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I. - INTRODUCTION 

The coalfields of the United States, and particularly 

those of the Appalachian region of the eastern United 

States, consist of many contiguously placed, mineable coal 

seams. Both historically and presently, the determination 

of the mining sequence of these contiguously placed coal 

seams has been based largely on the ownership of the coal 

seam, the avai labi li ty of the coal seam, and the general 

economic situation at the time in question. If, however, 

the mining of any particular coal seam occurs without r~gard 

to any subsequent ground control problems which may arise, 

serious and hitherto unaccounted problems may affect any 

future mining operations in seams above or below that which 

was previously mined. This lack of concern for future 

operations may often be detrimental to the recovery, cost 

and safety of the mining operation of adjacent seams. 

The ground control mechanisms which should be considered 

in an area of multiple seam or multiple horizon mining can 

be divided into four distinct areas. These areas are the 

arching of stresses around mine openings, the effects of 

subsidence from a previously mined lower seam upon an 

overlying seam, the transfer of pillar loads from one seam 

to another, and massive interseam failure (Haycocks and 

Karmis, 1981). 
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The concept of 
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arching attempts to explain the 

interaction of stresses that results from mine openings 

rather than those which develop due to the pillars. The 

most common arching theory is the pressure arch theory which 

states that a high pressure zone arches over the opening in 

an elliptical shape, while the area inside this high 

pressure arch is de-stressed with respect to the normal 

cover load. 

In multiple seam mining, the high arching stresses as 

well as the de-stressed area within the arch may affect the 

mining conditions in an adjacent overlying seam. The 

effects of arching upon multiple seam mining under sub-

critical subsidence conditions are reported in this study. 

The stresses around underground mine openings of various 

widths and depths of cover are modelled by use of the finite 

element computer program. The finite element program yields 

the horizontal and vertical stresses as well as the 

principal stresses and their inclinations across the model. 

The finite element method was verified by using photoelast1c 

modelling which exhibited similar configurations of the 

pressure arch. The finite element method was then used to 

model an actual case study and produced results very close 

to the observed data. A series of design tables is included 

to give an approximation of the stresses that may be 

encountered in a variety of mining conditions. 



II. - LITERATURE REVIEW 

2.1 - Archina Theory 

The concept that the rock above an underground mine 

opening would form an arch in order to support itself is one 

that is common to both the hard rock and coal mining 

industries. This arching must be considered in the design 

of any multiple horizon mining operation. 

The concept of arching was first discussed by Fayol 

{ 1885) in his study of the effects of underground coal 

mining upon the surface. Fayol, who was one of the early 

investigators of mining subsidence, concluded that "the 

movement of strata is limited by a kind of dome which has 

for its base the area worked out, and that the amount of 

movement is less as it is further from the center of the 

excavation." Fayol postulated that when the areal extent of 

excavation was vast the height of the dome was not greater 

than 200 times the ~xtracted seam height. When the area of 

excavation is of limited extent Fayal concluded that the 

height of the dome is between two and four times the width 

of the excavated area. More specifically, the height of the 

dome is twice the width of the excavation when the seam 

height is less than two meters (6.5 feet) and increases as 

the height of the extracted seam becomes greater. Fayol's 

3 
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conclusions were based on model st.udies that dealt with a 

stratified medium. He felt that the roof consisted of a 

series of independent beams with fixed ends which fail due 

to the inward shearing of the beam ends. This action gives 

rise to the dome shape as shown in Figure 1. This dome 

theory that Fayol presented has become the basis of two-

dimensional pressure arch theory. 

One of the earliest proponents of arching, or pressure 

arch theory, was B. S. Randolph (1915). Randolph stated 

that when the coal is first mined, the first stress on the 

overlying strata is very similar to that on a uniformly 

loaded horizontal beam. Since the overlying strata tend to 

have a low tensile strength, an arch- shaped line of stress 

carries the weight of the overlying strata to the solid 

material on either side of the excavation. This line of 

stress would be in equilibrium and support all the material 

above it. Along and on both sides of this line of stress 

there is a zone of material upon which more or less pressure 

is exerted, its width depending on the total strength and 

elasticity of the material. This pressure tends to hold the 

material in place. Randolph felt that the position and type 

of forces acting on the arch would affect the shape of the 

line of stress or arch. If a hydrostatic pressure situation 

existed, the arch would be in the shape of a semi-circle. 

there was a larger load toward the center of the 
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Figure 1. Ar-ch Formed 1n Strat1f1ed Rock (after· Favol, 1885) 
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excavation, the arch would be in the shape of a parabola. 

Also, if the overlying strata is comprised of different 

materials, the position of the line of stress will be 

altered and the shape of the arch changed in order to 

maintain a state of equilibrium. 

In 193 7 R. Dinsdale presented a major work on the 

pressure arch theory. First, several terms must be defined 

before they are used to explain Dinsdale' s paper. Before 

any excavation is made the ground at any depth is subjected 

to a pressure equal to the weight of the column of the 

ground above. This pressure is called the "superincumbem::" 

or "undisturbed" pressure. When an excavation is opened, a 

pressure ring f orrns around the opening and the weight of the 

ground above, part of the superincumbent pressure, is 

deflected to the solid rock at the sides of the excavation. 

Since the sides of the excavation form the abutments of the 

pressure arch, the pressure on them is called the "abutment 

pressuren. Inside this pressure ring there is a core of 

decompressed and fractured ground which is called the 

"intradosal" ground. Around the outside of this core of 

decompressed or de-stressed ground there is a zone of ;:: ' ... 1rm, 

compressed ground called the "extradosal" ground. These 

terms are illustrated in Figure 2. 

According to Dinsdale, the height of the intradosal 

ground above the excavation is very dependent upon the 
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resistance of the material forming the arch crushing and 

the intensi-.:y of pressure to which the arch is subjected. 

The stability of the pressure arch is maintained until 

failure takes place at either of the abutments or along the 

arch itself. Failure continues until a new pressure arch 

forms and equilibrium is restored. 

Where pillars are left in place in the excavation, each 

pillar forms an abutment for the minor pressure arches which 

span the openings between the pillars as shown in Figure 3. 

If one of these pillars fails a sudden merging of adjacent 

minor pressure arches takes place. This merging results in 

t:he formation of a major pressure arch with a coinciding 

increase in the pressure on the abutments of the major arch. 

This occurrence is illustrated in Figure 4. 

Dinsdale also noted that when the excavations are 

continually widening, as in the case of l , ' . . ... ongwa ... l. mining, the 

pressure arch renews itself as the span of the arch 

increases. Eventually, the pressure arch is incapable of 

spanning the opening and obtaining support along the solid 

sides of the excavation. When this occurs, the arch and the 

extradosal ground it supports will collapse and result in 

the subsidence of the surface. 

Denkhaus (1964) surveyed strata movement theories, 

including arching theory. Among these theories are the 

rigid dome theory, t:he presence of a fracture dome in 

elastic rock and its modifications and beam theory. 
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(after Dinsdale, 1937). 
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The rigid dome theory is the simplest of these theories 

since it is based on the equilibrium of forces at the 

boundary of the dome. This theory does not take deformation 

into account, however, it does consider failure which occurs 

when the load reaches a critical value called the failure 

load. In order to sirnpli fy the theory, a dome which is 

normally three dimensional is reduced to a two dimensional 

problem, as in the case of a longwall panel where the length 

of the panel is of sufficient length to eliminate it from 

the calculations. Also, a distinction must be made between 

sufficiently cohesive rock and insufficiently cohesive rock. 

In the case of sufficiently cohesive rock, the core of 

the dome or the intradosal ground will not separate from the 

dome boundary. For this reason the rock along the dome 

boundary must carry the weight of the core of the dome. 

the span of the dome becomes too large, the weight of the 

core will exceed the cohesive resistance of the rock and a 

sudden col lapse of the core or a major portion of it may 

occur. Any support which is under the dome would have to 

take a large amount of weight suddenly. 

If the rock is insufficiently cohesive, portions of the 

core will separate from the dome boundary either gradually 

or at short intervals as the span of the dome increases. Of 

the two conditions, is the more favorable with respect 

to ground control considerations. As the span of the dome 
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increases, the core may form smaller domes within the main 

dome in order to support itself. 

Denkhaus then presented the following formulas to 

determine the span at any depth, the maximum height for a 

stable dome and the corresponding maximum span. In the case 

of insufficiently cohesive rock, the formula for span is: 

s =~B~d (1-h/d)log(l-h/d) ( Eq. 2. 1) 

where s is the span, h is the height of the dome, d is the 

depth of the opening below the surface, w is the specific 

weight of the material, and C1C is the uniaxial compressive 

strength of the rock. The formulas for the maximum height 

for a stable dome and its corresponding span are: 

Hmax = 0.63d ( Eq. 2. 2) 

Smax = .J-2. 96~d ( Eq. 2. 3) 

For sufficiently cohesive rock, the formulas change to the 

following: 

s = ~8~h ( 1-h/d) ( Eq. 2. 4) 

Hmax = O. Sd (Eq. 2. 5) 

Smax = ~2~d ( Eq. 2. 6) 
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Note: when the rock is sufficiently cohesive the core of 

the dome remains in situ and the shape of the dome is 

parabolic. The above formulas are based on the assumption 

that the rock is both homogeneous and isotropic as well as 

other assumptions which are presented in the original and 

not discussed in this report. 

As the height and the span of the dome increase, the 

probability that non-homogeneities and anisotropies exist in 

the rock increases. Their presence would weaken the actual 

strength of the rock medium. 

The rigid dome theory does not give any information about 

the stress or movement ahead of the face nor around or 

within the dome. It does, however, set limits to a zone of 

movement; displacement does not occur outside the dome but 

it may occur within the dome. This, of course, is because 

the rigid dome theory does not account for deformation of 

the rock, as it is considered a rigid medium. 

The second theory that Denkhaus discusses is that of the 

fracture dome in elastic rock. In this theory the rock is 

considered to be a homogeneous isotropic elastic body. 

According to Denkhaus, "If a failure criterion for rock, 

that is the condition under which rock fails for a given 

state of stress, is applied to the stress distribution 

around an excavation, it is possible to predict the shape 

and size of the fracture zone that may surround the 
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exca\ration." In this theory, is assumed that a fracture 

zone will assume a shape and size so that at the dome 

boundary neither the tensile stress exceeds the uni axial 

tensile strength nor the compressive stress exceeds the 

uniaxial compressive strength. 

For this theory an axis ratio, 2h/s, can be obtained from 

the following formulas: 

2h/s::: (1+0t/wd)/2k - 0.5 ( Eq. 2. 7) 

2h/s = 2/(k - 1 + OC:/wd) ( Eq. 2. 8) 

where k is the ratio of lateral to vertical initial rock 

pressure, O"'t is the uniaxial tensile strength and the other 

symbols are the same as those used previously. The fracture 

dome will take the shape of an ellipse that will use the 

largest of the two ratios above. Note: when k equals zero, 

ratio 2h/s equals infinity. 

The advantage to the fracture dome in elastic rock theory 

is that the ground within the ellipse or the intradosal 

ground is fractured and therefore cannot be taken as a 

homogeneous elastic medium, while the extradosal ground is 

still a homogeneous elastic medium whose stress and 

displacements may still be predicted by using the theory of 

elasticity. The weakness of the elastic dome theory is that 

it is based on an oversimplification of the way in which 

rock actually fails. 
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There are two major factors that are usually ignored in 

elastic dome theory that should be considered. First, 

whenever failure is initiated, the stress distribution 

around the opening changes. The new stress distribution of 

the changed geometry should be determined and the failure 

criterion reapplied and repeated until no further 

propagation of fracture occurs. Second, the forces exerted 

from the fractured rock in the intradosal zone onto the dome 

boundary must be taken into account. Due to its own weight, 

the fractured rock in the int!:"adosal zone tends tc sag, 

unti 1 blocks of the fractured material wedge between each 

other and the side of the dome boundary. The ref ore, the 

vertical downward forces of the individual blocks may have 

components causing thrust between the blocks and against the 

dome boundary and other components tending to shear blocks 

out of the arch system formed by the thrust. This shear is 

resisted by the friction between the blocks which i~ turn is 

increased by the thrust so that the arch system remains 

stable. These arch systems are known as Voussc1r arches. 

This dome shape with Voussoir arches is illustrated in 

Figure 5. 

Another theory discussed by Denkhaus is beam and plate 

theor~1 • :n both the rigid dome and elastic dome theory, the 

rock was considered to be a homogeneous and isotropic 

:ned1u:n. One type of non-homogeneity and anisotropy that can 
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SOLID SOLID GROUND 

SOLID GROUND 

Figure 5. Hypothetical Shape of Dorne with I ntradosal Voussoi r Systems 

(after Oenkhaus, 1964). 
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more easily be dealt with theoretically is the 

stratification of a rock medium. This is a case of a series 

of plates (three dimensional) or beams (two dimensonal) 

which overlie each other. 

In beam theory, the maximum stress occurs at the face 

and, if the stress is greater than the strength, failure 

will occur there. If the beams are assumed to be clamped at 

both ends, failure will occur at the two ends. However, if 

the beams are somewhat elastic, the point of maximum stress 

and, therefore, failure moves toward the midpoint along the 

face. This process continues upwards through the strata 

until it stops. 

The amount of deflection in each beam depends upon the 

thickness of the strata and its elastic deformation modulus. 

Therefore, it is possible for a lower strata may deflect 

more than the overlying beam so that a gap (called the Weber 

cavity) occurs between the two beams. 

