varying Wo/Ho. 

 

 

Figure 19: Cut sequences for developing an intersection. 
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Figure 20: Proposed secondary roof bolt support layout. 

  

 
(a)              (b) 

Figure 21: Section A-A’ Model 1 (a) and Section A-A’ Model 2 (b). 

 

 

 
(a)                        (b) 

Figure 22: Section B-B’ (N-S) Model 1 (a) and Section B-B’ (N-S) Model 2 (b). 
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Figure 23: ATLAS 100S crib locations in 7
th

 West longwall panel. 

 

 

Figure 24: Schematic of ATLAS 100S crib showing steel strap attached with lag bolts. 

 

 
(a)                                                                    (b) 

Figure 25: Typical monitoring stations for roof-to-floor convergence (a) and horizontal 

roof movement (b). 
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(a)                                                                  (b) 

Figure 26: Crib rosette (a) and roof bolt rosette (b) measurement points. 

 

 

Figure 27: Monitored areas in 7
th

 west longwall bleeder and set-up room areas. 

 

 

Figure 28: Monitoring stations in 8
th

 west longwall bleeder and set-up room entries. 
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Figure 29: Roof-to-floor convergence trend within 7
th

 West set-up room area. 

 

 

Figure 30: HP and RF data recorded in 7
th

 west longwall set-up rooms and bleeder entry. 
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Figure 31: Hypothesized rotational pillar movement in 7
th

 west longwall set-up rooms. 

 

 

Figure 32: Rotational movement of cribs in 7
th

 west headgate return entry. 

 

 

Figure 33: Convergence data from RF-1 and RF-2 in 8
th

 West longwall panel. 
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TABLES 

 

Table 1: Bolts installed for SEPT at Mine 1 – Sites 1 and 2. 

Site Bolt Size Bolt Grade 
Bolt Length 

(feet) 
Bolt Type 

Number 
Installed 

1 

#6 40 4 passive rebar 12 

#6 40 6 passive rebar 12 

#6 40 8 passive rebar 9 

#6 40 6 tension rebar 2 

2 

#6 40 4 passive rebar 6 

#6 40 6 passive rebar 6 

#6 40 8 passive rebar 6 

 

Table 2: Bolts installed for SEPT at Mine 2 – Sites 1 and 2. 

Site Bolt Size Bolt Grade 
Bolt Length 

(feet) 
Bolt Type 

Number 
Installed 

1 

#7 60 6 passive rebar 6 

#7 60 8 passive rebar 5 

#7 60 6 tension rebar 6 

#7 60 8 tension rebar 5 

2 

#7 60 10 passive rebar 3 

#7 60 10 tension rebar 3 

#7 60 10 passive cable 3 

 

Table 3: SEPT data from Mine 1. 

Bolt Length /  
Drill Hole Diameter / 

Bolt Type  
(inches) 

GF 
(tons/in) 

AS-50 
GF 

(tons/in) 
AS-50 

GF 
(tons/in) 

AS-50 

Site 1 

Day 0 Day 140 Day 273 

48 / 1 / PR 1.01 109875 0.9554 108970 0.92 97746 

48 / 1.375 / PR 0.9067 125125 0.975 182726 0.73 92832 

72 / 1 / PR 0.9271 95707 1.01 144086 0.95 106146 

72 / 1.375 / PR 0.4133 13069 0.6583 39581 0.46 149054 

96 / 1 / PR 0.559 51096 0.846 87920 0.82 76270 

96 / 1.375 / PR   0.75 60834 0.55 96212 

 
Site 2 

Day 0 Day 125 Day 258 

48 / 1 / PR 0.84 76009 0.97 549597 0.97 222176 

72 / 1 / PR 0.91 84335 0.95 685795 0.95 527345 

96 / 1 / PR 0.86 83751 0.96 194954 0.83 189885 
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Table 4: Percent change in GF and AS-50 at Mine 1. 

Site 1 

Bolt ID 

% Change in GF % Change in AS-50 

Time periods (days) 

0 - 140 140 - 273 0 - 273 0 - 140 140 - 273 0 - 273 

48 / 1 / PR -5.4 -3.7 -8.9 -0.8 -10.3 -11.0 

48 / 1.375 / PR 7.5 -25.1 -19.5 46.0 -49.2 -25.8 

72 / 1 / PR 8.9 -5.9 2.5 50.5 -26.3 10.9 

72 / 1.375 / PR 59.3 -30.1 11.3 202.9 276.6 1040.5 

96 / 1 / PR 51.3 -3.1 46.7 72.1 -13.3 49.3 

96 / 1.375 / PR  -26.7 -26.7  58.2 58.2 

Site 2 

Bolt ID 
Time periods (days) 

0 - 125 125 - 258 0 - 258 0 - 125 125 - 258 0 - 258 

48 / 1 / PR 15.5 0.0 15.5 623.1 -59.6 192.3 

72 / 1 / PR 4.4 0.0 4.4 713.2 -23.1 525.3 

96 / 1 / PR 11.6 -13.5 -3.5 132.8 -2.6 126.7 

 

Table 5: Load cell data from Mine 1. 

