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Problem Statement 

The complex process of roof collapse behind an advancing longwall coal face is investigated by 

setting up a two-dimensional stratified UDEC model with the roof and floor strata represented as 

distinct parting planes with shear failure properties and low or zero tensile resistance. The stratified 

model involves closely spaced explicit bedding surfaces with a number of bonded (at the rock 

mass strength), non-uniformly distributed vertical joint planes that allow simulation of the 

breakage of the units into smaller blocks. Various mechanical phenomena such as the following 

are captured and discussed in the simulation: 

• Movement on pre-existing bedding or cross-joint surfaces in the sedimentary units 

overlying the seam. 

• Anisotropic shear failure response of thinly bedded shales. 

• Tensile and shear fracturing of the intact solid rock of the overlying beds, eventually 

transitioning into elastic or rigid response at some height above the seam. 

• Block movement and rotation as the roof breaks up, eventually contacting the floor. 

• Dilation and bulking of the settling roof mass. 

• Transient stress arching over the open and collapsing void and concentration of stress at 

the longwall face. Horizontal stress in the roof as the blocky mass settles and its impact on 

the face stresses is an important aspect of this problem. 

 

Modeling Methodology 

The sequence of events involved in building and running the model includes the following major 

steps: 

1. Set up block geometry and jointing. 

2. Run to static equilibrium under in-situ stress state with elastic material and joint 

properties (i.e., joints bonded). 

3. Run to static equilibrium under in-situ stress state with plastic material and joint 

properties (i.e. joints not bonded). 

4. Advance the longwall face incrementally while solving. 

 

Block Geometry 

 

The UDEC model is created as one large block, and each geologic layer is defined by the 

addition of horizontal cracks (bedding planes). The outer horizontal dimension of the initial 
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block is 225 meters wide to allow 150 meters of coal excavation from the left side, with 75 

meters solid beyond the final face. To reduce the size of the model, the block is set at 150 meters 

in the vertical dimension, with the depth of the coal seam at -105.1 to -107.6 meters. An 

additional 100 meters of overburden resting on top of the modeled block is represented by a 

constant boundary stress of 2.55 MPa on the top surface (Figure 1). The density of the overburden 

is assumed to be 2600 kg/m3. 

 

 

Figure 1: Stratified UDEC model with various lithological units. 

Jointing 

Joints are added to the model to represent two general classes of fracturing: natural fractures and 

those generated due to mining-induced stresses. Three specific types of fractures are represented 

in the model: a) the continuous horizontal bedding surfaces between lithologic units; b) horizontal 

anisotropy, particularly in shale units; and c) fractures that represent “potential” breaking surfaces 

that form through intact rock as the lithologic units are placed into bending and shear. The breaking 

surfaces are “potential” fractures in the sense that they are initially given the shear and tensile 

strength of the lithologic units in which they are located, and thus only become breaks if the 
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stresses exceed their strength. These fractures are therefore “invisible” to the model until they 

break. This method is used to allow simulation of rock fracturing as the evolving mining-induced 

stress state dictates. The horizontal bedding surfaces are given low cohesion and tensile strength 

components and, thus, typically separate and shear in response to closure of the longwall. See 

Figure 2 for a view of the stratified jointing pattern. 

 

Figure 2: Stratified UDEC model showing various joints. 

Elastic Equilibrium 

 

The elastic equilibrium data file (elastic.dat) generates a quadrilateral finite difference mesh with 

element edge length dependent upon the thickness of the geologic layer and the size of blocks 

created by the joint sets. A FISH function then designates elastic properties of the five rock types, 

including Poisson’s Ratio (v), Young’s Modulus (E), and Density (D). The bulk modulus (k) and 

shear modulus (g) are calculated from E and v.  

The joints are given shear and normal stiffness values of 1e10 Pa/m, cohesion and tensile strength 

values of 1e12 Pa, and a friction angle of 40 degrees. These properties are intended to bond the 

joints and prevent them from dominating the behavior of the rock mass while it comes to 
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equilibrium under the applied loads and boundary conditions. The left and right edges of the model 

are given roller boundaries, and the bottom of the model is fixed in both x- and y-directions.  

The varying horizontal stress in each lithologic unit represents the impact of tectonic variability 

based on the stiffness of the individual units. The vertical stress state is assumed to be gravitational 

and based on the density of each lithologic unit. The total horizontal stress in the lower limestone 

unit is set at 20 MPa. The value of tectonic horizontal stress was then calculated by subtracting the 

lithostatic component of in-situ horizontal stress, which was approximately 1/3 of the vertical 

stress. 