The dome itself is defined as the area within which the 

layers deflect and possibly fail and where Weber cavities 

may occur, while no deflection or failure occurs in the the 

extradosal ground outside the dome. Note that the beam 

theory is based on the assumption that no bond exists 

between the successive layers so that they may def le ct 

freely. 
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2.2 - Arch Shaoe and Size 

As already shown in this report, the shape of the 

pressure arch has been found to be one of three shapes: (1) 

elliptical, (2) parabolic or (3) a modified shape. Mohr 

( 1956) believ·ed in an elliptically shaped dome where the 

ratio of the height of the dome to the semi-width of the 

dome would vary with the ratio of the vertical stress to the 

horizontal stress. Mohr's relationship is as follows: 

B 
L = 

zz 
xx = 

1-PR 
PR ( Eq. 2. 9) 

where B= the height of the dome from the central axis 
L= the semi-width of the dome 

ZZ= the vertical stress 
XX= the horizontal stress 
PR= Poisson's Ratio 

This finding appears to be accurate for arches in massive 

and intact rock and can be determined by measuring the 

principal stresses present underground. According to this 

equation, as a hydrostatic stress field condition is 

reached, the ratio of the axes equals one and the shape of 

the dome becomes a semi-circular arc as proposed by Irving 

(1946). 

Another important fac~or in the determination of the 

shape of the pressure arch is the nature of the strata in 

which the arch is formed. According to Randolph there will 

be a high arch in strong strata with few joints. Therefore, 
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under a strong sandstone bed, the fall of the arch will be 

so slow that it allows a large span to be excavated from the 

underlying seam. The arch span enlarges until the stress is 

so great that failure occurs either at the pillar face or 

back in the excavation. This continues until the resulting 

roof falls allow the side of the pressure arch to rest on 

the gob, thereby reducing the span of the pressure arch. 

Another important work on the pressure arch theory was 

performed by the National Coal Board (1954) whi~h found that 

with an increase in the width of the underground opening, 

the size of the pressure arch will increase until a certain 

width is reached at which the superincumbent pressure can no 

longer be supported by the abutments along the solid sides 

of the excavation. At this point, the excavation is spanned 

by a pressure arch with one abutment on the solid coal and 

the other resting on the gob. The National Coal Board 

theorized that the pressure arch extends as far below the 

seam as i \: does above the seam and when the abutment of an 

arch in one seam is superimposed upon an arch abu~ment from 

an adjacent seam, the stresses will be additive. The 

superposition of pressure arch abutments is illustrated in 

Figure 6. The National Coal Board also indicated that the 

pressure in a certain area may be below that of the 

superincumbent pressure. This would occur where an upper 

seam lies within the de-s~ressed zone of a pressure arch 
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Figure 6. Superposition of Arch Stresses {after Stemple. 1956) 
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created by the mining of a superj acent or subj acent coal 

seam. The National Coal Board felt that the strata is under 

great pressure for about 20 to 30 yards beyond the outer 

edge of the de-stressed intradosal zone. However, beyond 

this distance, the pressure rapidly reduces to the normal 

superincumbent load. The height of the pressure arch was 

held to be about twice the width of the pressure arch. The 

National Coal Board created a formula to obtain the width of 

the maximum pressure arch for dept~s between 400 and 2,000 

feet: 

W = D/20 + 20 ( Eq. 2. 10) 

where W 
and D 

= width of the maximum pressure arch in yards 
depth of seam below surface in feet 

For example, if Seam "C 11 is 6CO feet underground and 

being mined, it is possible for a pressure arch to form to a 

height of 300 fae't above Seam "C". If Seam "B" is only 120 

feet above ,,C" it may be affected by this maximum pr-essure 

arch of Seam n ·"',, '-' . If Seam "All is 350 feet above Seam 11 C 11 it 

wi 11 not be affected by the pressure arch, as shown in 

Figure 7. A comparison of the size of pressure arches 

according to both theory and experience is illustrated in 

Figure 8. 
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2.3 - Finite Element Method 

The finite element method is a mathematical techni~~e in 

which a continuous solid is modeled by the use of a mesh 

containing a finite number of elements interconnected at the 

corner or nodal points. The nodal points and elements are 

then assigned numbers, and the coordinates of the nodal 

points are determined. Throughout experimental displacement 

of the model, the straight lines which form the elements are 

forced to remain straight. The stresses and strains that 

arise from forcing the elements to remain straight are 

evaluated according to equilibrium equations. The basic 

equilibrium equation used in finite element analysis is 

(Desai and Abel, 1972): 

[k] !ql = !Ql ( Eq. 2. 11) 

where [k] is the element property matrix, 
!q is the vector of nodal displacements, 
fQ! is the vector of element model forcing parameters. 

These equilibrium equations are then assembled in order 

to obtain a relationship of the following form (Desai and 

Abel, 1972), 

[K] {rl = {Rl 

where f Kl is the assemblage property matrix, 
lrl is the assemblage vector of nodal 

displacements, and 

( Eq. 2. 12) 

lR! is the assemblage vector of nodal forcing 
paramet:ers. 
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The boundary conditions and the specific loading 

conditions for any particular point can be incorporated into 

the f1ni te element analysis to solve for the nodal 

displacements. The stresses and strains can then be 

determined by using a transformation matrix such as the one 

below (Desai and Abel, 1972): 

!S! == [c] [BJ !qj (Eq. 2.13) 

where ! s ! is the stress in any element, 
[ c ] is the stress-strain ... > ma'"r1x, 
[B} is the transformation matrix, and 
! q l is as above in Equation 2.11 

Further discussion of the finite element method is beyond 

the scope of this thesis. Additional information on the 

finite element method may be obtained from Desai and Abel, 

1972, and Zienkiewicz, 1977 as well as many other works. 

The output from most finite element programs is in the 

form of displacement at the nodes, the vertical and 

horizontal stresses, the principal stresses and the angles 

at which they occ:ur, and the shear stress for any given 

element. 

It is important to understand why the finite element 

method is preferred over other methods of stress analysis. 

Several of these advantages are listed by Wilson,1965. 

ll The method is completely general with respect to 

the geometry and material properties. 
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2) Complex bodies composed of many different 

materials can easily be modeled. 

3) Anisotropic materials are automatically included 

in the formulation and thereby allows filament 

structures to be handled easily. 

4) Displacements or stress boundary conditions may 

be specified for any nodal point of the finite 

element mesh. 

5) Arbitrary thermal, mechanical and accelerated 

loads can also be included in the analysis. 

6) In regards to the accuracy, it has been shown 

mathematically that the solution of a finite 

element analysis converges to the exact solution 

as the number of elements for a particular size 

mesh is increased. In this way the desired degree 

of accuracy can be obtained. 

7) In the mechanics of the finite element method, 

a sym.rnetric, positive, definite matrix which most 

often occurs in a banded form can be solved by 

using a minimum of computer storage. 

Modeling Criteria for the Finite Element Method 

Perhaps the most important aspect of the finite element 

method is the discretization of the model body itself. The 

choice of the number 1 size, shape and configuration of the 
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elements should be made in order to simulate the original. 

body as closely as possible and to obtain a higher degree of 

accuracy in the results of the finite element method. 

Although a certain degree of engineering judgment is 

essential in the discretization of the model, there are 

several guidelines suggested by Desai and Abel ( 1972) that 

make this process easier. 

1) In the location of the nodes, subdivision lines 

and planes are usually placed where abrupt 

changes in geometry, loading and material 

properties occur. 

2) A finer subdivision is necessary in regions 

where stress concentrations may be expected. 

3) Curved boundaries of the model can be 

approximated as a step-like edge formed from 

the sides of the elements adjacent to the 

boundary, if straight-sided elements are to be 

employed. Isopararnetric elements with curved 

sides can be used in lieu of straight-sided 

elements. 

4) To minimize the computer time and storage for the 

overall stiffness matrix, the band width should 

be as small as possible. The band width is given 

as, 

B = (D + l)f (Eq. 2.14) 

where B is the semi band width 



28 

D is the maximum difference occuring for 
all elements of the assemblage, and 

f is the number of the degrees of freedom 
at each node. 

For this reason the numbering system of the nodes 

is very important in terms of computer time and 

storage. Figure 9 (b) shows the better way to 

number the nodes and elements for the model 

shown. 

5) The aspect ratio of the elements affects the 

accuracy of the finite element solution. The 

aspect ratio is the largest dimension of the 

element to the smallest dimension. Long, narrow 

elements are usually avoided in a finite element 

mesh, whereas equilateral quadrangles are most 

often used. Figure 10 shows the inaccuracy of 

solutions as a function of the aspect ratio. 

6) For a body of infinite lateral dimensions, side 

boundaries can be assumed and the side nodes are 

allowed to move only vertically, not 

horizontally. 

Kulhawy (1974) showed that for geotechnical problems, 

such as those under consideration in this study, arbitrary, 

linear strain quadrilateral elements are the most 

appropriate. Kulhawy recommends a minimum of 125-150 

elements for the analysis of simple structures in 
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homogeneous rock and that the boundaries of the finite 

element mesh should be at leas't six radii away from the 

center of the opening in order to minimize the boundary 

effects upon the solution as shown in Figure 11. 



en 
QJ 
:::: 

....; 
('j 

> 
....; 

"' <.) 
-I 
w 
OJ 
~ 
0 
0.) ,_ ...... 
~ 

......... 

C1l 
Cl) 
:1 
~ 
('tj 

> 
~ 
~ 

32 

l. l 

l. 0 TI1eoretical 

0.9 

0.8 Y and X displacement at 

nodal points. 

y and x in element's. 
I 0.7 I in elements. 

I 
x:y 

I 

0.6 

0.5 
3R 5.R 1R 9R llR 13R 

Location of Boundary of FEM Mesh 

Figure 11. Effect of External Boundary Location on Accuracy of 
Finite Element Method Solution (after Kulhawy, 1974). 



T T T l. .... .. ~ - CASE STUDIES 

In order to analyze the effects of the pressure arch upon 

multiple seam mining, several case studies were collected 

from published literature. 

3.1 - White Pine Copper Mine 

The study by Barrientos and Parker (1974) was conducted 

at the White Pine copper mine in Michigan and relates how 

simple observations and measurements were used to define the 

limits of the pressure arch. 

Mining conditions at the White Pine mine were stable 

+- • 1 un -.i ... the excavation 

approximately 300 feet. 

reached a critical width of 

Observations were made at many 

underground failures, some which were noi: planned but the 

rnaJority of which were created by pillar robbing operations. 

At this point it became clear to Barrientos and Parker that, 

within some critical width of excavation, pillars could fail 

without a major collapse of the roof occurring and that this 

critical width of excavation increased slightly with an 

increase in depth. The results of these observations are 

shown in Figure 12. 

In July 1966, full scale workings of various dimensions 

were developed at White Pine in order to test the pressure 

arch theory and to define the maximum width of the arch. 

33 



--
1500 

... 

... 

-
..... 10<)() 
w 
uJ 
i.... 
z 
:r: ,_ 
n. 
UJ 

Cl soo 

,_ 

.. 

.. 
.... 
... 

0 

0 

1 

IOO 

34 

0 

0 ! 
q 
1~ l' (..1 .:;-· v/ ., 

~ . 

1!1 
I 

0 0 •' I 
I 

1 • • 
o I• • 

'"' ~ -v 
0 /~ •• 0 • • I 

' 
2.00 300 400 soo 600 700 

LEAST WIDTH IN ~fET 

Underground collapse appeared at surface • 
Underground collapse did not appear at surface O 

Figure 12. Critical Width versus Depth 
(after Barrientos and Parker, 1974). 

41 



35 

Several conclusions were drawn from the information supplied 

by the test panels: 

l) A pressure arch can be formed, 

2) The maximum width of the arch at a depth of 550 

feet was at least 308 feet, 

3) Pillars within the panel must be small enough to 

yield or no arch would form, 

4) Load was transferred to abutment pillars, 

5) Distribution of load could be arranged through 

design of pillar stiffness, 

6) High extraction (in t.11.i s case 92~~) can be 

attained within the narrow panel, 

7) Effective modulus of deformation of small pillars 

was less than half of the laboratory value 

(Barrientos and Parker, 1974). 

The extent of the pressure arch which formed as a result of 

the mining conducted at White Pine is shown in Figure 13. 

Barrientos and Parker believed that the rock mass could not 

exert any significant resistance to i::ensile stress. 

However, due to many measurements and observations they felt 

that it was the lateral compressive forces which held the 

jointed rock mass in place in the roof. They used these 

findings to further explain the pressure arch theory. 

According to Barrientos and Parker the weight of the 

overburden above a cave or yielding pillars can be supported 
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Figure 13. Extent of Pressure Arch Formed as Result of Mining 
at White Pine (after Barrientos and Parker, 1974). 



37 

from the sides if the lateral stress is great enough and the 

weight of the rock is not too great. Since the weight of 

the rock mass within the pressure arch, per square inch of 

side support area, depends upon the unsupported span, for 

each different lateral stress condition there will be a 

different critical width of excavation. Since the lateral 

stress is comprised of two parts, a primitive stress that 

exists near the surface and changes little with depth and 

the Poisson component of vertical stress that does change 

with depth, the width of the pressure arch can be expected 

to increase as depth increases. The two components of 

lateral stress are illustrated in Figure 14. 

3.2 - gadley Hill Colliery 

This case st~dy was conducted at the Cadley Hill Colliery 

of the Main Coal Di strict. The Main Coal seam lies at a 

depth of approximately 1600 feet and averages 14 feet 6 

inches thick. Approximately 190 feet below the Main Coal 

lies the four foot thick Woodfield seam, 60 feet below that 

is the 5 foot 8 inch Stockings seam and about 50 feet below 

that is the 4 foot Eureka seam. 

