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ABSTRACT 

 

The “ATLAS” engineered wooden crib was developed at Southern Illinois University 

Carbondale to improve supplemental standing roof support for underground mining 

applications.  Three designs (ATLAS 100, 200, and 300 series) have been developed.  

The ATLAS 100 crib was designed to provide the same amount of support as a 

conventional crib with improved stiffness, lower weight members, and less ventilation 

resistance.  The ATLAS 300 crib is a physically larger version of the ATLAS 100 crib 

with higher stiffness and increased load capacity.  

 

The first phase of this study (ICCI Project No. DEV07-2) included testing by the 

National Institute for Occupational Safety and Health (NIOSH) and acceptance for 

underground use as a supplemental roof support by the Mine Safety and Health 

Administration.  ATLAS 100 cribs were also demonstrated as support in a longwall 

headgate.  The second phase (ICCI Project No. 08-1US-2) continued the field 

demonstration with the same ATLAS 100 cribs now used as tailgate entry support.  In the 

third phase (ICCI Project No. 08-1/3.1B-1), ATLAS 100 and 300 series cribs were 

installed for demonstration as tailgate entry support and instrumented by NIOSH for real-

time monitoring.  Performance data for ATLAS 100 cribs were collected, analyzed, and 

reported; however, poor roof conditions in the mine slowed the advance of the longwall 

face preventing collection of performance data for ATLAS 300 cribs.  This was finally 

completed in this fourth phase of the engineered cribs project. Results from this fourth 

phase study indicate ATLAS 300 cribs experienced less convergence than either ATLAS 

100 or conventional cribs during the previous studies listed above. 

 

This fourth phase also includes two additional developments in the engineered crib 

concept.  In response to industry input, the ATLAS 100S, a steel-reinforced version of 

the ATLAS 100 with stiffer load response and added stability under loading, was 

developed.  Additional field demonstrations are needed to test this improvement.  Finally, 

a lightweight all-steel crib similar in design to the ATLAS wooden crib was developed.  

Steel crib elements were tested at NIOSH’s Pittsburgh laboratory with results indicating 

high load carrying capacity and very high stiffness, but the need to modify post-failure 

characteristics.  Research continues on a redesigned steel crib with further testing and 

field demonstrations proposed for the next phase of this engineered crib project.   
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EXECUTIVE SUMMARY 

 

Continuing and New Developments 

 

The engineered wooden crib known as the “ATLAS” crib was developed at SIUC as an 

improved supplemental standing roof support for underground mining applications.  

Three designs were developed and found suitable for underground use based on testing 

by the National Institute for Occupational Safety and Health (NIOSH).  The ATLAS 100 

series is designed to replace currently used conventional cribs and has a similar load 

carrying capacity of 50-70 tons but a higher stiffness. The ATLAS 200 series has higher 

load carrying capacity (~80 tons) and higher stiffness then the ATLAS 100 series. The 

ATLAS 300 series crib is a physically larger version of the ATLAS 100 crib with 

increased load carrying capacity (~130 tons) and higher stiffness. A field demonstration 

study of ATLAS 100 cribs and conventional cribs as tailgate entry support in a southern 

Illinois mine indicated that these cribs performed effectively as standing roof supports in 

longwall tailgate and headgate entries. Another study involved an extended field 

demonstration of ATLAS 100 and 300 cribs as tailgate entry support in cooperation with 

NIOSH. Performance data for ATLAS 100 cribs was collected and reported; however, 

due to poor roof conditions encountered in the mine, longwall face progress was slowed 

and performance data on ATLAS 300 cribs could not be collected. This report now 

includes performance data for ATLAS 300 cribs. 

 

The ATLAS 100S crib was also developed as part of this project.  It has higher load 

carrying capacity than the ATLAS 100 crib and improved structural stability. The 

ATLAS 100S crib has narrow steel straps the height of the crib that are fastened to each 

horizontal crib member around the center of each side of the crib. Field performance of 

these cribs as longwall headgate intersection and tailgate roof support was evaluated in 

this project.  

 

An additional new development during this project was a lightweight steel crib with high 

stiffness (300-400 tons/inch) and high load carrying capacity (~200 tons). Each 8-inch 

high crib element weighs only about 25 lbs.  

 

Details of Field Demonstrations 

 

All field studies were performed at the American Coal Company Galatia Mine that 

operates in Herrin #6 seam at a depth of about 600 feet. The longwall face is 1,000 feet 

wide and the average mining height is about 6.5-7 feet. The first demonstration area was 

located in the 6
th

 West headgate return entry (6HGR) that subsequently became the 

tailgate entry for the 7
th

 West longwall panel (7TG). Average mining height and entry 

width were 84 inches and 18 feet, respectively. The mine floor was relatively competent 

and as-mined entries had stable roof conditions. ATLAS 100S and ATLAS 300 cribs 

were installed in the area. A second demonstration area was located in two travel-way 

intersections in the headgate of the 7
th

 West longwall panel (7HG).  The mined height in 

these intersections ranged from 81 to 94 inches. Roof and floor strata were dry and 

competent in both intersections. Adequate support of the headgate travel-way entry and 
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intersections is necessary to provide access to an evaluation point for monitoring 

atmospheric conditions behind the advancing longwall face. This evaluation point is 

typically located in the intersection directly adjacent to the longwall set-up room. A 

continuous double row of crib supports was installed from the bleeder entry to an 

evaluation point located in the headgate travel-way entry. Cribs were spaced 0 to 5 feet 

apart with additional cribs installed at each intersection and in crosscuts.   

 

Field study results are presented for three distinct time periods: 1) December 1, 2010 

through January 9, 2011, which was from crib installation until the 6
th

 West longwall 

panel reached the recovery rooms; 2) January 11, 2011 through January 17, 2011 during 

which the longwall face equipment was moved from the 6
th

 West panel recovery rooms 

to the 7
th

 West panel set-up rooms; and 3) January 18, 2011 through May 31, 2011 during 

which the 7
th

 West panel was mined until data monitoring stopped.   