Total Stress = Tectonic + In-situ 

Tectonic = Total Stress – In-situ 

A horizontal strain of 4.07e-4 due to tectonic stress was calculated for the lower limestone unit 

using the equation: 
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The strain is assumed constant over all layers, and thus a tectonic horizontal stress can be 

calculated by using the Young’s Modulus for each rock type. This approach ensures that the stiffer 

materials present in the model are subject to a greater portion of the tectonic load. The tectonic 

stress is then added to the lithostatic component of horizontal stress for each layer, and the result 

is a total horizontal stress magnitude. This value is entered into the in-situ stress command within 

UDEC as xx and is assumed constant through the thickness of each layer. The out-of-plane 

stresses for each layer are set to be the intermediate principle stress.  

Plastic Equilibrium 

 

The plastic equilibrium data file (plastic.dat) restores the elastic equilibrium state, changes the 

constitutive model of the rock matrix to Mohr-Coulomb plasticity, assigns strength properties to 

the rock mass and joints and then cycles the model to equilibrium prior to mining. A complete list 

of material and joint properties used in the models is given in Table 1 and Table 2. 
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Table 1 Material Properties used in the Simulation 

 

 

Table 2 Joint Material Properties used in the Simulation 

 

 

Excavate/Solve Sequence 

 

The excavation sequence for each mining step is carried out through a single FISH function 

(function name _mine within mine_dr.dat) with several loops within. The major steps of the 

process are described below: 

1. Excavate – A portion of the 2.5 m thick coal seam 10 meters long is deleted from the left 

side of the model.  

2. Excavation Stress Relaxation – Instantly deleting the blocks that represent the mined 

portion of the coal seam can result in an unwanted dynamic response in the model. An 

alternative approach to removing the mined seam that minimizes the dynamic effects of 

excavation is used here. This approach involves replacing the in-situ stresses in the 

blocks to be mined with equivalent boundary stresses to the excavation surfaces and 

relaxing them to zero gradually over a number of timesteps. Boundary stresses are 

applied to the roof, face, and floor equal to the in-situ vertical (~5 MPa) or horizontal 

(~2.5 MPa) stresses present at the respective surfaces, and the model is cycled to 

equilibrium for each 20% reduction increment.  

3. Apply Shield Stresses – A boundary stress representative of the longwall shield support 

pressure (~1 MPa) is applied to a 6 m long section of the roof approximately one meter 

from the longwall face, followed by cycling of the model to equilibrium.  

    
      Material Properties 

     

         

               

Material Name UCS E v K G dens coh fric dil ten rcoh rfric rdil rten 

 [MPa] [GPa]  [GPa] [GPa] [Kg/m3] [MPa] [
0
] [

0
] [MPa] [KPa] [

0
] [

0
] [Pa] 

 Weak Shale 15 6.33 0.3 5.28 2.43 2600 2.42 30 4 0.84 24.2 30 0 0 

MediumShale 30 11.2 0.28 8.48 4.38 2600 4.37 35 4 1.68 43.7 35 0 0 

Strong Shale 70 22.6 0.2 12.6 9.42 2600 8.73 42 4 3.92 87.3 42 0 0 

Limestone 120 20.0 0.2 11.1 8.33 2600 6.90 42 4 2.00 69.0 42 0 0 

Coal 11 2.22 0.3 1.85 0.855 2000 1.65 30 4 0.638 1650. 30 0 0 

 

Material Name jcoh jfric jdil jten rjcoh rjfric rjdil rjten 

Weak Shale 2.42E+05 20 4 9.70E+04 2.42E+03 20 0 0 

Medium Shale 8.75E+05 25 4 3.50E+05 8.75E+03 25 0 0 

Strong Shale 4.36E+06 32 4 1.75E+06 4.36E+04 32 0 0 

Limestone 6.90E+06 32 4 2.76E+06 6.90E+04 32 0 0 

Coal 6.96E+05 15 4 4.40E+04 1.00E+03 15 0 0 

Clay Bands 1.00E+04 15 4 5.80E+04 1.00E+03 15 0 0 
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4. Equilibrium Cycling and Application of Damping – Typically, UDEC is used with 

damping performed automatically by the program. In this model, the blocks undergo 

large rigid body movements as well as strains. The automatic damping is optimized for 

problems with small displacements, but can require large amounts of time for problems 

with large displacements. To reduce the time of the simulations, the amount of damping 

is manually reduced during the time in which the roof settles and blocks become detached 

and regain contacts with the floor.  