The roadways of the Main Coal workings crossed over areas 

that were worked in the lower Stockings seam and the 

following observations were made: 
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1) The ground immediately above the worked panel 

of the lower Stockings seam was de-stressed and 

the roadways in the Main Coal seam were in 

excellent shape. 

2) The ground immediately above or to one side of 

the edge of the gob in the Stockings seam was 

highly stressed and the roadways driven in the 

Main Coal seam deteriorated badly. 

Specific examples of the effect of areas of high stress 

and low stress upon an upper seam include a return gate 

which was driven in the Main Coal seam directly above a 

pillar edge in the Eureka seam experienced over five feet of 

floor heave before the face retreated. A Main Coal main 

gate that was above the Stockings gob stood in good shape 

until the entries passed the edge of the gob and began to 

deteriorate. A cross-section of the Main Coal seam and the 

Woodfield workings is shown in Figure 15. These examples of 

the effect of the stresses around a pre-existing lower 

mining opening upon an upper seam should be noted in the 

future in the mine design of an upper seam working over a 

previously mined lower seam. 

3.3 :. MoQ_2na~l1a County, West Virqinia 

This case study is one of many documented by Stemple 

(1956). In this instance the lower seam is the Pittsburgh 
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seam which averages 96 inches in thickness. The upper seam 

is the Sewickley seam which is about 66 inches thick. The 

Pittsburgh seam is mined by driving twenty foot rooms on 

ninety foot centers with an overall extraction ratio of 60% 

and up to 85% where pillaring has occurred. The Sewickley 

seam is mined with twenty foot rooms on seventy foot centers 

with a resulting extraction ratio of approximately 75 

percent. The innerburden between the two seams is about 

ninety feet thick and is comprised of mostly shales and 

limestone. The overburden is approximately 400 feet thick 

and is comprised of shales, fireclays, limestones and 

sandstones. 

This case study is an example of the disturbance that may 

occur in an upper seam over a line between the solid coal 

and the gob in the lower seam. However, the greatest damage 

is not directly over.the edge of the remaining coal in the 

lower seam. Instead, the most damage occurred in an area 

out over the gob away from the solid coal, usually at a 

distance of 100 to 300 feet from the edge of the solid coal. 

A cross-section view of the case study is shown in Figure 

16. 

The location of the damage is due to the fact that the 

overlying strata above the gob fail successively further out 

over the gob. This results in an arch shape which carries 

the damage out to a point away from the edge of the solid 

coal in the lower seam. 
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IV. - FINITE ELEMENT MODEL DEVELOPMENT 

4. 1 .:: The Finite Element Comouter Program 

In an effort to evaluate the effect of the pressure arch 

upon multiple seam mining, finite element computer modelling 

was used to simulate certain mining conditions. In this 

way, with proper input, the program accurately yields the 

principal stresses and their directions across the model. 

The computer program used in this study was developed and 

published by Desai and Abel (1972). This program was 

selected for both its simplicity and generality. The 

program can be used for the linear, elastic, plane strain, 

or plane stress analysis of isotropic bodies. The finite 

element program was written in FORTRAN IV and can be used 

with both quadrilateral and triangular element shapes. 

Most of the calculations are performed in the various 

subroutines within the computer program. The main program 

itself reads the title of the problem, computes the semi-

band width (as explained in Section 2. 3. 2 of this text), 

solves the overall equilibrium equations, and prints the 

displacements. Following is a list of the subroutines 

within this finite element program with an explanation of 

their functions. 

1} DATAIN: Reads and prints the input data. 

Performs error checks en the input. 

43 
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2) ASSEMBL: Initializes and assembles the overall 

stiffness matrix, and the load vector. 

Temporarily stores information needed for 

later calculations. Introduces geometric 

boundary conditions on the model. 

3) QUAD: 

4) CST: 

Computes the stress-strain matrix, 

stiffness matrix, strain-displacement 

matrix and body force vector of either 

a quadrilateral or triangular matrix. 

Compute the strain-displacement matrix, 

body force vector, and stiffness matrix 

for a constant strain triangle element. 

5) GEOMBC: Applies the prescribed boundary conditions 

for each individual node. 

6) BANSOL: Triangularizes the overall stiffness matrix 

by symmetric Gauss-Doolittle decomposition 

or solves for the displacement vector 

corresponding to a particular load vector. 

7) STRESS: Computes the strains, stresses and the 

principal stresses. Prints the stresses 

at the centroid of the elements. 

More information concerning this program is available in 

Desai and Abel (1972) and in Appendix C-1. 
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4.1.l = Preparatio~ 2i Finite ~lement Model 

The first step in preparing a finite element model is to 

sketch what the model is supposed to represent. In this 

case, eighteen different models were prepared. In each case 

the height of the mining opening was set at five feet. The 

width of the opening was set at a minimum of 100 feet and 

was increased by multiples of 100 feet to a maximum of 600 

feet. The depth of the mine opening below the surface was 

set at 500 feet, 750 feet and 1000 feet. The lateral extent 

of the model was limited to a maximum of 2000 feet, that is, 

1000 feet from the centerline of the mine opening. 

In order to make the results of the finite element 

program as accurate as possible, the values used to define 

the material properties of the model itself must also be as 

accurate as possible. In this study, three different 

materials were used, a sandstone, a shale and a coal. The 

material properties for these different strata are shown in 

Table 1. 

The finite element program is then run using the 

necessary input as described in Appendix 

will produce values for "the horizontal 

C-1. The program 

stress, vertical 

stress, shear stress, principal stresses and their 

directions for each element of the model. 
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Table l 

Material Properties Used in the Analysis 

Rock Modulus of Poisson 
~ Elasticitv Ratio Density 

Shale l. 61 x 108 psi 0.10 158.0 pcf 

Coal 0.72 x 108 psi 0.25 125.0 pcf 

Sandstone 3.00 x 108 psi 0. 15 144.0 pcf 
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4.2 - The Mesh-Plot Proaram 

The finite element program requires large amounts of 

input in order to make the required calculations. T f" .... ' 
however, an error occurs in the input, the finite element 

program will run until the error is detected thereby 

incurring a loss of by time and computer funds. For this 

reason, an auxiliary program was created (Bhattacharya, 

1980) to detect any errors in the input of the nodal points 

and elements themselves. This mesh-plot program generates a 

plot of the finite element mesh. 

The mesh-plot program was written in FORTRAN and is 

tailored for use at the facilities of the Virginia Tech 

Computing Center. The mesh-plot program is capable of 

plotting the finite element mesh on either a Versatec 1200 

electrostatic plotter or a CALCOMP 1051 drum plotter. 

The formatting of the input is identical for both the 

fininte element program and the mesh-plot program. In this 

way the element and nodal point data for the finite element 

program can be checked in the mesh-plot program before the 

finite element program is run. 

The mesh-plot program checks for negative element areas 

and missing element or nodal numbers. Further information 

on the mesh-plot program is furnished in Appendix An 

example of the output from the mesh-plot program is shown in 

Figure 17. 
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As part of the output of the finite element program, 

principal stresses at each element and their directions are 

produced. The stress-plot program plots the scaled 

magnitudes of the principal stresses and directions of these 

stresses at their proper relative positions (Bhattacharya, 

1980). This program has been modified to read as input the 

output from the finite element program. This eliminates any 

errors which may occur in the transfer of data from one 

format to another caused by operator error. 

The stress-plot program plots the principal stresses by 

calculating the coordinates of the ends of the stress vector 

as shown in Figure 18. The sign convention for the stresses 

is identical to that used in the finite element program, 

that is, tensile stress is positive and compressive stress 

is negative. An example of a stress vector diagram is shown 

in Figure 19. Additional information on the stress-plot 

program is given in Appendix C-3. 

4.4 - The General Puroose Contouring Program 

Another method of showing the stresses caused by an 

underground opening is through the use of contours. This is 

accomplished with the help of the General Purpose Contouring 
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Figure 18. Sign Convention for Plotting Stress Vectors 
(after Coates, 1969). 
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Program (GPCP) developed by Batten and available through the 

California Computer Products, Inc. ( 1971). 

The program graphically displays the functions of two 

variables as contour maps. GPCP is a very flexible program 

that allows the user to: specify a function at random points 

or at an array; delete the contour plotting in specific 

areas; plot bold index contour lines with or without labels; 

suppress contour lines in areas of high contour density; and 

make notations on the plot. 

The General Purpose Contouring Program is written in 

FORTRAN and uses either a Versatec or CALCOMP plotter. 

Since the GPCP package is made available from California 

Computer Products, Inc. directly to the Virginia Tech 

Computing Center, a listing 

to the public. A sample 

of the program is not available 

of GPCP input is included in 

Appendix C-4. 

in Figure 20. 

An example of the output from GPCP is shown 
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Figure 20. Example of GPCP Output 

-10 Oo 



~- FHOTOELAST!C MODE~ DEVELOPMENT 

The basis of photoelasticity is that when a birefringent 

material is loaded and viewed through the plates of a 

polariscope, fringes appear which are directly propor~1onal 

to the resulting shear stresses in the material. To 

elaborate, after a photoelastic • 1 moae. is loaded, the 

material is viewed with the light from a dark field circular 

polariscope. Alternating light and dark patterns car. be 

seen across the stressed areas of the model. The dark bands 

on the model represent patterns of light interference and 

are known as fringes. These fringes are assigned an order, 

or number, depending upon the boundary conditions .... '""ne 

model. The value of the fringe order is directly 

proportional to the maximum shear stress at any point or the 

difference between principal stresses at that point, as 

shown in the following equation. 

"'('max = Sl - S2 LLJ: 
2 = t ( Eq. 5. l) 

where-{:~ax = maximum shear stress 

Sl = major principal stress 

S2 minor principal stress 

n = fringe order 

;.• = mat:erial fringe factor .... 

.... = ma-::erial thickness L. 
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By using photoelastic me'thods is alsc possible tc 

determine the principal s~resses across the model. 8y 

adjusting the polariscope a plane polarized light field 

gives the inclination of the principal stresses to the 

vertical for any point on the model. The shear stress along 

t.he x-y plane is defined in terms of ~he 

variables: 

nf 
(xy = t sin 20 ( Eq. 5. 2) 

where'('xy = shear stress in x-y plane 

B = principal stress inclination 

and other variables as in Eq. 5.1. 

In this study/ the photoelastic modelling was limited to 

two dimensional analysis. According to Coates ( 1965), two 

dimensional approximations are adequate for any engineering 

purpose when the length of the opening is greater than twice 

the opening width. This finding was substantiated by Heuze 

(1970) who found only minor changes in the stresses along a 

line of pillars in a room and pillar mines. An additional 

constraint of plane stress analysis was also placed on the 

model. Plane stress theory will give accurate results when, 

as noted by Frocht ( 1948), the lateral dimensions of the 

photoelastic model are at least four times the thickness. 

In an effort to obtain a more accurate stress pattern in 

the photoelastic model, two horizontal slots were machined 

into each edge of the photoelastic material pillar in order 
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t.o model t:he yield zcne which along the perimet:er of 

coal pillars. This had the e~fect of reduc1ng the normally 

high stresses that are found at the edge of the opening. 

The photoelastic material, polyurethane rubber ( PSM-4) was 

machined according to the techniques outlined by Neall and 

Haycocks (1974) and Neall (1975). 

In order to model the stresses surrounding an underground 

opening, several photoelastic models were used. A crossed 

circular polariscope was used to eliminate the isoclinic 

lines from the fringe pattern since the directions of the 

principal stresses were not desired :ram model. The 

principal stress difference, however was desired as this 

would show the areas of high and low stress across the 

model. The fringe pattern is known as an isochromatic 

fringe pattern. When the model is viewed with white light, 

where all the wavelengths of the visible spectrum are 

present, the isochromatic fringe pattern will appear as a 

series of colored bands. A black fringe wi 11 appear only 

when the principal stress difference is zero and a zero 

order of extinction occurs for all wavelengths of light. 

This black area correlates with the de-stressed region 

within a pressure arch. Examples of i sochromatic fringe 

patterns which show the de-stressed zone above the model 

openings are shown in Figures 21 and 22. 
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Figure 21. Example No. 1 of Isochromatic Fringe Pattern 
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Figure 22. Example No. 2 of Isochrornatic Fringe Pattern 



"'}I . - c: .. l;._2E 

In order to check the accuracy of the fin: te element 

computer method, it was necessary to run the program with 

:nput der:ved from a documented case study t'.) check the 

:-esul t.s cbtaineci from the finite elemen~ a:-J.al·ysi s aga:.ns-: 

those noted in the case study. 

For this purpose a case study was selected that measured 

-:he stresses around an underground opening. Howell et al 

1976) documented the stresses around a shcrt•,<1al l mining 

area comprised of six adjacent panels at the Hendrix No. 22 

Mine in Kentucky. Each of the faces were 170 feet wide en 

270 foot centers, with an extracted seam of four 

feet. The depth of cover over shortwal l area ranged 

from 770 feet above panel to a det:::ith of :: 70 feet 

panel :J. The overburden consisted of 115 feet shale and 

coai. strata directly above the mined seam, a hundred foot 

t.hick sandstone layer above that and layers of shale and 

sandstone reaching to the surface. The results were 

obtained from a borehole, drilled from the surface, above 

the centerline of panel ., which was the first. panel to be 

:nin~ed ~ 

According to ~"'I' , , .:10We J.. .L, the first feet. above t.he 

shortwall face consisted of a large tensile zone, which was 

due to caving of material into the excavation. Bet<: ... 1een 33 
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an~ 49 feet &bove the opening the strains were compressive, 

::c :.he rota t.:on of as -::r.i.ey :a~.reci. 

str-at:.a in large blocks due to the sandy nature of the 

shale. Above this compression zone the strains again became 

tensile, perhaps due to bed separation at the base of the 

bed may have bridged over the excavation, acting as a beam. 