   

Field Demonstration Results for ATLAS 300 Cribs 

 

Period 1: Monitoring of ATLAS 300 Cribs 1, 2, and 3 indicated crib convergence of 

0.1625, 0.2375, and 0.1500 inches, respectively.  Only about 0.05 inches of this 

convergence occurred between installation and when the 6th West longwall face mined 

through the test area. Stations 1 and 2 monitoring roof-to-floor convergence around Cribs 

1 and 2 indicated total convergence of 0.55 and 0.45 inches, respectively. Similarly, most 

of this convergence occurred after the 6
th

 West longwall face passed the test area.   

 

Period 2: Data indicated little or no additional convergence.  

 

Period 3: Data collected during this period indicated a steadily increasing rate of 

convergence as the 7
th

 West longwall face approached the test area.  The rate of 

convergence accelerated significantly during the last 300 feet of face advance monitored.  

Monitoring equipment was removed by the time the longwall face had advanced 20 feet 

beyond the demonstration area.  Maximum convergence for ATLAS 300 Cribs 1, 2, and 

3 were 0.7119, 0.4508, and 0.4432 inches, respectively.  Maximum roof-to-floor 

convergence measured at Stations 1 and 2 were 2.04 and 1.29 inches, respectively.   

 

Field Demonstration Results for ATLAS 100S Cribs 
 

Period 1:  Monitoring of ATLAS 100S Cribs 5, 6 and 7 indicated convergence of 0.2750, 

0.4100, and 0.2875 inches, respectively. Most convergence occurred after the 6
th

 West 

longwall face passed the test area. Stations 5 and 7 monitoring roof-to-floor convergence 

around Cribs 5 and 7 measured total convergence of 0.5500 and 0.7875 inches, 

respectively.  

 

Period 2: Data indicated little or no additional convergence.  

 

Period 3: A steady increasing rate of convergence was observed as the 7
th

 West longwall 

face approached the test area similar to for ATLAS 300 cribs. The rate of convergence 

accelerated significantly during the last 300 feet of face advance monitored.  Monitoring 
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equipment was removed by the time the longwall face had advanced 10 feet beyond the 

ATLAS 100S demonstration area.  Maximum convergence for ATLAS 100S Cribs 5, 6, 

and 7 were 1.0325, 1.1900, and 1.3986 inches, respectively.  Maximum roof-to-floor 

convergence measured at Stations 5 and 7 were 1.7227 and 2.9840 inches, respectively. 

 

Demonstration of ATLAS 100S Cribs as Intersection Support: ATLAS 100S cribs 

performed very well as intersection support. Visual observations and sounding the 

attached steel plate showed that these cribs were structurally sound and were providing 

large load carrying capacity for both intersections. No buckling of cribs was observed at 

any location. 

 

Laboratory Test Results for Steel Cribs 
 

Laboratory tests indicated the stiffness characteristics and load carrying capacity of the 

steel crib to be very promising. NIOSH tested three crib heights of 6, 8, and 10 feet to 

evaluate their performance for different aspect ratios. Results for the 6-ft high crib under 

uniform loading showed minimal deformation at 150 tons load.  This crib also performed 

very well under differential loading with a 2-inch thick Styrofoam block placed under 

one leg of the crib structure. The test-to-failure showed that the crib carried a peak load 

of 180 tons load prior to shedding load down to about 65 tons. The crib structure 

maintained approximately 65 to 80 tons load over a deformation of 14 inches.  Results of 

testing indicated a high load carrying capacity and very high stiffness but requiring 

modification of post-failure characteristics. Additional research is being done to improve 

post-yielding characteristics. Testing of improved designs is planned for later in 2011.  
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OBJECTIVES 

 

The overall goal of this project was to satisfy the expressed objectives of industry, Mine 

Safety and Health Administration (MSHA), and National Institute for Occupational 

Safety and Health (NIOSH) ground control experts that a fundamental characteristic of a 

good standing roof support is its ability to quickly respond to loading, provide adequate 

load bearing capacity, and maintain stability while under peak load. Under three previous 

ICCI grants and in cooperation with NIOSH, Peabody Energy Wildcat Hills Mine, and 

American Coal Galatia Mine, ATLAS 100 cribs were field demonstrated in both longwall 

and room-and-pillar mining conditions. The ATLAS 300 crib was field tested, the 

ATLAS 100 crib was slightly modified through steel reinforcement into a crib structure 

designated as ATLAS 100S, which was also field-tested, and a steel crib was developed 

and tested in the laboratory to determine if they satisfied these fundamental 

characteristics.  This project was completed as five tasks. 

 

Task 1 – Instrument ATLAS 300 Cribs and Set Up Automated Data Logger 
 

ATLAS 300 and 100S cribs in longwall panels at the Galatia Mine were instrumented 

with convergence monitoring systems and data logging equipment supplied by NIOSH. 

 

Task 2 – Perform Field Demonstration of Engineered Cribs in Mines 

 

Geotechnical performance studies of engineered wooden cribs were conducted by the 

continuous monitoring of roof-to-floor convergence in areas where cribs were installed. 

 

Task 3 – Data Collection and Dismantling of NIOSH Data Logger 

 

Automated data collection systems were maintained by NIOSH and SIUC personnel 

including periodic replacement of batteries and data storage modules. Data storage 

modules were returned to NIOSH for data retrieval and data analysis. 

 

Task 4 – Data Analysis and Synthesis 

 

Analyses included load carried by cribs, roof-to-floor convergence in the demonstration 

area as a function of distance from the longwall face, crib vertical deformation, buckling 

of cribs, performance during dynamic loads associated with caving behind the longwall 

face, and visual observations of rib sloughing and roof and floor strata performance. 

 

Task 5 – Fabrication and testing of novel steel crib support 

 

Steel crib elements were fabricated to construct three 6-ft high cribs, which were tested at 

NIOSH facilities in Pittsburgh.   

 

 

  



6 

 

INTRODUCTION AND BACKGROUND 

 

Coal mines typically use wooden cribs to provide standing support between the roof and 

floor. Cribs are more extensively used in longwall mining than in room-and-pillar 

mining. They primarily support gate, set-up, and bleeder entries and provide temporary 

support during the shield removal process when moving longwall equipment from one 

panel to the next.  