Load 
Cell ID 

Bolt Length 
(inches) 

Compression 
(inches) 

Load Increase or (Decrease) 
(pounds) 

Site 1 – Day 0 to Day 273 

A 96 0.00713 550 

B 72 0.00525 400 

C 48 0.01018 850 

Site 2 – Day 0 to Day 258 

1 48 0.042946 1100 

2 72 0.049940 1050 

3 96 0.061946 3400 

 

Table 6: SEPT data from Mine 2. 

Bolt Length / 
Drill Hole Diameter / 

Bolt Type  
(inches) 

GF (tons/in) AS-50 GF (tons/in) AS-50 GF (tons/in) AS-50 

Site 1 

Day 0 Day 121 Day 195 

72 x 1.375 PR 0.944 98893 0.785 100409 0.903 85050 

72 x 1.375 TR 0.909 234088 0.879 175379 0.900 189493 

96 x 1.375 PR 0.877 102964 0.675 93526 0.856 121203 

96 x 1.375 TR 0.697 2379188 0.785 186918 0.752 415421 

 
Site 2 

Day 0 Day 114 Day 188 

120 x 1.375 PR 0.939 180756 0.235 17686   

120 x 1.375 TR 0.722 62027   0.3 48795 

120 x 1.375 PC     0.484 23646 
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Table 7: Percent change in GF and AS-50 at Mine 2. 

Site 1 

Bolt ID 

% Change in GF % Change in AS-50 

Time period (days) 

0 - 121 121 – 195 0 to 195 0 - 121 121 - 195 0 - 195 

72 / 1.375 / PR -16.8 15.0 -4.3 1.5 -15.3 -14.0 

72 / 1.375 / TR -3.3 2.4 -1.0 -25.1 8.0 -19.1 

96 / 1.375 / PR -23.0 26.8 -2.4 -9.2 29.6 17.7 

96 / 1.375 / TR 12.6 -4.2 7.9 -92.1 122.2 -82.5 

Site 2 

Bolt ID 
Time period (days) 

0 - 114 114 - 188 0 - 188 0 - 114 114 - 188 0 - 188 

120 / 1.375 / PR -75.0 n/a n/a -90.2 n/a n/a 

120 / 1.375 / TR n/a n/a -58.4 n/a n/a -21.3 

120 / 1.375 / PC n/a n/a n/a n/a n/a n/a 

 

 

Table 8: Torque measurement data for Mine 2. 

Bolt ID 
Torque (ft-lbs) Loss 

(%) Day 0 Day 121 

1 295 285 3.4 

2 250 240 4.0 

3 305 290 4.9 

4 297 255 14.1 

Mean 286.75 267.5 6.7% 

 

 

Table 9: Load cell data from Mine 2. 

Site 1 

Load Cell 
ID 

Bolt Length / 
Type 

Change in Load (lbs) 

Day 0 to 
121 

Day 121 to 
195 

Day 0 to 
195 

1 120 TR 1200 <250 1200 

2 96 PR (<250) 350 400 

3 96 TR 2600 <250 2550 

4 72 PR (250) 750 850 

5 72 TR 2200 550 2700 

Site 2 

Load Cell 
ID 

Bolt Length / 
Type 

Change in Load (lbs) 

Day 0 to 
114 

Day 114 to 
188 

Day 0 to 
188 

1 120 TR 750 (<250) 550 

2 120 TR 850 <250 1100 
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Table 10: Rock mass properties used for numerical modeling. 

Rock Type 
Young’s 

Modulus (MPa) 
Poisson’s 

Ratio 

Tensile 
Strength 

Friction 

Angle () 

Cohesion 
(MPa) 

Limestone 4826 0.18 1.5 25 12 

Black shale 689 0.3 0.45 25 4.5 

Weak limestone 3000 0.22 1 30 8 

Lawson shale 517 0.35 0.35 20 3 

Grey shale 2068 0.27 1 27 6.5 

Coal 1034 0.32 0.45 26 4.5 

Weak claystone 207 0.35 0.068 20 0.9 

 

 

Table 11: Joint properties used for numerical modeling. 