':'he conditions described in the case study we:?'.'e 

duplicated as closely as possible in the input of the finite 

element program. A mine opening of 170 feet wide by 4 feet 

in height was modeled and the model duplicated the geologic 

column of the I-iendri}~ mine as closely as possible. :"he 

results from the finite element program and subsequent 

contoi..;.ring 0£ the output show that a tension zone e:<tends 

approximately 30 feet above the mine opening. This could be 

seen in Figures 23 and 24 which are contours of the vertical 

and horizontal stresses respectively. However, the fir.1 te 

element program used in this research could not duplicate 

the bed separation which may have occurred between the 

different materials in the overburden. From this 

correlation it was decided that the finite element program 

was sufficiently accurate. 
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SCALE: l INCH "' 50 FEET 

Figure 23. Contour of Vertical Stresses, Hendrix Mine Case Study. 
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SCALE: 1 INCH = 50 FEET 

Figure 24. Contour of Horizontal Stresses, Hendrix Mine Case Study. 



- FIN I TE E LEiv!E!~T 

The finite element program was run for varying widths of 

mine opening, depths cf cover and overburden material. The 

output f::-orn the finite element r;,rogram for eac!-'*' of -ct1ee,e 

different mining conditions is summarized in Appendices A 

and B. The width of opening ranged from 100 to 600 feet in 

increments of 100 feet. The depth cf overburden was set at 

500, 750 and 1000 feet. It is belie~led that the range of 

these values would cover the majority of mining conditions 

in the Appalachian region. As an additional variable ~o be 

ccns1aered, the overburden was selected as either completely 

sandstone or completely shale as these would be the two 

extremes to be encountered in the mining of coal seams. 

From the various output it was determined that a de-

stressed zone lies above each opening. In this region the 

reported stresses in the overburden are actually less than 

t.he stresses that would be present if no mine opening was 

present. The vertical stresses and horizontal stresses both 

exhibit this trend. The extent and magnitude of this de-

stressed zone is dependent upon both the width of opening 

and dept.h below the surface. :: or exarnple r for an opening 

200 :·eet wide u!"lder 500 feet of overburden, a tens1on zone 

exists to a height of approximately 50 feet above t.he 

opening along the centerline of the mine oper.ing. 
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dis-:.ance of fee": abo9! . .re the opening the vertical s":resses 

:.en percen't. of the superincumbent Dressure. At. .... / .::;, 

feet above the opening the vertical stresses are only 55 

pe:::-cent of the super incumbent pressure. This trend holds 

for all the models, where a region of reduced stress 

overlies t~e mine opening. 

For a given depth below the surface, the tension zone 

increases in both width and height as the width of the mine 

opening increases. For an opening 300 feet wide under 500 

feet of overburden, a tension zone extends 90 feet above the 

opening; for a 400 foot openi~g. 125 feet above the open~ng; 

for a 500 foot opening, 175 feet; and, fer a 600 f.::::iot wide 

opening, the tension zone extends 225 feet above the 

opening. 

For a given width of opening, the height of tensile zone 

decreases as the depth of overburden increases. For a 300 

foot opening under 500 feet of overburden, a tension zone 

reaches approximately 90 feet above the mine opening. For 

an opening of the same width under 750 feet of overburden, 

the tensile zone is about 30 feet high. Under 100 feet of 

cover the tensile zone is approximately 20 feet in height. 

For points with1n the intradosal ground or pressure arch, 

research shows that the stresses decrease as the the width 

of opening increases for any given depth. In other words, 

as the width of opening increases the zone above the opening 

is subject to decreas1ng stresses creating an envelope above 



the opening where the vertical s~resses with:n the overlying 

rock are minimal~ 

However, JUSt as the intradosal stresses decrease with an 

increase in opening size, so do the abutment pressures 

increase around the intradosal zone. For a 100 foot opening 

under 500 feet o~ overburaen, the abutment pressures arcunc 

the opening are just 10 percent more than the superincumbent 

pressure. The abutment pressures around a 600 foot opening 

under the same depth of cover can approach and surpass twice 

the superincurnbent pressure. As the depth of cover for a 

g1 T\.ren ;.Jpening wid-::h incre.ases; the abutment pressures get 

closer to the superincumbent pressures. 

The different materials of the overburden did not have a 

major effect upon the finite element output for the 

different opening widths and depth of overburden. The 

results obtained using a completely shale overburden are 

within ten percent of those obtained using a sandstone 

overburden. Therefore, the values cited above ari::. average 

values fer a given mining condition. 

The de-stressed zone above the mine openings as shown 

the finite element analysis correlates to that exhibited in 

the photoelstic models. This correlation can also be seen 

in the stress traJectcries drawn for both the finite element 

model and for the photoelast1c model as shown in Figures 25 

and 26. This zone of decreased stress should be :mpor~an~ 

in ~he m:ne design of future opera~ions in an upper seam. 
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By us::ng t1·1e ::a~b1es ir:. ~Z\:r::pendices A and B, a .... sc 

possible to co.:-relate infcrrnation obtained f~om ti"1e case 

studies with experimental values. The case study shown in 

section 3.4 of this report had a lower seam opening width of 

500 feet, a depth of overburden of approximately 1000 feet 

Tl:e case 

study reported that the upper seam entries experienced no 

roof control problems as they were 1n a de-stressed zone 

above the lower panel. The tables of Appendix A show that 

~he vertical stress at that point is only about forty 

percent of the superincumbent pressure that may be expec~ed 

if there were no opening below. 



In o:::-der to asce:-tain the effects that a pressure c.rch 

has upon the mining of an upper seam, is necessary, 

:i:-s-:, t.c e'!lal;.;.ate the st:resses c~eat.ed by ar.1. '.Jnde!."'.2 

mine opening. 

The exca·vation of an opening :.inderground dist'.lrbs ::he 

pre-ex1st1ng stress field within the rock. These changes in 

the stress field :::-esult in both the deformation and 

displacement of the s'trata above the mine opening. The 

extent and degree these changes in the stress :ield 

affects the possible future mining condi'::ions in an 

overlying seam. If an excavation is formed in an upper seam 

at a later date, the location of the opening with respect to 

the pressure arch formed by a previous lower opening is very 

important. 

For this reason research was conducted in an attempt to 

evaluate the extent and degree of the change of the stress 

field due to an underground opening. Case studies were 

collected and analyzed to determine those changes in t:he 

stress field that have been documented by previous authors. 

After this, the finite element program was utilized to find 

trends in the changes of the stress field due to various 

widths of mine opening, depths of cover and overburden 

materials. These findings are sununa!:"'ized in P.~ppendi ces ~~ 

69 
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and B ~ ':hese tab:es are to De us.ed as a design ::oo: 

future mi~ing operations in a previously rrined area. ~hese 

tables must be used as approximations as each different mine 

will have different geologic conditions betwen the two 

seams. 

A.l thoug~ the :.ables obtained in. re sea ch are 

approximations, it is felt that the finite element method 

which is presented can be applied with confidence anywhere 

if the input to the program is as accurate as possible in 

regards to the material properties, geologic column and size 

cf the mine openings. 

The results of the finite element analysis was checked 

qualitatively by using photoelstic modelling. Photoelastic 

modelling produced a similar de-stressed zone above the mine 

opening that was found in the finite element analysis. It 

is also possible to use the photoelastic modelling method to 

obtain the principal stresses and their inclinat.ions fo:r 

points across the model. This would further 

information with which to check the finite element analysis 

method. However, this opt.ion was beyond the scope of this 

project and its timetable. 



IX. - CONCLUSIONS AND RECOMMENDATIONS 

9 - Conclusions 

Based on the findings of this reseach the following 

conclusions can be made: 

l) The underground m1~1ng of a seam alters the ~ative 

stress field within the rock. 

2) This altered stress field is in the form of a 

pressure arch which forms above the opening and is 

divided into two distinct zones. 

a) The first cf these zones is the de-stressed 

intradosal zone above the opening where the stresses 

are now below the superi!"lcumbent pressures present 

before mining. 

b) The second zone is the pressure ring which 

surrounds the de-stressed zone. In this pressure 

ring the pressures are higher than the native 

stresses. 

3} If in the future an upper seam is to be extracted, 

the position of the new mine opening in relation to the 

pressure arch around the lower opening is of 

importance. 

a) T; the upper opening is driven in the intradosal 

zone, lower pressures can be expected than in the 

surr-:iund:ng rock ar~d, possibly, fewer roof control 

'7 1 
! .... 



probiems will be encountered. 

b) If the upper opening is driven through the 

pressure ring of an existing arch, higher pressures 

will be encountered along with a probable increase 

in roof control problems. 

9. - Recommendations 

In areas where multiple seam mining is to take place, the 

determination of the stress field that may be encountered 

should be an important factor 1n the design of the mine 

layout. An accurate account of these stresses would enable 

the mine engineers to avoid areas of high stress or at least 

to be prepared for them when they are encountered. In order 

to obtain results that are as accurate as possible, the 

input into the program should also be accurate. This would 

be the result of actual core information as well as accurate 

values for the modulus of elast.ici ty, Poisson's ratio and 

the weight density of each material in the overburden. 

Pmy theoretical approach to a rock mechanics problem is 

an accurate approximation only if the theoretical approach 

can be applied to a known situation and give an accurat.e 

representation of the actual values. In order't,i;ensure that 

this finite element approach is accurate, case studies which 

evaluate the present stres>" fields should be collected from 

literature or, more importantly, from actual field da~a. 

The photoelastic modelling method also requires more 

work. In order to more fully understand how the stresses in 
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a photoelastic model correlate to those obtained in the 

finite element analysis, information about the values of the 

principal stresses as obtained from a photoelastic model 

must be compared to those of an equivalent finite element 

model. This technique exists and should be further 

investigated in future research. 

Another aspect that must be considered in this area is 

the variable of time. It must be accurately determined if 

the period of time between mining the lower seam and mining 

the upper seam will alter the stress field in magnitude and 

extent. 
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Figure 27. Example Grid of Location of Values from 
Tables of Appendices A and B. 



~able ?.- ~ 

:;;1gma (' V'' ;. J Opening lOG' by 500' Sar:ds.tone o~.re rbu rci.e n 

Height Above 
Seam 

H/W feet 

450' 

4 400' 

' l/2 350' 

3 300' 

200' 

150' 

100' 

3_/4 

50' 

l,14 

Sigma (Y) as a Percentage of the 
Overburden Pressure at se~ Distances 

50' 75' 100' 150' 

97.94 98.17 98.40 98.73 99.53 

96.74 97.07 97.40 98.03 99.33 

95. 43 95.92 96.40 97.37 99 17 

94. :o 94.94 95 78 97.02 99. 24 

92.30 93 68 95.06 96.72 99.66 

89.79 91 92 94.04 96.50 99.84 

85.69 89.56 93.44 97.10 101.64 

78.12 86.57 95.02 99.98 105.44 

73 18 84.94 96.71 102.24 107.29 

64.48 84 .. LL 104.14 107~02 108.33 

55 79 1::.1.58 111.79 109~37 

H/W = Height above seam divided by width of opening 
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Tabie A-2 

Sigma (Y) for Opening 200' by 5', 500' Sandstone Overburden 

Height Above 
Seam 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

H/W 

2 

1 1/2 

1 

3/4 

1/2 

1/4 

feet 50' 100' 150' 200' 300' 

400' 87.46 91.43 96.23 100.70 105.80 

300' 78.43 86.28 95.42 103.00 109.62 

200' 66.72 83.06 99.48 109.62 113.12 

150' 56.20 84.24 107.70 117.11 114.80 

100' 45.39 88.82 117.72 121.67 113.36 

50' 23.61 103.94 138.66 127.16 112.33 



( y) :or Opening 300' by 500' Sandstone Overburden 

Height Above 
Seam 

H/W feet 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Cen~erline of Mine Opening 

150' 225' 300' 450' 
-----------------------------------------------------

' l/1 2 450' 85.54 94. 16 102.60 107.35 :oS.94 J. 