 

Conventional cribs made of prismatic wooden blocks have several disadvantages and/or 

limitations. First, loading of the crib element is transverse to the wood grain leading to 

low stiffness and load carrying capacity and large deformations. Second, the cross-

section of a crib element is uniform even though most of the stress in the element is 

confined to the limited contact areas.  This makes elements heavier than they need to be 

and wastes a considerable amount of wood. Third, the uniform cross-section makes 

installation around irregular roof difficult. Fourth, handling crib elements for placement 

at heights above four feet requires considerable effort. Fifth, conventional cribs provide 

large resistance to airflow. 

 

A novel, engineered, composite wooden crib element was developed at SIUC in 2007 

that overcomes most of the above disadvantages. Results of testing at SIUC’s Materials 

Testing Laboratory located at the Illinois Coal Development Park (ICDP) and NIOSH 

facilities located in Pittsburgh, PA demonstrated that these crib supports are viable for 

longwall tailgate entries (Batchler, 2008; Gearhart, 2008). Reviews of these supports by 

highly experienced industry professionals were also positive. With ICCI funding, a field 

demonstration accomplished limited side-by-side performance comparisons of these 

supports and conventional cribs located on an active longwall face (Chugh et al., 2008; 

Gurley et al., 2009). This cooperative project between American Coal Company’s Galatia 

Mine, NIOSH, ICCI, and SIUC established the feasibility of using ATLAS cribs in 

longwall and room-and-pillar mining operations. 

 

The first phase demonstration area was located in the 1
st
 West longwall panel headgate 

return entry and extended over a distance of about 250 feet with adjacent sections of 

conventional cribs and engineered cribs. In each section, two rows of cribs were installed 

with cribs spaced 8 feet apart along the entry and approximately 5 feet apart across the 

entry. Cribs and convergence monitoring systems were installed by NIOSH and SIUC 

personnel during March 2008. The NIOSH data logger was removed in May 2008 as 

longwall equipment was being moved from the 1
st
 West longwall panel to the 2

nd
 West 

longwall panel. 

 

The second phase monitored the performance of engineered cribs as tailgate entry 

supports while the 2
nd

 West longwall panel mined through the demonstration area.  

ATLAS 100 cribs were also installed in two additional locations. The first was in four 

longwall headgate entry crosscuts near the beltline where they were subjected to extreme 

loading. The second area was part of an intersection support system demonstration at a 

room-and-pillar mine in an area where limestone was absent in the immediate roof strata 

and deteriorating roof conditions were common.  
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Based on Phase 1 and 2 results, the project team, NIOSH, and MSHA personnel agreed 

that a larger demonstration area was needed to further evaluate the performance of 

ATLAS 100 and 300 cribs. An area in the 4
th

 West headgate return entry that would 

become the tailgate entry for the adjacent 5
th

 West panel was selected and ATLAS 100 

cribs were installed over a distance of 950 feet.  Then ATLAS 300 cribs were installed 

for an additional 150 feet. Cribs were instrumented and roof-to-floor convergence 

monitoring stations were installed. Unfortunately, during this study the data storage 

module in the digital data acquisition system (DDAS) experienced problems and data for 

ATLAS 300 cribs was lost during the last portion of the study (Gurley et al., 2010). 

 

Throughout these studies, industry, MSHA, and NIOSH professionals have expressed the 

need for further improvements spawning the development of the ATLAS 100S and novel 

steel crib designs as a stronger, lighter weight, and more stable standing roof support. 

 

Development and Characteristics of ATLAS S-Series and Novel Steel Cribs 

 

ATLAS 100S: ATLAS 100S cribs are constructed from typical ATLAS 100 crib elements 

and reinforced using steel straps. Straps are attached vertically to the center of each 

element on the side of the crib structure as seen in Figure 1. Straps extend vertically 

approximately 2 inches above and below the top and bottom elements of the crib 

structure. When attached to the crib structure, steel reinforcing straps increase resistance 

to lateral movement under peak loads and improve load carrying capacity when 

compared to an ATLAS 100 crib. Testing at the Materials Testing Laboratory on 30-inch 

wide, 6-ft high cribs indicate, as shown in Figure 2, that the ATLAS 100S crib reached a 

peak load of over 100 tons with less than 4 inches deformation while the ATLAS 100 

crib achieved a peak load of only 98 tons load with over 5 inches deformation. Although 

36-inch long ATLAS 100 crib elements were chosen for construction of the ATLAS 

100S cribs demonstrated underground during this study, other lengths can also be used. 

The height-to-width aspect ratio of ATLAS 100S cribs can be easily designed to meet 

mine specific needs by increasing or decreasing the length of individual crib elements. 

Also, to meet more demanding load and stiffness requirements, ATLAS 300 crib 

elements can be used to construct ATLAS 300S cribs. The 0.125-inch thick X 1-inch 

wide steel straps used in this study to reinforce the ATLAS 100 crib structure can also be 

designed to increase load carrying capacity and stability of cribs. 

 

Novel steel cribs: Novel steel crib elements evolved through several designs in order to 

meet stiffness, load capacity, and cost parameters. Several of these designs are shown in 

Figure 3. The design that best satisfied objective parameters uses 8-inch lengths of 6-inch 

square steel tubing, a connecting member made of steel rebar and straps, and embossed 

steel plates welded to the top and bottom of the tubing as shown in Figures 4 and 5 and 

described in more detail later in this report.  The novel steel crib is a lightweight, standing 

roof support that can be designed to specific load carrying capacities and very quick 

response to loading. It further reduces surface area, which minimizes restrictions to air 

flow. It is non-flammable and can be coated to prevent corrosion in high moisture areas.  
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EXPERIMENTAL PROCEDURES 

 

Mine Description 
 

American Coal Company’s Galatia Mine operates in the Herrin #6 seam at a depth of 

about 600 feet. The longwall face is 1,000 feet wide and the average mining height is 

about 6.5-7 feet. The immediate roof strata consist of 6-12 inches of Anna Black Shale, 

5.5 feet of Brereton limestone, 1 foot of dark gray shale, and about 8 feet of sandstone. 