 

As mentioned previously, the model was designed for a face advance distance of 150 meters. The 

stratified model is run entirely in 10 m increments for a total of 15 mining steps to excavate 150 

meters. Each cycle utilizes the four-step process described above in the excavation/solve sequence.   

 

Results 

Displacement 

The upper left limit of the model experienced about 2.2 m of vertical displacement after all 15 

excavation cycles were complete. Because the seam height is 2.5 m, approximately 0.3 m of 

vertical displacement is taken up by bulking of the rock mass, largely in the region directly above 

the seam. A history of vertical displacement was also kept at three other elevations along the left 

boundary of the model. One of the history points was located just above the coal, one was at -90 

m, and the other was at -50 m. The graph in Figure 3 shows the vertical displacement at each of the 

four gridpoints. The largest displacements were experienced by the gridpoints nearest to the coal, 

with a distinct break at the interface at the bottom of the 36 m thick limestone bed. Part of this 

effect is likely also due to the level of discretization of the blocks in the units below this level.  

A plot of vertical displacement contours over the entire model (Figure 4) helps illustrate the 

progression of settlement in the overburden as excavation advances. shows the contours of 

displacement in 0.25 m intervals after 150 m of excavation. This plot indicates that, for this 

model, the beds beneath the limestone unit set down vertically with a small amount of bulking. 

The vertical displacement above the seam is also non-uniform in nature 
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Figure 3: History of vertical displacement at four elevations along the left edge of the model. 

 

Figure 4: Displacement contours after 150 m of excavation. 
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Stress 

A plot of the principle stress vectors, shown in Figure 5, illustrates the redistribution of stresses 

near the longwall face. The tensors show the concentration of vertical stress 2 to 3 m ahead of the 

coal face, resulting from yield.  

 

Figure 5: Stress tensors showing arching of stresses and concentration behind face. 

The vertical stress contours in Figure 6 help illustrate the extent of the roof distressed by the 

redistribution of loading. Also evident in the figure is a concentration of stresses along the left 

edge in the blocky shale that collapsed directly above the coal. The stresses in this area, which 

reached values as high as 120 MPa, are believed to be the result of constriction on the gridpoints 

along the left edge of the model, where roller boundaries prevent the blocks from rotating. The 

maximum compressive stresses displayed in Figure 6 were limited to 20 MPa in order to provide 

a reasonable contour interval. 

Figure 7 shows a contour of the horizontal stresses indicating the concentration of lateral stresses 

in the stiff limestone beds. The lateral stresses in these stiff beds are not relieved due to the 

vertical deformation of the rock mass into the mined void, but remain around 20 MPa. 
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Figure 6: Vertical stress contours after 150 m of excavation. 

 

Figure 7: Horizontal stress contours after 150 m of face advance. 
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Material and Joint Behavior 

The blocks and joints behaved as expected, wherein the densely jointed material above the coal 

seam failed in tension and shear, followed by gravity collapse and bulking into the mined void. 

Figure 8 shows a view of the model after 50 m of excavation. The block plot also shows that the 

extensive bulking is limited to the shale horizons immediately overlying the seam. The limestone 

and shale units overlying this bulking region settle uniformly with little bulking onto the lower 

shales. The plot shows separation between the stiff, thick upper limestone unit and the shales 

beneath it, resulting from arching in the thick limestone unit. This gap closed gradually during 

subsequent excavations but illustrates the effect of the higher strength and stiffness of the 

limestone bed, which arches at least temporarily over the mined void while the material below 

collapses under gravity. 

 

Figure 8: Block plot at 50 m of excavation showing gravity collapse and bulking of the shale units directly 

over the seam and settlement with minimal bulking of the shale and limestone units overlying them. 

The plot of block yielding in Figure 9 indicates points of failure within the rock matrix after 150 

m of excavation. The yielding at the face of the excavation causes the redistributed stresses to 

concentrate 2–3 m into the coal. 
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Figure 9: Block failed areas after 150 m of excavation. 

Figure 10 shows a plot of all failed joints (shear or tension) in the model after 150 m of excavation. 

The pattern of failed joints underlies the extent of the upper surface affected by subsidence. It is 

noted that the joints fail in shear well ahead of the advancing face. 
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Figure 10: Plot of state of joints after 150 m of excavation. 

 

Listing of Data Files 

The example project contains the following input files: 

• 2block_r.dat 

• elastic_r.dat 

• plastic_r.dat 

• mine_dr.dat 