1 -, I":/"\, 63 . 94 87.54 2_fJ9. 16 118.76 ll9~ !"":: - .;uu ' _, 

3/4 225' 53.09 88.09 116~55 124. 90 121~27 

1 150' 36. 16 95.94 133.41 131. 78 120.66 

1/4 75' 16. 61 114.90 149.72 131.71 116.83 



~able ~t\-

S::.gma (Y) for Opening 400' by c;. I 
~ I 500' Sandstone Overburden 

Height Above 
Seam 

H/W feet 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

100' 200' 300' 400' 600' 
-----------------------------------------------------

400' 75.28 97.93 12.4. -.-, ' ' - 14 3.05.48 ~ 
'.)I ' ' I 

3/4 300' 59 .31 98.53 124.89 2.26.98 3.06.34 

, ,., 200' 43 .95 105.42 138.41 133 .33 108.86 .L/ ~ 

1/4 100' 22 . 81 124 . 7" . .I. 155.08 133 .38 107.40 
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7abl.e 

Sigma (Y) for Opening 500' by 5', 500' Sandstone Overburden 

Height Above 
Seam 

B/W !:eet 

3/4 375• 

l,/2 :250' 

1/4 125' 

S~gma (Y) as a Ferce~tage of the 
Cverburden Pressure at set Distances 

from Centerline of M:ne Opening 

250' 500' 750' 

65. ~..., 

:i,::, 106.80 128.80 " ')..., 
~ ..... ~ .80 100.40 

43~ 05 :.15.64 148.40 132.60 100~ 76 

16. 32 137,06 165.87 l32 .53 100.00 
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Sigma ( y) fer Opening 600' by 500' Sandstone Overburden 

Height Above 
Seam 

H/W feet 

3 450' 

:12 300' 

1/4 150' 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

150 1 300' 450' 600' 900' 

78 73 109 80 :1: 25 96.76 

124.89 is: 40 125 95 92 86 

16. J.. 7 157 86 173 07 126 00 92 00 
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'!'able A-7 

Sigma (Y) for Opening 100' by 5', 750' Sandstone Overburden 

Height Above 
Seam 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline o: M:ne Ope~~ng 

H/W 

7 

6 1/2 

6 

5 1/2 

s 
4 1/2 

4 

3 1/2 

3 

2 1/2 

2 

1 1/2 

1 

3/4 

1/2 

1/4 

feet 25' 

700 I ** ** 

650' ** ** 
600 I ** ** 

550' **.** 
500' ** ** 
450' 96.65 

400 I 96. 31 

350' 95.53 

300' 94.48 

250' 92.94 

200' 90.52 

150' 86.52 

100' 79.04 

75' 74.07 

50 I 65, 04 

25' 56.00 

SO' 75' 100' 150' 

99.00 99.08 99.17 99.34 

98.66 98.83 99.00 99.34 

98.33 98.58 98.83 99.33 

98.50 98.78 99.06 99.64 

97.72 97.95 98.12 98.73 

96.89 97.12 97.32 98.01 

96.66 97.02 97.44 98.36 

95.96 96.40 97.08 98.38 

95.08 95.68 96.62 98.44 

93.94 94.92 96.26 98.78 

92.27 94.02 96.14 99.65 

89.97 93.42 96.73 101.45 

86.88 94.72 99.34 104.47 

85.11 96.15 101.41 106.30 

84.18 103.32 106.12 107.46 

83.24 110.48 110.82 108.62 

** ** = Percentage undeterminable from model used 
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7abl.e A-8 

Sigma (Y} for Opening 200' by 5', 750' Sandstone Overburden 

He.i9·ht Abo'!Je 
Seam 

:I/W feet 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

50' 100' 150' 200' 300' 
-----------------------------------------------------

3 "'II /""'· 

.l. I L. 700' 96.00 96. 75 97. 50 98.55 100.30 

3 600' 94.00 95~00 96.00 97.66 100.66 

2 l/2 500' 91. 38 92 0" 
• J L. 95 12 97.54 101.68 

2 400' 87.36 90.06 93 .59 97.28 102 75 

. 1/2 300' 82.09 87.21 93 . 49 99 . 13 105.34 .l. 

1 200' 7? 64 84. 38 96.52 104. 54 108.83 ... '"' 

3/4 150' 65. 10 84. 36 101 . 32 109 . 58 110.27 

l/'2 100' 54.84 87.55 110.28 ~ 1 c::: 
~.A,,_.;-. 76 1' ~ ~. . •JO 

1/1 4 50' ,, " '-.tL. .52 96.08 "'! .., '1 .... .:.. _, .45 120. 52 110.86 



88 

Table A-9 

Sigma (Y) for Opening 300' by 5', 750' Sandstone Overburden 

Height Above 
Seam 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

H/W 

2 

l 1/2 

1 

3/4 

1/2 

1/4 

feet 75' 150' 225' 300' 450' 

600' 88.50 92.00 96.50 100.66 105.33 

450' 79.16 86.06 93.88 100.89 105.73 

300' 67.91 84.66 100.80 109.69 112.04 

225' 59.43 85.34 107.24 115.24 113.05 

150' 46.88 90.92 119.54 121.54 112.88 

75' 27.11 104.60 136.74 125.26 111.78 



Sigma (Y) £or Opening 400' by 5 1 , 750' Sandstone Overburden 

Height Above 
Seam 

H/W feet 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

100' 200' 300' 400' 600' 
-----------------------------------------------------

l 1./2 600' 82 66 91 . 34 100. 67 106.67 107. ,.. ..., 
0 I 

~ 400' 66.44 86.94 105. 70 114.98 112.76 

3/4 300' 56.92 88. 24 :!..12.76 120. 70 113 .56 

l./ I') 200' 44.40 94.84 125. 30 126.40 11.2.92 ... 
1./4 100' 24.24 1 1 ':) 

~~"" .93 1424 65 128.28 111. 10 
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f..~- :..1 

Sigma (Y) for Opening 500' by 5', 750' Sandstone Overburden 

Heiqht Above 
Seam 

H/W feet 

Sigma (Y) as a Percen::age of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

250' 375' 500' 750' 
-----------------------------------------------------

500' ~ ~ 63 91 ~ 20 111 41 118 00 110 44 . oc 

3/4 375' 54 93 a- 1<1, 119 47 124. 67 i , 1 87 J4'..- J. ~ ...l. ...!..J.. 

"l /""! 
'"""'/ L,, 250' 40. 86 99. 58 130 19 128. 96 , .., 1 

..l l. ... 37 

1/4 125 ' 18 16 119 44 150 56 130. 48 109 ,.,,.., 
,t.v 



a· 
J J. 

Tab ~.- .12 

Sigma (Y) for Opening 600' by 5', 750' Sandstone Overburden 

Height Above 
Seam 

E/W feet 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

1 CJ\ 1 ..... ..,..., 300' 450' 600' 900' 
-----------------------------------------------------

l 600' 72 67 96 67 '_, 4 l. J.. <> 67 116 33 106 66 

3/4 450 ' 56. 71 94. 21 ' , a ';Q , ,., ~ ' ..., :..os 68 .1 ..i.. _. -~' ...i....:... .i. ..i.~ 

1 /~ 
-*-/ ,t,.... 300' 40. 00 l04. 94 138 73 131 8" J. 110 1' ..... .vL.. 

1;'4 150' 16. 98 • ...., "1 
.... . ,G I 25 155 68 130. 97 107 93 
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":able A-l3 

Sigrna (Y) for Opening lOO' b~l S' J l000 1 Sands-cor1e 0~1erbt,;.~den 

Height Abo•;e Sigma ( y) as a Percentage of the 
Seam 0\7 erburder:. Presst.:.re a:: set i\~ >.::"-;:p····-oc: .._,..J.,_,_.._...,1.<._.,_,,_, 

from Cer:te~::.ine l~ '°!"' vJ.. r~1:. ne c1;:1e r~i ::lg 

H/W feet 25 ' 50' 7 -5 I 100' 150' 
-----------------------------------------------------

9 "'! / '/ ..i,/ ·"- 950' ** ** 99.53 99. 54 99.55 99.57 
9 900' ** ** 99.40 99 a.') . _ ... 99.45 99.50 
8 , I" "-1 <.. 850' ** ** 99.20 99.27 99.35 99. 50 
8 800' ** ** 99.00 99 12 99.25 99 so 
7 l/2 750 1 ** ** 98.84 98.94 99 .04 99.25 
7 700' ** ** 98. 67 98. 76 98.84 99. 00 
6 "'I / ...... 

.l_/ L. 650' ** ** 98.46 98.57 98. 67 98.88 
6 600' ** ** 98.25 98.38 98.50 98. 75 

1/2 550' ** ** 98~ 1 - 98.36 98.58 98. 97 ~ .... o 
5 5C)C 1 ** ** 97 70 97.90 98.06 98. 56 
4 l;/2 450 1 96.99 97. 16 97.32 97.54 98. 19 
4 400' 96. 60 96.80 Cl'""' f'\1 .. I . V,.. 

q~ 

- I .42 98.29 
"'l 1,./2 350' 95.86 96r21 96.55 97 12 98.27 ...; 

3 300' 94.88 95.41 95.94 96.76 98.36 
2 1/2 250' 93 .43 94.29 95. 15 96.38 98.63 
.:. 200' 91. 05 92 . 63 94.20 96. 16 99.92 

' 150' 86.84 90. 16 93 .48 96.60 101 11 i 

100' 79. 30 86.95 94. 63 99~ 11 104.06 
3/4 7~ f 74. 49 85.24 96.00 (' 1 14 105.89 ' :i v ..I..~ 

1/2 .... ""'f 65. 35 84. 11 , n"' .87 05 .70 l07.04 .':) l,,.) .. v..c.. 
1/4 25 ' 56 ").., 82.98 109. 74 10.26 l08. 20 • k .L 
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'l' able !'. - 14 

Sigma (Y) for Opening 200' by 5'. 1000' Sandstone Overburden 

Height ,!\bove Sigma ( y) as a Percentage of ~he 
Seam ~'-~e~bt..:rder.. P'!:"essuy·e ~ .. set ::i:star:ces c.~ 

:!'"cm :er ... ~erline - ,C L"1lne Open~ng v~ 

H/W feet 50' 100' ........ n. ! 
.:.;:;iv 200' 300 1 

-----------------------------------------------------
4 ., i,,...,, 

J.. / L.. 900' 97 .60 97 .85 98. 10 98.55 99.45 

4 800' 96.00 96.50 97.00 97 .75 99 25 

' 1/2 700' 94. 67 95. 34 96.00 97.00 99.00 

3 600' 93 .25 94. ' '"' J.£ ac:, -' ~ .oc 97.50 qq ., ... 
... J "-::::i 

- l;/2 500' 91.35 _....._ -""' 94.23 96.24 co "'C 7:4. :J...> ,, J . tl.; 

2 400' 88.00 90. 19 93 .22 96.37 lOL 19 

1 1/2 300' 83 .02 87.50 93 .00 97.98 103 .72 
, 200' 73 .75 84.52 q,.. 65 l ,.... '"' 13 107. 34 ... ~ :::i. ~U.5 

3/4 150' 66. 18 84.26 100. 18 108. 04 :!.08.99 

J. 100' ,.. c; 
:J-' 78 87.04 108.93 114.38 109.98 

1/4 50' a.'"' .01 9=:: <·'"' _, ..... -.. l 7 119. 43 110. 26 ~ .5 - • ..JU .l ..lL 
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Table -15 

S1gma IYl for Opening 300' by 1000' Sandstone Overburden 

Height Above 
Seam 

H/W feet 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

75' 150' 225' 300' 450' 
-----------------------------------------------------

3 900' 95. 19 96. 05 97.40 98. 78 1 n ~ ... v .... 00 
~ ! /,,..., 750' 91 .08 92.84 95.28 97.84 -: r,,., 34 / •I L. ... ....,_. 

L. 600' 86.69 89.50 93.81 97 .88 104.00 

1 1/2 450' 80.27 90.21 9? ~. 50 98.94 105. 65 

l 300' 69.44 84.00 98. 16 106.47 110.09 

3/4 225' 61.03 84. 46 104.26 111.94 111.42 

1 /'"; l50' 48.38 89.40 ~ ...., .- 14 118.50 lll~ 74 I"- .i..i.b. 

1/4 75' 28.32 ~ !""i '? 
..L.V""" 60 132 .97 123 . 24 111.35 
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Table ~A.-15 

Sigma (Y) for Opening 400' by 5', 1000' Sandstone Overburden 

Height Above 
Seam 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

H/W feet 100' 200' 300' 400' 600' 

800' 88.25 91.75 96.50 101.00 105.50 

l 600' 79.62 87.00 95.88 103 12 109.25 

400' 67.24 84.34 100.83 110.28 112.74 

3/4 300' 58.41 85.62 107.60 116.05 113.57 

1/2 200' 46.02 91.64 119.82 122 30 113.22 

l/4 lOO' 25.59 108.84 137~65 125~56 111.79 
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Tab e A-2.7 

Sigma (Y) for Opening 500' by 1000' Sandstone Overburden 

Height Above 
Seam 

H/W feet 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

250' 375' 500' 750' 
---------------------~-------------------------------- . /~ 750' 80 8l 89 66 99 60 106 58 110. 50 J. li L. 

l 500 1 65 .28 85 75 104. 92 114. '"' ' ""l ... -r- 27 "'~ 
' ~ -, - ..... -' 

3/4 375 . 55 68 o-i 20 112 . ,- 120. 28 115 88 ~! 10 

l/2 250' d'"' ~L. 44 94 28 125 68 126 17 114. 88 

1/4 125 ' 20 00 113 14 144. 00 128. 00 1 1 ') 69 ~ .... .,. 



Table ~~~-18 

Sigma (Y) for Opening 600' by 5', lOOC' Sandstone Overburden 

Height Above 
Seam 

H/W feet 

" 1 ~....., 900' ~/ .i.. 

l 600' 

3/4 450' 

1/2 300' 

1/4 150' 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

150' 300' 450' 500' 900' 

86 . .., r. , v 94. 70 :03.00 :07e00 :os.oo 
65.25 88.38 109.25 110 ')C::, ..... .... u ~ -6.;.- 118.38 

55.99 89.81 115.62 123 .74 118~98 

40.92 97.39 130.36 130. 12 118.23 

18.78 118.56 148.46 130. 31 114.88 
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Table A- 1 C 

Sigma (Y) for Opening 100' by 5', 500' Shale Overburden 

Height Above Sigma ( y) as a Percentage of the 
Seam o~;"e!."'b~rden P'-essu!"e at set. Distances 

:::-om Cent:e~line c: :·1.:.ne :)per:ing 

H/W feet ,-. - t ..;;:;;;; 50' 75' lOO' 150' 
-----------------------------------------------------

4 l/2 450' 98. 18 Q" ~0. 40 98. 64 98.92 99. 61 

4 400' QI ,.., ( . 38 97. 69 98.02 98.58 99. 54 

3 1 / "J 
-4.1 ,.;_ 350' 96. 38 96.83 97.28 98.03 99. a.a .v 

3 '1.r"ifl' ,-,~ 10 95.77 96. 44 97.43 99.46 ._., vU ~ ::;, ~ 

L. 1/2 25C' a~ 
~ ...) 59 94. 66 95~72 q-

- I • 
1 ~ 
- t> 99.77 

L. 200' 91.42 93 .20 94.98 97. 14 100.67 

i , 1~ 

~1 k. 150' 87. 66 91.09 94. ~,.., 

:;;;; L. 97. 79 102. .., ,.., 
.:11;. 