The immediate floor strata typically consist of claystone and shale, with up to 10 feet of 

claystone in some areas. Gate road development is a three-entry system with entries on 

80-ft centers and crosscuts on 150-ft centers.  Supplemental supports are required in all 

bleeder entries and in the tailgate entry for the active longwall face. The roof control plan 

requires these supplemental supports to be maintained a minimum of 200 feet ahead of 

the longwall face. Cribs are installed as supplemental supports in a single row spaced 

about 8 feet apart. Two additional cribs are placed in each crosscut as shown in Figure 6.  

 

Field Demonstration Areas:  The first demonstration area was located in the 6
th

 West 

longwall headgate return entry (6HGR) that subsequently became the tailgate entry for 

the 7
th

 West longwall panel (7TG). This 6HGR/7TG study area extended for about 70 

feet between crosscuts 15 and 16 or between survey tags 17+95 and 19+45 as shown in 

Figure 7.  The average mining height was 84 inches and entry width was 18 ft. The mine 

floor was dry and competent and the as-mined entry had stable roof conditions. ATLAS 

100S and ATLAS 300 cribs were installed in the area. The previous reported studies had 

been conducted in similar tailgate entry locations (Chugh et al., 2008; Gurley et al., 2009; 

Gurley et al., 2010).  

 

The second demonstration area was located two intersections in the 7
th

 West longwall 

headgate travel-way entry (7HG) as shown in Figure 8. The mined height in the 

intersections ranged 81 to 94 inches with average entry width of 18 ft. The roof and floor 

were relatively dry and competent in both intersections. Adequate support of the headgate 

travel-way entry and intersections is necessary to provide access to the evaluation point 

shown in Figure 8 for monitoring of atmospheric conditions behind the advancing 

longwall face. The evaluation point is typically located in the travel-way intersection 

directly adjacent to the longwall set-up room. Crib supports are installed from the bleeder 

entry to the evaluation point in the headgate travel-way entry as shown in Figure 9. Two 

rows of cribs spaced 0 to 5 feet apart are installed in the travel-way entry with additional 

cribs installed at each intersection and in crosscuts.  

 

Crib Specifications 

 

ATLAS 100S and 300 series crib elements are manufactured to dimensional tolerances 

shown in Table 1 and Figure 10. All crib elements are fabricated from mixed hardwood 

species as required by MSHA. Dimensional tolerances and fabrication procedures for 

ATLAS 100 and 300 series cribs were also previously reported (Gurley et al., 2010). 
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ATLAS 100S: ATLAS 100S cribs are constructed from typical 36-inch ATLAS 100 crib 

elements and reinforced with 0.125-inch thick X 1-inch wide steel straps. Straps are 

attached to the center connecting member of each crib element using 0.3125-inch 

diameter X 2.5-inch long galvanized lag bolts inserted through a 0.75-inch diameter 

galvanized flat washer and a 0.3125-inch galvanized locking washer and then through a 

6-inch long X 0.375-inch wide slot in the steel strap. These slots are positioned along the 

length of the steel strap at intervals that intersect the center connecting member of each 

element of the installed crib. Straps extend vertically approximately two inches above 

and below the top and bottom elements of the crib structure. Lag bolts are tightened to 

compress the locking washer but allow vertical movement of individual crib elements 

during loading and deformation.  

 

ATLAS 300: This crib element is a dimensionally larger version of the ATLAS 100 crib 

element as shown in Table 1. ATLAS 300 crib elements have a minimum center element 

width and thickness of 7.75 inches and 2.25 inches, respectively. Pad width and length 

are 7.75 inches and 9.62 inches.  The ATLAS 300 crib element-to-element contact area is 

60.0625 square inches (in
2
), an 81% increase over the 33.0625-in

2
 contact area for 

ATLAS 100 and conventional cribs. The load bearing capacity for ATLAS 300 series 

cribs is approximately 130 tons when tested soon after fabrication, or in “green” 

condition, and approximately 170 tons after drying as determined by NIOSH testing in 

2008 and shown Figure 11. 

 

ATLAS Crib Base: ATLAS cribs are typically installed on an ATLAS crib base as shown 

in Figure 12. The wooden base is fabricated from mixed hardwood species and provides a 

much larger floor contact area than a typical 6-inch X 6-inch X 36-inch conventional 

prismatic crib element. A typical crib constructed of conventional elements has a floor 

contact area of approximately 414 in
2
. ATLAS crib bases used in this study had 196 in

2
 

per base for a total of 784 in
2
 of floor contact area per crib. This is about 90% larger than 

conventional elements. ATLAS crib bases were fabricated by laminating two layers of 

wooden planks together using 3.5-inch long No. 16 framing nails as shown in Figure 13. 

The two wooden planks are at right angles to each other to provide additional strength. 

 

Novel Steel Crib: Elements for the novel steel crib support were fabricated at a local 

machine shop.  They consist of two vertically oriented 8-inch lengths of A500 Grade B & 

C 6-inch square steel tubing with 0.120-inch thick walls that is certified by the steel 

manufacturer using ASTM A500-07 standards to YLD=61230 psi, TEN=70150 psi, and 

ELG=32.54%.  These two pieces are connected by two 20-inch long center connecting 

elements made of 0.625-inch diameter steel rebar, which are welded to the square steel 

tubing to form a 36-inch long element as shown in Figure 4(a).  Three 1-inch wide X 

0.125-inch thick X 3.5-inch long steel straps are welded between the two rebar rods with 

one in the center and the other two 3 inches inward from each end.  This connecting 

assembly is vertically centered on the 8-inch length of the square steel tube and 

horizontally centered on the 6-inch width of the tube.  The rebar ends are welded 

completely around the circumference of each rod.  
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A 6-inch X 6-inch X 0.075-inch steel plate is welded to both ends of each section of 

square steel tubing as shown in Figure 4(b).  These plates are embossed with a 3-inch 

diameter X 0.5-inch deep round depression that is centered on the plate. This depression 

is created by a 100-ton capacity hydraulic press and stamping die. Plates are welded to 

the top with the depression outward and to the bottom with the depression inward as 

shown in Figure 5. When stacked together, mating depressions interlock to minimize 

displacement of individual elements, which increases the structural stability of the crib.  

 

Field Installation of ATLAS 300 and ATLAS 100S Cribs 

 

ATLAS 300 and 100S series cribs were installed November 29, 2010 in the 6HGR entry. 