Parameters Value 

Cohesion 0.2 MN/m2
 

Angle of Internal Friction 25 

Ks 50 GPa/m 

Kn 50 GPa/m 

 

 

Table 12: Cumulative CR point movements – 8
th

 West longwall. 

Rosette 

Point-to-Point Distance (inches) 

A to B B to C C to D D to A A to C B to D 

CR-A -0.1250 0.0625 0.0625 -0.1250 0.0469 -0.1250 

CR-B 0.0000 0.4375 3.1250 0.0000 0.1250 0.0625 

CR-C -0.1875 -0.1250 -0.0625 -0.2500 -0.2500 -0.1250 

 

 

Table 13: Roof-to-floor convergence – 8
th

 West longwall. 

Point ID 
Convergence 

(inches) 

RF-1 0.50 

RF-2 0.75 

RF-7 1.3125 

RF-8 0.875 

RF-9 3.4375 

RF-575 1.75 
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Table 14: Roof bolt rosette movement – 8
th

 West longwall. 

RR 
ID 

Location 
Elapsed 

Time 
(days) 

Point-to-Point Distance (inches) 

A to B B to C C to D D to A A to C B to D 

1 
Room #4 

0+00S 
31 0.0000 0.0625 0.0000 0.0000 0.0000 0.0000 

2 
Room #4 

1+50S 
31 0.0000 -0.0625 -0.1250 -0.0625 -0.1250 0.0000 

3 
Room #4 

3+00S 
31 -0.0625 0.0000 0.1875 -0.0625 0.1250 0.0625 

4 
Room #3 

0+00S 
31 -0.0625 -0.4375 -0.0625 -0.1250 -0.1250 -0.1250 

5 
Room #3 

1+50S 
44 0.0625 0.1250 -0.0625 0.1875 0.0000 -0.0625 

6 
Room #3 

3+00S 
44 0.0625 0.0000 -0.0625 0.0000 -0.0625 0.0000 

7 
Room #2 

0+00S 
44 0.0000 0.0625 -0.0625 -0.0625 -0.0625 0.0000 

8 
Room #2 

1+50S 
44 0.0000 0.1875 0.0000 0.0000 0.1875 0.0625 

9 
Room #2 

3+00S 
44 0.1250 0.1875 0.0000 0.1250 0.1875 0.1250 

10 No access after installation due to belt equipment 

11 
Room #1 

1+50S 
22 0.0000 0.0625 0.0625 -0.0625 0.0000 -0.0625 

12 
Room #1 

3+00S 
31 0.0630 -0.1250 0.0625 -0.0625 0.0000 -0.8125 

13 
Room #3 

10+00S XC 
15 0.0000 0.0000 0.0000 0.0000 0.0625 0.1250 

14 
Room #3 
10+00S 

36 0.0000 0.2500 -0.2500 -0.0625 0.0625 0.0625 

15 
Room #2 

5+75S 
7 0.1250 0.2500 0.1250 0.1250 0.2500 0.3750 

 

 

Table 15: Cumulative horizontal distance movements - 8
th

 West longwall. 

Horizontal 
Point ID 

Change in Distance from Anchor to Points (inches) 

Pt 1 Pt 2 Pt 3 Pt 4 Pt 5  

HP - A 0.5625 0.3125 0.4375 0.2500 0.5000 

HP - B1 -0.0625 -0.0625 -0.0625 n/a n/a 

HP - B2 0.1875 0.2500 0.3750 n/a n/a 

HP - 575S 0.0000 0.3125 0.3750 0.3750 n/a 

HP - 300S 0.1875 0.3125 0.3750 0.5000 n/a 
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DISCLAIMER STATEMENT 

 

This report was prepared by Dr. Y.P. Chugh of Southern Illinois University Carbondale, 

with support, in part, by grants made possible by the Illinois Department of Commerce 

and Economic Opportunity through the Office of Coal Development and the Illinois 

Clean Coal Institute.  Neither Dr. Y.P. Chugh and Southern Illinois University 

Carbondale, nor any of its subcontractors, nor the Illinois Department of Commerce and 

Economic Opportunity, Office of Coal Development, the Illinois Clean Coal Institute, nor 

any person acting on behalf of either: 

 

(A) Makes any warranty of representation, express or implied, with respect to the 

accuracy, completeness, or usefulness of the information contained in this report, 

or that the use of any information, apparatus, method, or process disclosed in this 

report may not infringe privately-owned rights; or 

 

(B) Assumes any liabilities with respect to the use of, or for damages resulting from 

the use of, any information, apparatus, method or process disclosed in this report. 