"\ 100' 80.72 88. 50 96.27 100.52 104.99 .L 

3/4 75' 76. 13 87.07 98.01 102 . 62 106 . ~~ "'"' _," 

1/2 so· 67 .90 86. 66 105.42 107.DS ""! "'"""""' J.. Li / 30 

1/4 25' t:. ,y _, ~ . 67 86.24 :12 .82 11l.48 '"'O n~ J..v ........ ...,,,,L.. 
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Tabl Jl .. -20 

Sigma ( y) for Opening 200' by 500' Shale Overburden 

He::.ght. Above 
Seam 

H/W feet 

2 400' 

l i /.?'\ }../,;;. 300' 

1 200' 

... ''d .:i I . 150' 

1/2 100' 

l/4 SO' 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

50' 100' 150' 200' 300' 

88 36 92 04 96 c- ..-., 101 00 105 - ""\ - OC'i :)v 

....,.,,...... ,so 87 22 95 96 103 10 1na 14 l ':} .v~ 

68 50 84 43 ' ("\ ("\ 1 ~ 109 52 ., ~ ,,..., 32 ~ ) _, 
.;.VV ... J. 

__ ... 

58 . 39 85 88 108. 20 116 . 64 113 86 

47 79 01 
"'"" 13 119 89 "'! 'i (""! .. L.s:. .. U. 91 112 33 

26 20 108 16 138 23 125 78 ~ ., ; 
.... .l. ..... "'a .:i ., 
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Tab e A-21 

Sigma (Y) for Opening 300' by 5', 500' Shale Overburden 

Heiqht t'\bove 
Seam 

3/W feet 

Sigma (Y) as a Percer.tage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

75' 225' 300' 450' 
-----------------------------------------------------

450' 85 96 94. 48 102 74 ~ !"'!'"'.' ..:;.v / 34 108 60 

300' 65 46 88. 55 109 14 118 12 118. 60 

3/4 225 f 54 86 89 '1 "' 116. 67 124. 13 120 15 ..; L. 

J'"- 150' 38 .26 97 78 133 l 7 130 56 119 34 J. /.:. 

l/4 75 ' 18 53 ll8. 82 148 72 130. 03 1 ., t:. 34 _..,;,.._ 
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~ab e A-22 

Sigma (Y) for Open.;.ng 400' by 5', 500' Shale Overburden 

Height Abo•.re 
Seam 

H/W feet 
, 400' -
-:: .!LJ. ..; I • 300' 

. ''"' J../ L. 200' 

1/4 100' 

Sigma ( Y) as a Percem:age of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

100' 200' 300' 400' 600' 

76.24 98.58 '.;.14.44 :16~ 
.... ~ 105.38 j..:::.. 

60.84 99.34 124. 63 - ") ~ .L:..b . lS 107.85 

45.86 106.90 137.99 132.09 1 (iQ .... uv. :7 
24.83 127.50 153.54 131.92 106. 76 



Sigma (Y) for Opening 500' by 500' Shale Overburden 

Height Above 
Seam 

H/W feet 

3/4 375' 

l}/2 '') c;: r, ' .,._....JU 

l;/4 125 ' 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

250' 375' 500' 750' 

66.62 107.87 129.01 122 .08 100.22 
~.., 

'.) I 88 116.84 147~83 131~42 100. 44 

18 .. 20 ,~-....... ~. 86 164.03 131. 10 99.64 
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Sigma (Y) for Opening 600' by 5', 500' Shale Overburden 

Height Above 
Seam 

H/W feet 

3//4 450' 

. 300' .!.. 

1/4 l50' 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

150' 300' 600' 900' 

79. 12 110.48 1 ..., • _;;...;. 66 , 1 .., 
...l-.l. . '"' J.. L. 96. 66 

48 . 82 126.06 150.67 124.36 ~" ';;1..5 .96 

17 .97 154.02 169.37 "! ?C:. ........ ....; . 57 91. 99 
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:'ab e 

S1g·ma (Y) for Opening :co~ b:; sr ~ 75C' Shale O":Jerbu~den 

Height Abo'.re Sigma ( y) as a Percentage ~ o .... the 
Seam 0""'..1e:-burder~ Pressure at set Di stan.::es 

:~rom ·:eri~er 2...:rlE: .~ - f·'li nt: ..:::::..., ... ,..,,,,._ 
~ ... -· ... -· .. ::: 

H/~·J feet ~- ' 50 ' '7 - I J..00' ""~t""i t ,,~ 

I ::i -~ J. _,v 

-----------------------------------------------------
7 7C1C' ** ** 99 07 99 • .a. .L 4 99 20 99 34 

6 , /,., 
-"'/ ~ 650' ** ** 98 74 98 86 98 96 99 18 

6 600' ** ** 98 42 98. 57 98 72 99 03 

5 l/'2 550' ** ** 98 ,gg 99 05 99 35 99 70 

500 I ** ** 98. 09 98. 32 98. 46 98 92 ~ 

4 "'! I"' 
•I L. 450' 97 07 97 26 97 45 a~ _. I 73 98 44 

4 400' Q""' - { 02 97 20 97 40 Q"" J I 86 98. /b 

3 • I'"> 350' 96. 34 96. 65 96. 96 97 -~ 98 ..,. ~ 1;,:. ::i~ 'J.. 

3 300' 95 47 95 94 96 42 q .... 
- I .22 a~ 

- ti 83 

" 1,12 250' 94. ' ,.... 94. 99 95 80 96. 98 99 14 .:. J..0 

2 200' 92 03 93 54 95 06 96 88 99 92. 

l l;1 2 150' 88 34 91 45 94. 56 97 44 101 48 

1 100' 81 50 q'"' uO. 74 95 99 99 9"" ..::. 
., ('. ,,., 
J..·J'-±. 10 

3/4 75 ' 76 96 Q '7 ...,..., 97 49 ' " , 84 105 69 '-' ,' .. ~~ ~U.L 

2 50 ! 
00 46 86. 60 104. 75 106 30 106 56 

::./4 ;: 5 . S.9 96 q::; 98 , "": ·":l 0' 110 .., :; :C:7 .a.-: ........ ...,, ....:.. ,.;.,...,;... ~ 
,_ 

~ .... 
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Sigma (Y) for Opening 200' by - ! '"' _, I 7 50' Shale Overburden 

He::.ght Above 
Seam 

H/W feet 

-~ : ,/2 700' 

3 600' 

500' 

2 400' 

300' 

200' 

150' 

lOOt 

l/4 so· 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

50' 100' 

96.17 96.90 

94.17 95.38 

92.06 93.52 

88. 34 90.85 

83.42 88.24 

74. 50 85.77 

67.23 85.93 

89.58 

45.35 99.08 

150' 

96.60 

95.48 

94.20 

94. 17 

97.20 

lOl.92 

::.23 72 

·; ('\" ' .-vu 300' 

98.54 100~18 

98.12 100.55 

97.78 lOl.62 

97.64 102.76 

99 .46 105. 15 

104.66 108.38 

109.40 109.70 

115 10 110.26 

119.26 110.12 
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Table A-27 

Sigma (Y) for Opening 300' by 750' Shale Overburden 

Height Above 
Seam 

H/W feet 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Dis~ances 

from Cen~erline of Mine Opening 

75' 150' 450' 
------------------------------------~----------------

2 600' 89.92 92. 35 96.90 100. 46 105~ 10 

" :!./2 450' 8C. 14 86. 76 94.22 100.98 105. :::. ~ _, ~ 

l 300' 69. 54 85.87 101.34 109.70 111. 58 

3/4 "') -. 6i .28 86. 68 107. 64 114.93 112~ 50 .::.-:::> ... 

1/2 :so• 49.02 92. 66 119.69 120. 79 112.24 

l/4 75' 29.42 :o7~42 
., ~ .- ~ ('\ 
~ ..... o . ..:iv 14.09 lll.07 
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Table A-28 

Sigma (Y) for Opening 400' by 5', 750' Shale Overburden 

Height Above 
Seam 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

H/W 

1 1/2 

1 

3/4 

1/2 

1/4 

feet 100' 200' 300' 400' 600' 

600' 83.24 91.74 100.55 106.62 107.84 

400' 67.65 87.78 105.95 114.80 112.34 

300' 58.50 89.42 113.02 120.33 113.05 

200' 46.22 98.90 125.26 125.67 111.96 

100' 26.16 115.87 141.53 127.20 110.53 
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~able 

( y) fer Opening 500' by 750' Shale Overburden 

Height Above 
Seam 

feet 

1 500' 

3/4 ""'..,. .... f 
_;; I :::> 

1/2 250' 

1/4 125' 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

125' 250' 

67 .58 91. 88 

56. 38 93 .2C1 

42 .55 100.95 

19.83 122. 19 

3 -. c::;' I_, 

111.58 

""'! ........ 

.i.J.. ':1. 56 

132.90 

150. 19 

500' 

117 58 

124. 18 

130. 40 

129. 48 

750' 

107.52 

111?30 

113 .80 

108. 70 
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Tab e fl.-30 

Sigma (Y) for Opening 600' by - ' '.) I 750' Shale Overburden 

Height Above 
Seam 

H/W feet 

l 600' 

~ ,,. 
~/""± 450' 

, /~ 

.l./ 4. 300' 

1/4 150' 

Sigma (Y) as a Fercen~age of the 
Overburden Pressure at set Distances 

from Cen~erline of Mine Open:ng 

150' 300' 450' 600' 900' 

?2.90 97.20 lJ.4.82 116.34 106.32 

5'7.79 95.51 119.34 l20.49 105,05 

4 ~ ~ < - ~ . b .... 106.26 138.53 130.99 109.38 

18.53 130. 07 154.74 129. 87 107.37 



Table A-31 

Sigma ( y) for Opening 100' by ::; ' '"" , 1000' Shale Overburden 

Height Above 
Se arr. 

E/W 

9 1/2 
9 
8 , 
8 

7 
6 :::.12 
6 

5 
4 1/2 
4 
3 l/2 
3 
~ :,/2 

3,/4 

1 / ll _, . 

feet 

950' 
900' 
85.0' 
800' 
750' 
700' 
550' 
600' 
550' 
500' 
450' 
400' 
350 1 

300' 
250' 
200' 
150' 
100' 

50' 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set ~i2~ances 

from Ce~ter~ine :: ~:ne Opening 

** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
97.52 
97.22 
96.62 
95.78 
94.51 
92 44 
88.84 
82.00 
77.45 
68.82 
60.20 

99.79 
99.36 
99.36 
99. 36 
99.20 
99.03 
98.84 
98.66 
98.64 
98.16 
97.67 
97.41 
96.90 
96.24 
95.26 
93.82 
91.76 
89.00 
,97. 45 
86.82 
86.18 

...., - , 
i :;:i 

99.79 
99.36 
99.36 
99.36 
99.23 
99.10 
93.94 
98.77 
98.79 
98.32 
97.82 
97.60 
97.18 
96.68 
96.02 
95.20 
94.68 
96.0l 
97.45 

104. BJ.. 
112 17 

100' 

99.79 
99.36 
99.36 
99. 36 
99.27 
99 18 
99.03 
98.88 
98.94 
98.44 
98.02 
97.98 
97.70 
97.40 
97.07 
96.89 
97.37 
99.65 
01.44 
06.10 
10.77 

150' 

99.79 
99.36 
99. 36 
99 36 
99. 34 
99.33 
99.22 
99.:_ 
99.25 
98.84 
98.57 
98.73 
98.71 
98.75 
99.00 
99.70 
01.19 
03 56 
04.94 
06.22 
07.50 



:-able 1-~ - 3 2 

Sigma (Y) for Opening 200' by 5', 1000' Shale Overburde~ 

Height: Above S1gma ( y) as a Percentage () r. "'\:he 
Seam CJt.t~?~bv.rden :~ess:.ire at set Di st.a:-:ce2 

from :en'r.er:i::.e ,,.... .::. I·:::. !"le CJp€:1:.::g ·._ ...... 

H/W feet so 1 lCO' 150' 200 1 300' 
-----------------------------------------------------

4 1112 900' C'"7 -·. . 27 97 . 72 98. 18 98. 64 99.54 

4 800' 95. 80 97.26 97. 72 98.40 99. 78 

3 1 I') 700' 95.44 96.05 96.66 97. 57 99. 39 ~l """ 

3 600' 93 62 9.;,53 QC:: 
J _, 44 -- {"' ,..,, ... 