Installation began 62 inches west or in-by survey footage location 17+95 and continued 

west to near survey footage 18+63. Three ATLAS 100S, one ATLAS 100, and three 

ATLAS 300 cribs were installed in a single row with average spacing between cribs of 

83.3 inches as shown in Figure 14. Cribs were offset from the centerline of the entry 

northward or towards the solid coal pillar of the 7
th

 West panel approximately 20 inches. 

The number of crib element layers and the overall height of each crib are presented in 

Table 2. Cribs were installed on ATLAS crib bases and tightened against the mine roof 

using wooden wedges.  Crib convergence was used as an estimate of crib loading. 

 

Eight ATLAS 100S cribs were installed in the 7
th

 West headgate travel-way entry. Four 

cribs were installed in each of two three-way intersections. Two cribs were located at the 

corners of each intersection as seen in Figure 9. Crib height, number of crib element 

layers, and distance to the rib are detailed in Table 3. 

 

Monitoring Crib Performance 
 

Crib loads were monitored using a wire extensometer mounted on the crib elements. The 

extensometer was attached to a crib element near the roof using screws and the wire was 

extended to an eye bolt inserted into another crib element near the floor as shown in 

Figure 15. This measurement technique assumes that the crib compression is related to 

the crib load and it is a reasonable assumption prior to initiation of crib yield. 

 

A roof-to-floor convergence point similarly consisted of a wire extensometer attached to 

a roof bolt plate and the wire attached to an anchor that is inserted approximately 12 

inches into the mine floor as shown in Figure 16. An intrinsically safe, battery-operated 

Campbell digital data acquisition system (DDAS) was placed in a nearby crosscut and 

each wire extensometer was linked to it with a data cable.  

 

A new wireless Midas DDAS system was also installed by NIOSH personnel in 

conjunction with the conventional tethered-wire Campbell DDAS system. For this 

system, each wire extensometer is equipped with an intrinsically safe, battery-operated 

transmitter that transfers data via radio frequency to the nearby Midas DDAS receiver, 

which receives and stores the collected data. The effective range for data transmission in 

an underground entry with installed crib supports is approximately 200 feet. 
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RESULTS AND DISCUSSION 

 

Field Demonstration of ATLAS 300 Cribs 

 

Monitoring Periods: Data collection for ATLAS 300 cribs installed in the 6HGR/7TG is 

divided into three periods. 

 

 Period 1 – December 1, 2010 through January 9, 2011 is from installation of 

demonstration cribs until the 6
th

 West longwall face reached the recovery crosscut. 

 

 Period 2 – January 11, 2011 through January 17, 2011 is during recovery of the 6
th

 

West longwall face and relocation to the 7
th

 West panel. 

 

 Period 3 – January 18, 2011 through May 30, 2011 is from when the 7
th

 West panel 

starts production until removal of the data logger. 

   

Results: ATLAS 300 crib performance results for each data collection period are shown 

in Figures 17-20. 

 

 The 6
th

 West longwall face was located at survey footage 26+64 when data logging 

began on December 1, 2010 or approximately 800 feet inby the crib demonstration 

area. Figure 17 shows that during Period 1, ATLAS 300 crib monitoring Stations 1, 2, 

and 3 indicated crib convergence of 0.1625, 0.2375 and 0.1500 inches, respectively.  

All but 0.05 inches of this convergence occurred after the 6
th

 West longwall face 

passed the crib test area. Monitoring stations located at Cribs 1 and 2 indicated roof-

to-floor convergence of 0.55 and 0.45 inches, respectively. Again, most of it occurred 

after the 6
th

 West longwall face passed the crib test area.  

 

 The 6
th

 West longwall reached the recovery crosscut at survey station 17+10, on 

January 10, 2011 and was subsequently moved to the 7
th

 West longwall set-up room 

at survey station 11+248. The move was completed on January 17, 2011. Data 

collected during Period 2 represents the idle period during relocation of the longwall, 

during which both crib-mounted deformation monitoring and roof-to-floor monitoring 

stations indicated little or no additional convergence as shown in Figure 18.  

 

 The 7
th

 West longwall unit began production on January 18, 2011. Period 3 data was 

collected from start of mining in the 7
th

 West panel until the longwall face passed the 

monitored crib area and data loggers were removed on May 31, 2011 with the face 

advanced 20 feet beyond (outby) the demonstration area. On March 15, 2011, 

batteries and the data storage module in the Campbell DDAS were replaced.  Data 

collected during this period is presented in Figures 19 and 20.  They show a steadily 

increasing rate of convergence as the 7
th

 West longwall face approached the test area.  

The rate of convergence accelerated significantly during the last 300 feet of face 

advance monitored.  Maximum convergence for ATLAS 300 Cribs 1, 2, and 3 were 

0.7119, 0.4508, and 0.4432 inches, respectively.  Maximum roof-to-floor 

convergence measured at Stations 1 and 2 were 2.04 and 1.29 inches, respectively. 



12 

 

 

Field Demonstration of ATLAS 100S Cribs 
 

ATLAS 100S Crib Development: In response to industry requests for a stiffer and more 

stable roof support, a steel strap was attached to each center element on all sides of an 

ATLAS 100 crib structure. The hypothesis was that steel straps would limit horizontal 

movement around the center of the crib structure that typically occurs around peak 

loading thereby increasing crib structure stability and load carrying capacity as well as 

stiffness. To test this hypothesis, two 6-ft high, 30-inch wide ATLAS 100S cribs were 

fabricated from oak timber for testing at the Materials Testing Laboratory as shown in 

Figure 21.  Steel straps, 0.125-inch thick X 1-inch wide, were firmly attached to all center 

elements on each side of both cribs as described earlier. A comparison between the 

ATLAS 100S and a conventional ATLAS 100 crib in “dried” condition is shown in 

Figure 2, which indicates an increase in load carrying capacity and continuation of initial 

stiffness until approximate peak load is reached. The test was terminated at 105 tons load 

due to reaching the stroke limit of the hydraulic system. 