 

Reference herein to any specific commercial product, process, or service by trade name, 

trademark, manufacturer, or otherwise, does not necessarily constitute or imply its 

endorsement, recommendation, or favoring; nor do the views and opinions of authors 

expressed herein necessarily state or reflect those of the Illinois Department of 

Commerce and Economic Opportunity, Office of Coal Development, or the Illinois Clean 

Coal Institute.  

 

Notice to Journalists and Publishers:  If you borrow information from any part of this 

report, you must include a statement about the state of Illinois’ support of the project. 
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APPENDIX 

 

Load displacement curves from SEPT work are shown in Figures A.1 through A.13. 

 
 

 

Figure A.1: 48 x 1 PR SEPT data for Mine 1 – Sites 1 and 2. 
 

 

Figure A.2: 48 x 1.375 SEPT data for Mine 1 – Site 1. 
 

 

Figure A.3: 72 X 1 SEPT data form Mine 1 – Sites 1 and 2. 
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Figure A.4: 72 x 1.375 SEPT data Mine 1 – Sites 1 and 2. 
 

 

Figure A.5: 96 x 1 SEPT data Mine 1 – Sites 1 and 2. 
 

 

Figure A.6: 96 x 1.375 SEPT data Mine 1 – Sites 1 and 2. 
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Figure A.7: 72-inch PR SEPT data Mine 2 – Site 1. 
 

 

Figure A.8: 72-inch TR SEPT data Mine 2 – Site 1. 
 
 

 

Figure A.9: 96-inch PR SEPT data Mine 2 – Site 1. 
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Figure A.10: 96-inch TR SEPT data Mine 2 – Site 1. 
 

 

Figure A.11: 120-inch PR SEPT data Mine 2 – Site 2. 
 

 

Figure A.12: 120-inch TR SEPT data Mine 2 – Site 2. 
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Figure A.13: 120-inch PC SEPT data Mine 2 – Site 2. 

 

 

Peak load (PL) values from SEPT work are shown in Tables A.1 through A.4. 

 

 

Table A.1: SEPT data from Mine 1. 

Site 
Drill Hole 

Diameter (inch) 
Day 

48-inch Bolt 
Peak Load 

(tons) 

72-inch Bolt 
Peak Load 

(tons) 

1 

1 0 12.22 11.75 

1 0 12.14 10.50 

1.375 0 10.64 4.23 

1.375 0 11.12 5.69 

1 140 11.9 12.39 

1 140 11.03 11.90 

1.375 140 12.6 10.60 

1.375 140 10.8 5.20 

1 273 10.97 11.18 

1 273 10.99 11.62 

1.375 273 11.05 5.75 

1.375 273 6.55 5.40 

2 

1 0 9.67 9.60 

1 0 10.6 12.30 

1 125 12.3 12.20 

1 125 11.06 10.60 

1 258 12.64 11.36 

1 258 11.48 11.75 
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Table A.2: SEPT data from Mine 1. 

Site 
Drill Hole 

Diameter (inch) 
Day  

96-inch Bolt 
Peak Load 

(tons) 

1 

1 0 8.03 

1 0 5.39 

1 140 9.20 

1 140 11.10 

1.375 140 12.60 

1.375 140 5.40 

1 273 7.03 

1 273 12.71 

1.375 273 6.65 

2 

1 0 9.70 

1 0 10.97 

1 125 11.40 

1 125 11.60 

1 258 9.64 

1 258 10.21 

 

Table A.3: SEPT data from Mine 2 – Site 1. 

72-inch Bolts 96-inch Bolts 

Type Day 
Peak Load 

(tons) 
Type Day 

Peak Load 
(tons) 

PR 0 21.26 PR 0 20.18 

PR 0 22.15 PR 121 20.22 

PR 121 20.22 PR 121 10.83 

PR 121 15.88 PR 195 19.45 

PR 195 19.81 PR 195 19.91 

PR 195 21.74 TR 0 17.90 

TR 0 20.83 TR 0 14.16 

TR 0 20.97 TR 121 18.77 

TR 121 20.58 TR 121 17.33 

TR 121 19.86 TR 195 14.73 

TR 195 20.71 TR 195 19.86 

 

Table A.4: SEPT data from Mine 2 – Site 2. 

Type Day 
120-inch Bolt 

Peak Load 
(tons) 

PR 0 21.60 

PR 114 5.415 

TR 0 16.60 

TR 188 6.95 

TR 188 6.85 

PC 114 n/a 

PC 188 7.83 

PC 188 14.44 

 
 