~0~0.1 99.32 

r, 1 500' 92. 10 93 .22 94.84 96.69 100.04 """ ""' 
2 .::100 1 89.03 91. 06 93 .88 96.82 . O" ~3 1. J... ~ L 

' 1,/2 300' 84.37 88.57 93 74 98.42 103 55 .k 

l 200' 75. 62 85.97 96.48 103 . 38 107. 10 

3/4 l50' 68. 33 85.91 100. 8 ') 
~ ... 107.86 :i.08.67 

100' 58.24 89.24 109. 51 113. 58 109.37 

1/4 so 1 45 78 98.32 122 58 118. 18 109 12 



Sigma (Y) for Opening 300' by 5', 1000' Shale Overburden 

Height Above Sigma ( y) as a Percentage of the 
Seam Overburden Pressure at set Distances 

from Centerline ,.-.,+ 
'-'~ Mine Open1ng 

H/W feet 75' 150' 225' 300' 450' 
------------------------------------------~----------

; 900' 95.68 96. 36 97. 72 99.09 100.91 ..., 

2 1 _I') 
-/ 4 750' 91.75 93.46 95.86 98.32 102~51 

2 600' 87.47 90.21 94.30 98. 18 103 .87 

1,/2 ,-"! .-1"'' 01 16 86. 72 93 07 99. 17 104.84 ... '-%::; v ....,1.,.. .. 

l 300' 71.02 85. 10 97.74 106.48 109.71 

3/4 '? '") ~. 
.L..L. ~ 62.94 85.82 104.82 111.88 111. 03 

lSC' 50.54 91 .07 116.74 118. 17 .,. ., "'! 

l. ..l. ...:.. .. 50 

1/4 75' 30. ~a. ::i 4 105.32 133 .00 , '") .., 
...L ..... ..;.. ~ 16 109.85 
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~able A-34 

Sigma (Y) for Opening 400' by 5', 1000' Shale Overburden 

Height Above 
Seam 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

H/W 

2 

1 1/2 

1 

3/4 

1/2 

1/4 

feet 100' 200' 300' 400' 600' 

800' 89.04 92.70 97.26 101.37 105.71 

600' 80.41 87.70 96.24 103.19 108.88 

400' 68.47 85.27 101.17 110.24 112.27 

300' 59.96 86.70 107.96 115.79 113.03 

200' 47.90 93.26 120.16 121.90 112.85 

100' 27.48 111.74 137.10 124.31 111.15 
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7able i\-35 

Sigma (Y) for Opening 500' by c: ' 
~ ' lOGO' Shale Overburden 

Height Above 
Seam 

H/W feet 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

2.25' 250' 375' 500' 750' 
-----------------------------------------------------

.J. 1/2 750' ts l ,.. '7 . ;:, ( 90.30 99.88 106. 53 110.20 

.;. 500' 66.41 86 . 54 105. , 1 .... ~ 114.05 114.80 

3/4 375' 57.01 88.22 ll2.42 120.00 115.38 

-r / ""'f .:a.; Lo 250' 44. 10 95. 71 125.90 125.56 114.30 

l/4 125' ...., , 
L. • • 66 115 . 72 142 .69 127.59 111.97 
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Table A-36 

Sigma (Y) for Opening 600' by 5', 1000' Shale Overburden 

Height Above 
Seam 

Sigma (Y) as a Percentage of the 
Overburden Pressure at set Distances 

from Centerline of Mine Opening 

H/W 

1 1/2 

1 

3/4 

1/2 

1/4 

feet 150' 300' 450' 600' 900' 

900' 87.06 94.80 103.01 106.88 108.02 

600' 66.08 89.08 109.37 118.02 117.91 

450' 57.08 90.70 115.75 123.37 118.26 

300' 42.40 98.71 130.42 129.46 117.52 

150' 20.22 121.32 147.62 129.50 114.47 



A?PENDIX B 

~ALUES FOR SIGMA (X) FOR VARIOUS :C·E?THS 
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Table B-1 

Sigma (X) for Opening 100' by 5', 500' Sandstone Overburden 

Height Above 
Seam 

H/W feet 

Sigma (X) in Pounds per Square 
Inch at set Distances from the 

~er.terline of Mine Open~ng 

25' 50' 75' 100' 150' 

4 1/2 450' -21.35 -20.65 -19.95 -18.70 -15.95 

4 400' -25.50 -24.90 -24.30 -23.25 -21.00 

3 1/2 350' -31.40 -30.68 -29.95 -28.78 -26.40 

3 300' -38.60 -37.50 -36.40 -34.80 -31.80 

2 1/2 250' -47.00 -45.08 -43.15 -40.72 -36.65 

2 200' -56.70 -53.00 -49.30 -45.58 -40.30 

1 1/2 150' -67.85 -60.25 -52.65 -47.45 -42.42 

1 100' -79.25 -61.90 -44.55 -43.75 -46.95 

3/4 75' -84.70 -60.30 -35.90 -40.20 -50.80 

1/2 50' -44.46 -48.50 -52.55 -57.52 -64.42 

1/4 25' -4.21 -36.70 -69.20 -74.85 -78.05 

H/W = Height above seam divided by width of opening 

Negative values are compressive 

Positive values are tensile 
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Table B-2 

Sigma (X) for Opening 200' by 5', 500' Sandstone Ove~burden 

Height Above Sigma ( x) in Pounds per Square 
Seam Inch at set Distances from the 

Centerline of Mine Opening 

H/W feet SO' 100' 150' 200' 300' 
-----------------------------------------------------2 400' -46.20 -39.38 -29.92 -19.78 -2.76 

1 1/2 300' -55.80 -45.75 -34.28 -25.35 -23.45 

1 200' -74.48 -49.95 -30.22 -24.52 -35.92 

3/4 150' -74.22 -35.70 -17.88 -28.20 -53.56 

1/2 100' -73.95 -21.44 -5.54 -31.88 -71.21 

1/4 50' -27.05 +0.75 -28.95 -78.35 -97.90 
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..ce 3-3 

S~gma (X) for Opening 300' by 5', 500' Sandstone Overburden 

Re1 ght .A.bove 
Seam 

R/W feet 

Sigma (X) in Pounds per Square 
Inch at set Distances from the 

Centerline of Mine Opening 

75' 150' 300' 450' 
-----------------------------------------------------•. 1,/2 450' -86 95 -53 60 - 12 90 - 'j a. "' -. 18 +66. 02 

' 300 I - .' ! 95 -43 02 - l 7 90 -8 02 -8 ~4 .... 

3/4 225 I -79 60 -38 35 -12 50 1 7 85 -39 65 . -
1/2 150' -78 86 " -- L. I 37 -10 14 -38. 72 -75 :1J 

1/4 75 l -26. 88 +3 .04 -41 81 -99 29 -125 25 
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Sigma (X) for Opening 400' by 500' Sandstone Overburden 

Height Above 
Seam 

H/W 

.;., 400' 

3/4 ]f"I(°',' vv 

l/2 200' 

1/4 100' 

Sigma (X) in Pounds per Square 
Inch at set Distances from ~he 

Centerline of Mine Opening 

100' 200 1 300 1 400' 600' 

-132~25 -78.85 -24.38 --11.74 ... 32 ~42 

-95.92 -46.32 -12.08 -5.26 -13 .40 

-70~9 -10.42 +3.97 -24.75 -55. 50 

-7.85 +17 .30 -32.00 -80. 10 -97.45 



:'able B-5 

Slgma (X) for Opening 500' by 500' Sandstone Overburden 

Height Above 
Seam 

Sigma (X) in Pounds per Square 
Inch at set Distances from the 

Centerline of Mine Opening 

H/W feet 125' 250' 375' 500' 750' 

3/4 375' -157 00 -69 80 +4 25 •36.20 +39 55 

250' -103 50 -16.83 +7 62 -16 80 -36.82 

1/4 125' -15.80 +28.30 -32 60 -92 35 -104.00 
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Table B-6 

Sigma (X) for Opening 600' by 5', 500' Sandstone Overburden 

Height Above 
Seam 

H/W feet 

Sigma (X) in Pounds per Square 
Inch at set Distances from the 

Centerline of Mine Opening 

150' 300' 450' 600' 900' 

3/4 450' -295.00 -81.00 +89.35 +148.50 +123.50 

1/2 300' -131.75 -28.10 +22.28 +14.29 +2.65 

1/4 150' -20.19 +26.82 -43.67 -104.05 -107.92 



Table B-7 

Sigma (X) for Opening 100' by 5', 750' Sandstone Overburden 

Height .l\bcve 
Seam 

H/W 

7 

6 1/2 

6 

5 

4 1/2 

4 

3 1/2 

3 

2 1;1 2 

l 1/2 

l 

3/4 

:;2 
1/4 

feet 

700' 

650' 

600' 

550' 

500' 

450' 

400' 

350' 

300' 

250' 

150' 

100' 

.... - ! 
i :::i 

50' 

Sigma (X) in Pounds per Square 
~nch at set Dis~ances from the 
Senterl~ne of Mine Opening 

50' 75' 100' 150' 

** ** -17.80 -17.30 -16.80 -15.80 

** ** -23.65 -23.20 -22.75 -21~85 

** ** -29.50 -29.10 -28.70 -27.90 

** ** -38.78 -38.30 -3 7 .83 -36.88 

** ** -48.05 -47.50 -46.96 -45.86 

-50.26 -51.20 -50.56 -49.92 -48.65 

-59 10 -58.48 -57.85 -56.90 -54.82 
4 

-67.80 -66.85 -65.90 -64.38 -61.40 

-77.15 -75.52 -r~.90 -71.60 -67.35 

-87.45 -84.58 -81 70 -78.08 -72.02 

-99.45 -93.82 -88.20 -82.58 -74.58 

-113.00 -101.58 -90.15 -82.30 -74.60 

-126.50 -100.65 -74.80 -73~52 -78.08 

-133.00 -96.60 -60.20 -66.55 -82 15 

-71.38 -77.24 -83 10 -90.52 -100.82 

-9 75 -57.88 -106.00 -119 50 

** ** = Percentage undeterminable from model used 
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3-2 

Sigma (X) for Opening 200 1 by 5', 750' Sandstone Overburden 

Height J.;bove 
Seam 

H/W feet 

Sigma (X) in Pounds per Square 
Inch at set Distances from the 

Centerline of Mine Opening 

50' 100' 150' 200' 300' 
--------------------~--------------------------------. 1/2 700' -46.40 -42.75 -39. 10 -33. 10 -2C.65 ~ 

3 600 1 -48.90 -45.90 -42 .90 -38.45 -29.80 

.:. l 500' -60. 41 -57.35 -53 .96 -49.67 -42 14 

2 400' -74~32 -68.90 -61. 68 -54. 70 -45.92 

1 1/2 300' -95.32 -82. 75 -68. 30 -57.22 -50. 58 ,... 

1 200' -117~ 75 -86.30 -59.35 -48.62 -59 .08 

3/4 150! -:22 .88 -74. 65 -44. 10 -43 .78 -71. 15 

1/2 100' -104. 35 -46. 48 -31 .20 -56.08 ,,... " ---:;,,;, .40 

1114 50' Tl. 00 -58. 48 -89. 70 -106. 32 -119. 75 



a•:> e B-9 

Sigma (X) for Opening 300' by 5', 750' Sandstone Overburden 

Height Above 
Seam 

H/W feet 

Sigma (X) in Pounds per Square 
Inch at set Dis~ances from the 
Cen~erline of Mine Opening 

75' 150' 225' 300' 450' 
-----------------------------------------------------.•. 6CO' -75.02 -66 . . '"' -~8.26 -38.80 -15.60 .:. ..LIJ 

l 1;'2 450' -84.63 -71. 15 -55.91 -43 12 -33.22 

l 300' -110.50 -73.52 -43. 10 -34.40 -48.98 

3/4 225' -121.00 -63.00 -26. 10 -30.20 -65.35 

~ /'! 
~ ( " 150' -110.00 -31.28 -7.68 -45.55 -98.52 

1/4 75 ' -56.80 +2 .. 70 -50.40 -105.05 -130.00 



Siama (X) for Opening 400' by 5', 750 1 Sandstone Overburden 

Height Abov·e 
Seam 

Sigma (X) in Pounds per Square 
Inch at set Distances from the 

Centerline of Mine Opening 

H/W feet 100' 200' 300' 400' 600' 

5CO' -106.50 -82 20 -52 2C• -24 55 

400' -105 92 -68.25 -36 98 -35 82 

3/'4 300' -113 95 -53 98 -19 10 -24.62 -63 10 

1/2 200' -105 08 -20.98 -0 96 -43 40 -100.00 

1/4 100' -28 78 +10.70 -51 35 -114.92 -145.25 



Sigma (X) for Opening 500' by 5 1 , 750' Sandstone Overbu:::-den 

Height Above 
Seam 

H/W feet 

Sigma (X) in Pounds per Square 
Inch at set Distances from the 

Centerline of Mine Op2ning 

125' 250' 375' 500' 750' 
-----------------------------------------------------

1 500' "! ,.., r 98 -83 47 -28 71 - ~-. 26 +7 .21 -.:.~b. ~ l 

3/4 375 ' -11 .., 00 -53 25 -14. so -18. 40 -50. 05 I 

1/2 250' -106. 50 -15 60 +4 27 -46. 20 -106. 70 

1/4 125 ' -38 70 +26 55 -47 40 -130 . 00 -166 . so 
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Table B-12 

Sigma (X) for Opening 600' by 5', 750' Sandstone Overburden 

Height Above Sigma ( x} in Pounds per Square 
Seam Inch at set Distances from the 

Centerline of Mine Opening 

H/W feet 150' 300' 450' 600' 900' 
-----------------------------------------------------

1 600' -179.00 -95.10 -8.80 +48.10 +93.30 

3/4 450' -120.09 -62.62 -11. 08 +0.66 -6.58 

1/2 300' -108.40 -15.02 +3.13 -48.92 -104.22 

1/4 150' -25.80 +28.48 -60.65 153.00 -192.75 
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Table B-13 

Sigma (X) for Opening 100' by 5', 1000' Sandstone Overburden 

Height Above 
Seam 

H/W 

9 1/2 
9 
8 1/2 
8 
7 1/2 
7 
6 1/2 
6 
5 1/2 
5 
4 1/2 
4 
3 1/2 
3 
2 1/2 
2 
1 1/2 
1 
3/4 
1/2 
1/4 

feet 

950' 
900' 
850' 
800' 
750' 
700' 
650' 
600' 
550' 
500' 
450' 
400' 
350' 
300' 
250' 
200' 
150' 
100' 
75' 
50' 
25' 