 

Summary of Development Testing: To seek approval for underground use of ATLAS 

100S cribs as an accepted standing roof support, three 7-ft high, 36-inch wide ATLAS 

100S cribs were fabricated for testing by NIOSH. Unfortunately, the saw mill used a 

species of soft poplar wood to construct these crib elements. Poplar is a much lighter and 

less competent wood than oak, although it is included in MSHA’s approved list of mixed 

hardwood species.  Results of earlier NIOSH testing of the ATLAS 100 crib, SIUC 

testing of two ATLAS 100S cribs, and NIOSH testing of ATLAS 100S cribs on March 

23, 2011 are seen in Figures 22 and 23.  The increase in stiffness resulting from steel 

straps is significant even when using a less competent wood such as poplar. Three types 

of tests were conducted by NIOSH: 1) An initial stiffness test where the crib was loaded 

to about 60 tons and held at that load for a short period before releasing the applied load; 

2) Differential loading test where a 2-inch thick foam block was placed under one corner 

and then loaded again to about 60 tons, held, and subsequently released; and 3) Loading 

the crib until structural failure. Results of initial stiffness and differential loading tests are 

included in Figure 23. It is planned in the near future to test ATLAS 100S crib elements 

fabricated from mixed hardwood species at NIOSH and collect load carrying capacity 

and stiffness data. 

 

Results: Three ATLAS 100S cribs were installed adjacent to ATLAS 300 cribs in the 

6HGR/7TG demonstration area. Data collected during the same three monitoring periods 

described earlier are presented below:  

 

 Period 1: Stations 5, 6, and 7 mounted on ATLAS 100S cribs indicated crib 

convergence of 0.2750, 0.4100, and 0.2875 inches, respectively (see Figure 17). As 

with ATLAS 300 cribs, most of the convergence occurred after the 6
th

 West longwall 

face passed the test area. Monitoring stations located near Cribs 5 and 7 indicated 

roof-to-floor convergence of 0.5500 and 0.7875 inches.  
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 Period 2: Data collected during Period 2 from ATLAS 100S crib mounted and roof-

to-floor monitoring stations indicated minimal additional convergence. Similar 

behavior was also observed in the ATLAS 300 crib monitoring area (see Figure 18). 

 

 Period 3: Data collected during this period indicated a steady rate of convergence 

until about April 1, 2011 as the 7
th

 West longwall face approached within 

approximately 4,200 feet of the test area (see Figure 19). After that date a slightly 

accelerated rate of convergence was seen through May 18, 2011 when batteries and 

the data storage module were replaced in the DDAS. At 12:00a.m. on May 18, 2011, 

the 7
th

 West longwall face was located at survey footage 28+67 or approximately 

1,000 feet from the demonstration area. A slightly more accelerated rate of 

convergence can be seen (see Figure 19) during the next 700 feet of face advance 

from survey footage location 28+67 to approximately 21+50. As the longwall face 

advanced through the last 300 feet toward the instrumented cribs, the rate of 

convergence further increased. The greatest increase occurred during the last 25 feet 

of approach as seen in Figure 20.  The DDAS was turned off at 12:10 pm on May 31, 

2011 as the 7
th

 West longwall face was located near survey footage 17+68 or 

approximately 28 feet past the last monitored crib. At this time, the longwall face had 

advanced 82, 71, and 61 feet past ATLAS 300 Cribs 1, 2, and 3, respectively, and 51, 

34, and 28 feet past ATLAS 100S Cribs 5, 6, and 7, respectively. Visual observations 

indicated all cribs were still intact and standing.  

 

Summary of Field Demonstration Testing: Data collection at each monitoring station 

was interrupted at different times that seem to coincide with the longwall face and 

associated equipment passing the crib demonstration area. The time of data collection 

interruption, approximate face location at the time of interruption, and convergence for 

each period is presented in Table 4. For ATLAS 300 Cribs 1, 2, and 3, accurate data 

collection ceased when the 7
th

 West longwall face was 12, 11, and 11 feet past these 

cribs, respectively. Accurate data collection was interrupted when the longwall face had 

advanced 3, 10, and 7 feet past ATLAS 100S cribs, respectively. This would indicate that 

some of the material falling during shield advance impacted the tensioned connecting 

cables between anchor points and string extensometers.  

 

The maximum mean crib convergence for three ATLAS 300 cribs during the entire 

demonstration period was 0.5353 inches (0.7119, 0.4508, and 0.4432 inches for ATLAS 

300 Cribs 1, 2 and 3, respectively) and the maximum average roof-to-floor convergence 

for the ATLAS 300 crib area was 1.665 inches (2.04 and 1.29 inches for ATLAS 300 

Stations 1 and 2, respectively).  The maximum mean crib convergence for ATLAS 100S 

cribs during the same period was 1.2070 inches (1.0325, 1.1900, and 1.3986 inches for 

ATLAS 100S Cribs 5, 6, and 7, respectively) and the maximum average roof-to-floor 

convergence was 2.353 inches (1.7227 and 2.9840 inches for ATLAS 100S Stations 5 

and 7, respectively).  

 

The maximum mean convergence of 0.5353 inches for ATLAS 300 cribs is 77% less 

than the maximum mean convergence of 2.37 inches recorded for conventional cribs and 

56% less than the maximum mean convergence of 1.2 inches for ATLAS 100 cribs 
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during the earlier ICCI-funded studies (Chugh et al., 2008; Gurley et al., 2009). The 

location of the longwall face when maximum convergence was recorded for both ATLAS 

and conventional cribs was similar for all studies. 

 

Summary of ATLAS 100S Cribs Demonstrated as Intersection Support: ATLAS 100S 

cribs were installed in each of two three-way intersections of the 7HG travel-way entry 

on January 10, 2011.  Two cribs were located at each corner of both intersections as seen 

in Figure 24. Crib height, number of crib element layers, and distance to the rib are 

detailed in Table 3 and Figure 24. These cribs were visually monitored and sounded by 

hitting the strap element with a steel rod. Crib locations have been visited on a weekly 

basis by mine examining personnel who are required to monitor atmospheric conditions 

at an evaluation point located in the 7HG travel-way entry.  As reported by mine 

personnel, these ATLAS 100S cribs have performed very well to date with visual 

indications showing all cribs to be structurally sound and continuing to provide good 

strong support for both intersections. 

 

Development and Testing of Novel Steel Cribs 
 

Development of the steel crib, similar to the ATLAS 100S crib, was in response to 

industry’s expressed need for a standing roof support that has high initial stiffness to 

loading, load carrying capacity of about 175 to 200 tons, and the ability to maintain a 

near peak load over a substantial amount of vertical deformation. Several designs of a 

steel crib were fabricated and tested (see Figure 3). This progression of designs was 

based on peak load capacity, crib stiffness, crib stability, total vertical deformation, and 

the cost of raw materials and fabrication. A final design that best achieved all the 

described design criteria is illustrated in Figure 4. This design used 8-inch high elements 

of 6-inch square tubing with 0.125-inch sidewall thickness connected by 0.625-inch 

diameter steel rebar. Eighteen elements of this design were fabricated to construct and 

test a 6-ft high crib at the Materials Testing Laboratory (see Figure 25). Results of this 

test are shown in Figure 26 and indicate a peak load of 210 tons with a deformation of 

slightly more than 0.3 inches.  

 

Based on these results, steel crib elements for three 8-ft high cribs were fabricated for 

testing at NIOSH’s Pittsburgh facilities on March 22, 2011 (see Figure 27). NIOSH 

recommended testing three crib heights of 6, 8 and 10 feet to evaluate performance for 

different aspect ratios. Results of testing these three crib heights under uniform loading 

conditions are shown in Figure 28.  Time-dependent performance of the cribs at about 

150 tons load indicated no loss in load over the time period the load was held constant. 

Figure 28 shows that 6-ft, 8-ft, and 10-ft cribs carried peak loads of 180, 160, and 162 

tons, respectively, prior to their shedding load down to about 65 tons. This load shedding 

is attributed to yielding of steel. 

 

The 6-ft crib structure maintained approximately 65 to 80 tons load over a deformation of 

14 inches as seen in Figure 29(a). Results for the 8-ft high crib test shown in Figure 29(b) 

indicate a peak load of 160 tons was achieved over 1 inch deformation. The 8-ft high crib 

structure subsequently shed load to about 75 tons which was held through an additional 
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1.5 inches of deformation before the test was terminated to preserve some additional 

elements for construction of a 10-ft high crib structure.  The 10-ft high crib was tested to 

failure and results are shown in Figure 29(c). They indicate a peak load of 162 tons 

before shedding and maintaining about 75 tons load over 5 inches of deformation.  These 

results suggest that a 10-ft high crib made of 36-inch elements would most likely result in 

structural instability and may cause premature load shedding. It was recommended by 

NIOSH personnel to repeat the test on a 6-ft high steel crib at a later date for test 

validation.  

 

CONCLUSIONS AND RECOMMENDATIONS 

 

Field Demonstrations of ATLAS 300 and ATLAS 100S Cribs 
 

ATLAS 300 and ATLAS 100S cribs performed very well as longwall gate entry 

supplemental supports. Results indicate these cribs experienced only minimal 

convergence as the longwall face advanced past their location. Both ATLAS 300 and 

100S cribs have shown a significantly quicker response to loading or higher “stiffness” 

than can be expected from conventional type crib supports. The increased stiffness of 

ATLAS crib supports can minimize roof convergence, thus preventing roof fracturing 

and subsequent failures. Visual observations made during subsequent visits to the 

demonstration area and during removal of the DDAS corroborate with the DDAS data 

analysis results.  Both ATLAS 300 and 100S cribs were shown to be effective standing 

roof supports in this field demonstration.  A patent was granted for ATLAS cribs on 

November 30, 2010. 

 

The ATLAS 100S cribs performed very well as intersection support in the 7
th

 West 

longwall headgate travel-way entry. Adding supplemental supports near corners of 

intersections has been identified by the project team as an improved method of 

intersection support.  

 

Novel Steel Crib 
 

The novel steel crib is a standing roof support that has high load carrying capacity and 

very high initial stiffness. These characteristics partially fulfill the mining industry’s 

needs for a standing roof support that has adequate load carrying capacity, quick response 

to loading or stiffness, and the ability to maintain near peak load over considerable 

deformation. The current design, however, does not have desirable post-yielding 

characteristics since there is about 50% drop in load carrying capacity immediately after 

achieving peak load. Additional research has been initiated to overcome this deficiency.  

 

Recommendations 

 

A manufacturer in Pennsylvania and a marketing person in Pittsburgh has expressed 

interest in marketing ATLAS Cribs. At the time of this report, the project team is taking 

major steps to commercialize the product and market it.  Additional testing to support this 

effort is recommended. 
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ATLAS 100S cribs are an extension of the ATLAS 100 crib to provide stiffer response. 

Their performance in the field was very satisfactory; however, they need to be tested by 

NIOSH to develop data that can be used by MSHA to approve their use underground.  

 

NIOSH and a major longwall mining operator believe that there is a need for a high 

capacity crib with stiff response for tailgate entry support for deep longwall mining. They 

suggest a load carrying capacity of about 200 tons with stiffness of about 150 tons per 

inch of displacement. The project team’s concepts of the lightweight steel crib and two 

other novel designs meet those criteria. It is recommended that additional studies be 

pursued to develop one or more viable concepts to develop commercial products to meet 

industry needs.  
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FIGURES 

 

 

Figure 1: Schematic of ATLAS 100S crib showing steel strap attached with lag bolts. 

 

 

 

 

Figure 2: Comparison of load/deformation characteristics of ATLAS 100 and 100S cribs.  

Testing completed at SIUC’s Materials Testing Laboratory. 
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Figure 3: Evolution of novel steel crib designs. 

 

 

 
(a)     (b) 

Figure 4: (a) Novel steel crib element; (b) Embossed interlocking plate. 
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Figure 5: Interlocking embossed plate design for ends of steel crib. 

 

 

 

Figure 6: Typical tailgate entry crib support locations. 
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Figure 7: Crib study area in 6
th

 West headgate return / 7
th

 West tailgate entry. 

 

 

 

Figure 8: 7
th

 West headgate travel-way entry showing location of intersections where 

ATLAS 100S cribs were installed and location of evaluation point. 
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Figure 9: Detailed location of ATLAS 100S cribs in 7
th

 West headgate travel-way entry. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Plan and side view of a typical novel engineered ATLAS crib element.  

Dimensions A, B, C, D, and E are defined in Table 1. 
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Figure 11: Load/deformation characteristics for ATLAS 300 crib (NIOSH testing). 

 

 

Figure 12: Field installation of ATLAS crib bases. 

 

 

Figure 13: Schematic of ATLAS crib base. 
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Figure 14: Map of ATLAS 300 and 100S crib locations in 6HGR/7TG. 

 

 

 
(a)     (b) 

Figure 15: Wire extensometer attached to bottom element (a) and top element (b) of crib 

for a crib convergence monitoring station. 

 

 
(a)                                                                        (b) 

Figure 16: Wire extensometer attached to floor anchor (a) and roof bolt anchor (b) for a 

roof-to-floor convergence monitoring station. 
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Figure 17: Convergence data for Period 1 as 6
th

 West longwall face approaches and 

passes study area. 

 

 

Figure 18: Convergence data for Period 2 as longwall face was moved from the 6
th

 West 

panel to the 7
th

 West panel. 
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Figure 19: Convergence data for Period 3 as the 7
th

 West longwall panel is mined. 

 

 

Figure 20: Convergence data for Period 3 during last 300 feet of mining before longwall 

face advanced past crib study area. 
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Figure 21: ATLAS 100S crib in SIUC Materials Testing Laboratory test frame. 

 

 

  

Figure 22: Load-deformation curves from ATLAS 100 and 100S crib testing at NIOSH’s 

Pittsburgh PA laboratory and SIUC’s Materials Testing Laboratory. 

 

Steel strap 
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Figure 23: Load-deformation characteristics for ATLAS 100S cribs (NIOSH testing).  

 

 

 

Figure 24: Detailed map of ATLAS 100S and conventional crib installations in 7
th

 West 

headgate travel-way intersections showing ATLAS 100S dimensions. 
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Figure 25: Steel crib in SIUC’s Materials Testing Laboratory test frame. 

 

 

 

Figure 26: Load-deformation curve for a 4-ft high steel crib (SIUC testing). 
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Figure 27: 6-ft high steel crib at 150 tons load in NIOSH’s test frame. 

 

 

Figure 28: NIOSH testing of novel steel cribs on March 22, 2011. 
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(a) 

 
(b) 

 
(c) 

Figure 29: Results of (a) 6-ft high crib test; (b) 8-ft high crib test; (c) 10-ft high crib test. 
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TABLES 

 

Table 1: Dimensional QA/QC protocols for ATLAS cribs. 

ATLAS series crib element maximum and minimum dimensional tolerances (inches) 

ATLAS    

crib series 

A                    

Pad thickness 

B                 

Center element 

thickness 

C                    

Pad length 

D               

Center element           

and pad width 

E                           

Total element 

length 

Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. 

ATLAS 100 2.5 2.25 2.00 1.75 8 7.62 6.12 5.75 36.25 35.87 

ATLAS 300 2.5 2.25 2.75 2.5 10 9.62 8.12 7.75 36.25 35.87 

 

 

 

Table 2: Height and number of layers of 6HGR/7TG test cribs. 

Crib ID 
Crib height 

(inches) 
Layers  

ATLAS 300 - 1 69 9 

ATLAS 300 - 2 66 9 

ATLAS 300 - 3 71 10 

ATLAS 100 - 4 77 11 

ATLAS 100s - 5 76 11 

ATLAS 100s - 6 73 10 

ATLAS 100s - 7 75 11 

 

 

 

Table 3: ATLAS 100S crib dimensions in 7HG travel-way entry. 

Crib ID 
Crib height 

(inches) 

Number of 

layers 

Distance from rib 

(inches) 

1 94 14 26 

2 91 14 23 

3 89 14 16 

4 81 12 18 

5 91 14 22 

6 91 14 22 

7 87 12 15 

8 89 12 15 
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Table 4: Convergence data as function of face location and time. 

Longwall face location 
Date and 

time 

Convergence (inches) 

ATLAS 300  

Crib 1 Crib 2 Crib 3 R-F 1 R-F 2 

6th West panel @ 26+64                        

(start of Period 1) 
12/1/2010 

00:10 
0 0 0 0 0 

6th West panel @ 11+70                          

(start of Period 2) 
1/10/2011 

00:00 
-0.1665 -0.2404 -0.1408 -0.2739 -0.4119 

7th West panel @ 11+248                                   

(start of Period 3) 
1/18/2011 

00:00 
-0.1796 -0.2514 -0.1507 -0.2797 -0.4156 

Data 

collection 

stopped 

7th West panel 

@ 18+50.6 
5/30/2011 

5:40 
-0.7119   -2.0401  

7th West panel 

@ 18+41.5 
5/30/2011 

8:20 
 -0.4508   -1.2961 

7th West panel 

@ 18+31.8 
5/30/2011 

11:10 
  -0.4432   

Longwall face location 
Date and 

time 

ATLAS 100S  

Crib 5 Crib 6 Crib 7 R-F 5 R-F 7 

6th West panel @ 26+64                        

(start of Period 1) 
12/1/2010 

00:10 
0 0 0 0 0 

6th West panel @ 11+70                          

(start of Period 2) 
1/10/2011 

00:00 
-0.2834 -0.5532 -0.4460 -0.5495 -0.7917 

7th West panel @ 11+248                                   

(start of Period 3) 
1/18/2011 

00:00 
-0.2958 -0.5773 -0.4710 -0.5642 -0.8285 

Data 

collection 

stopped 

7th West panel 

@ 18+18.8 
5/30/2011 

15:00 
-1.0325     

7th West panel 

@ 18+01.7 
5/30/2011 

20:00 
 -1.1900    

7th West panel 

@ 17+96.0 
5/30/2011 

21:40 
  -1.3986   

7th West panel 

@ 18+25.0 
5/30/2011 

13:10 
   -1.7227  

7th West panel 

@ 18+01.1 
5/30/2011 

20:10 
    -2.9840 
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DISCLAIMER STATEMENT 

 

This report was prepared by Harrold Gurley, 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 Harrold Gurley, 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. 

 

 