Sigma (X) in Pounds per Square 
Inch at se~ Distances f~om the 
Center~ine of Mine Oper.ing 

25' 

** ** 
** ** 
** ** 
** ** 
** ** 
**.** 
** ** 
**.** 
**.** 
**·** 

-88.16 
-98.25 

-108.00 
-118.00 
-129.50 
-143.00 
-158.50 
-174.50 
-182.00 
-98.75 
-15.50 

50' 

-14.93 
-21. 20 
-27.95 
-34.70 
-42.00 
-49.30 
-57.00 
-64.70 
-73.18 
-81.67 
-89.09 
-97.40 

-106.50 
-115.75 

125.75 
-135.75 
-143.50 
-140.00 
-133.50 
-106.62 
-79.75 

75' 100' 150' 

-14.69 -14.45 -13.97 
-20.98 -20.75 -20.30 
-27.74 -27.52 -27.10 
-34.50 -34.30 -33.90 
-41.78 -41.55 -41.10 
-49.05 -48.80 -48.30 
-56.68 -56.35 -55.70 
-64.30 -63.90 -63.10 
-72.75 -72.30 -71. 34 
-81. 20 -80.70 -79.59 
-88.47 -87.73 -85.86 
-96.55 -95.28 -92.48 

-105.00 -103.15 -99.22 
-113.50 -110.50 -104.75 
-122.00 -117.00 -108.75 
-128.50 -120.75 -110.00 
-128.50 -117.75 -107.50 
-105.50 -103.75 -109.75 
-85.00 -93.50 -114.00 

-114.50 -124.25 -137.50 
-144.00 -155.00 -161.00 
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':'able B-:..: 

Sigma (X) for Opening 2CC' by 5', :ooo· Sandstone Overb~rden 

Height Above 
Seam 

R/W f:eet 

Sigma (X) in Pounds per Square 
Inch at set Distances ~r~m the 
Cen~erline of Mine Opening 

50' 100' 1so· 200' 
-----------------------------------------------------

4 1,/2 900' -38.20 -36. 60 -35.00 -32 .25 -26.05 

4 800' -47. 50 -46. 15 -44.80 -42.45 -37.40 

3 1/2 700' -60.90 -59. 1 ,.. 
... :::i -57.40 -54.75 -49.45 

3 600' -77.30 -7t;.50 -71.70 -67.90 -61. :o 
" 2 500' -94.85 -91. 37 -87.39 -82 .58 -74.84 ... 
., 400' -116.00 -109.00 -99.60 -90.40 -79. 10 

' 300' -142 .00 _,.,- ?C::. -105.95 -91.25 -82. 18 .L ,..._~~--

l 200' -168.50 -126.65 -90.92 -76.58 -89.72 

3 150' .., ~"" - J.. } .j 
,..,-. .:..:::> -109.28 -68.95 -68.25 -103.45 

100' -147. 15 -70~25 -49.88 -82 .52 -129.25 

1/4 50' -5.65 -84. 1.2 -~25.22 -147.00 -163. 50 



~able 3-15 

Sigma ( x) for Opening 300' by 
_, 
::, , 1000' Sandstone Overburden 

Height Above 
Seam 

H/W feet 

Sigma (X) in Pounds per Square 
Inch at set Distances from the 

Centerline of Mine Opening 

150' 225t 300' 450' 
-----------------------------------------------------

') 900' -62.35 -57.40 -48. '7...., -38.60 -l6~ 60 -' 'u 

~ 1/2 750' !""'fl'\ .-"\"') -66.20 -58.48 -50.25 -34.85 L - / '...). ':JL. 

') 600' -92.78 -84.60 -73.20 -63.15 -49.80 ;;. 

l 1/2 450' -123.64 -105.36 -87.05 -71. 92 -64.28 

, 300' -161. 50 -113.08 -72.60 -60.85 -79.45 ... 
3/4 225' -174.00 -98.30 -49.30 -53.75 -97.90 

1/2 150' -159~00 -55. 16 -23.30 -71 .62 -132.00 

1,/4 .-,~I 
; ~ -E37 .00 -8.35 -76.60 -146.50 -176.00 
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Table B-16 

Sigma (X) for Opening 400' by 5', 1000' Sandstone Overburden 

Height Above 
Seam 

H/W feet 

Sigma (X) in Pounds per Square 
Inch at set Distances from the 

Centerline of Mine Opening 

100' 200' 300' 400' 600' 

2 800' -87.45 -74.80 -57.30 -38.60 -7.72 

1 1/2 600' -109.00 -89.30 -67.15 -50.30 -38.80 

1 400' -149.25 -100.90 -62.12 -49.92 -70.90 

3/4 300' -165.50 -87.02 -41.10 -47.60 -98.15 

1/2 200' -155.00 -45.44 -17.28 -69.72 -140.00 

1/4 100' -56.08 -3.10 -80.22 -159.00 -192.50 
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Table B-17 

Sigma (X) for Opening 500' by 5', 1000' Sandstone Overburden 

Height Above 
Seam 

H/W feet 

Sigma (X) in Pounds per Square 
Inch at set Distances from the 

Centerline of Mine Opening 

125' 250' 375' 500' 750 1 

1 1/2 750' -112.88 -85.90 -52.29 -23.25 -0.56 

1 500' -138.59 -94.72 -57.99 -44.97 -56.01 

3/4 375' -161.00 -80.55 -33.70 -43.00 -95.45 

1/2 

1/4 

250 1 -157.5 

125' -74.60 

-39.69 -11.32 -73.38 -150.50 

-3.82 -75.40 -174.50 -215.00 
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Tab e 3- 8 

Si.gma ( x) for Opening 600' by - ' '"' - I 
1000' Sands~one Overburden 

Height Above 
Seam 

H/W feet 

Sigma (X) in ~ounds per Square 
Inch at set Distances from the 

Centerline of Mine Opening 

150' 300' 450' 900' 
-----------------------------------------------------

~. 900' -164.00 -101.65 -:s. ,;; 30 +44.00 '~ ~ .... J..L. ~ .00 

l 600' -142 .00 -84. 10 -34.90 -17.25 -20. 15 

3/4 450' -154.91 -76.60 -31 .30 -38.68 -79 77 

" 300' -155.50 -37. 14 -13 .20 -79.95 -156. 75 .:::; 

1/4 150' -63 10 +11. 88 -90. 15 -199.00 -243.25 
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Table B-19 

Sigma (X) for Opening 100' by 5', 500' Shale Overburden 

Height Above Sigma ( X) in Pounds per Square 
Seam Inch at set Distances from the 

Ce!'lter l..::.ne of Mine Opening 

H/W feet 25' 50' 75' 100' 150' 
-----------------------------------------------------

4 1/2 450' -18.35 -17.68 -17.00 -15.85 -13.30 

4 400' -20.75 -20.18 -19.60 -18.62 -16.52 

3 1/2 350' -24.75 -24.08 -23.40 -22.30 -20.08 

3 300' -28.70 -28.95 -27.90 -26.40 -23.58 

2 1/2 250' -36.40 -34.55 -32.70 -30.40 -26.55 

2 200' -44.15 -40.55 -36.95 -33.38 -28.38 

1 1/2 150' -53.55 -45.98 -38.40 -33.42 -28.72 

1 100' -64.05 -46.00 -27.95 -27.88 -31. 52 

3/4 75' -69.40 -43.65 -17.90 -23.35 -34.50 

1/2 50' -29.77 -32.46 -35.15 -39.60 -45.90 

1/4 25' +9.86 -21.27 -52.40 -55.85 -57.30 
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Table B-20 

Sigma (X) for Opening 200' by S', 500' Shale Overburden 

Height Above Sigma ( X) in Pounds per Square 
Seam Inch at set Distances from the 

Centerline of Mine Opening 

H/W feet SO' 100' 150' 200' 300' 
-----------------------------------------------------

2 400 1 -42.92 -35.88 -26.10 -15.67 +l.62 

1 1/2 300' -48.65 -38.08 -26.08 -16.88 -10.42 

1 200' -63.98 -37.62 -16.95 -11.30 -23.68 

3/4 150' -62.28 -19.30 -1.39 -13.19 -39.84 

1/2 100' -60.57 -0.97 +14.17 -15.08 -56.01 

1/4 50' -12.68 +26.90 -9.00 -60.75 -80.90 
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Table B-"?1 

Sigma ( x) for Opening 300' by c:' ..J , 500' Shale Overburden 

Height Above 
Seam 

feet 

Sigma (X) in Pounds per Square 
I~ch at set Distances from the 

Centerline of Mine Opening 

75' 150' 225' 300' 450' 
------------------------------------------------------, 450' -38.75 -53 58 -10.86 + ' . .88 +:: .22 .;. ... - . 

J. 300' -66.35 -35 18 -8~ 55 +l.35 +O. 36 

3/4 225' - .., ' ·~f"'o, -26. 10 +l4 15 -5.34 -28.85 I .1. ~ ..:..v 

l/2 150 1 -68. 64 -7~ 00 +8.70 -23.28 -62 .01 

' iLl .;. I • 75' -12 . 42 +29.70 -23 32 -84.60 -110.88 



Sigma (X) for Opening 400' by 5', 500' Shale Overburden 

Height Above 
Seam 

H/W feet 
. 400 ' .L. 

3/4 300' 

1/2 200 ' 

1/4 100' 

-

Sigma (X) in Pounds per Square 
Inch at set Distances from the 

Centerline of Mine Opening 

100' 200' 300' 400' 600' 

1 "": ~ 
.J..-._;, 50 -76. 75 - l9 --; 

::i~ • l 7 95 •38 - ,.., 
.:; l) 

-91 55 -37 90 - ... 96 +4. 4~ _:;:, -4. 76 

-61 58 +5. 74 +19 68 - 1 ' 67 -44. 08 .L...;,. 

...-6. 46 +41 so -14. 44 -65 02 -83 18 



Sigma (X) for Opening 500' by 5', 500' Shale Overburden 

Height Above 
Seam 

H/W feet 

'C Ir; 
..J ' -

' 

250 . 
l/4 125 ' 

Sigma (X) in Pounds per Square 
Inch at set Distances from the 

Centerline of Min~ Opening 

125' 375' 500' 750' 

-160. co -b::; ~ r; 
"'"" ' ,., 20 "'"44. 85 +46 95 ';1~ .L....;. 

-85 20 -3 10 +21 35 -5 61 -26 98 

-2 74 +53 00 -16 70 -79 60 ,~, 

-":1.:... 25 
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S:gma (X) for Opening 600' by 5', 500' Shale Overburden 

Height Above 
Searn 

H/W feet 

3/4 450 . 
l/2 300' 

l/4 150' 

Sigma (X) i~ Pounds per Square 
Inch at set Distances from the 

Centerline of Mine Opening 

150' 300 1 450' 600' 900 1 

-310.25 -80. 15 ..-100.os +160.0C +l30. 50 

-130. 50 -17. ,..,,., 
~L.. +34. 72 +24.86 +11. 89 

+l. 48 +50. 72 -29.35 -93.22 gr - 0. 38 



Tab e B-25 

( x) for Oper~ing 100' by ,- l 
;) I 750' Shale Overburden 

Height Above ~1gma (X) in Pounds per Square 
Seam Inch at set Distances from the 

Centerl:.ne of VI' •. _._ne Opening 

H/W feet: 25' 50' -r! 100' 150' ! ::::i 

-----------------------------------------------------
7 700' ** ** -15.00 -14.55 -14.10 -13 .20 

6 1//2 650' ** ** -19.00 -18.58 -18. , i::: 
.I._, -17.30 

6 600 1 ** ** -23.00 -22.60 -22.20 -21.40 

5 550' ** ** -28.52 -28. , . -27.70 -26.90 --
5 500' ** ** -34.03 -33.62 -33.21 -32.39 

4 111 2 450' -39. 10 .I. .. -38.61 -38.02 -37.44 -36.26 

4 400' -44.60 -44.00 -43.40 -42.52 -40.58 

3 1/2 350' -Sl.25 -50.32 -49.40 -47.98 -45.18 

3 300' -58.55 -56.98 -55.40 -53.22 -49.20 

r; ... l./2 250' -66.80 -64.00 -61. 20 -57. 75 -52.00 

,, 200' -76.55 -7l~ 15 -65.75 -60.35 -:;)L. 75 "' 
"'1 ,...., 150; -88.50 - I / . ., ? -65.75 -58.25 -51. 08 - l./..:;... ..L-

, 100' -102.05 -74~95 -47.85 /\ _, ,... r" -52.92 - -71.o::i 

3/4 ;~t '.., -109.00 -70.35 -31. 70 -39.75 -56.20 

1,12 50' -48.45 -52.30 -56. 1 c:: -62.70 -~~ a., 
~ .... I l. -~..:. 

1 /<'l ~r1 . -~ ' -34.25 -80.65 - .Q c:. 65 -37.65 -1 . .C:.:'.) ...... .... ~ 

_ _, . 
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Table B-26 

Sigma (X) for Opening 200' by S', 750' Shale Overburden 

Height Above Sigma ( x) in Pounds per Square 
Seam Inch at set Distances from the 

Centerline of Mine Opening 

H/W feet 50' 100' 150' 200' 300' 
-----------------------------------------------------

3 l/2 700' -44.60 -40.90 -37.20 -31.15 -18.60 

3 600' -43.00 -39.95 -36.90 -32.45 -23.75 

2 1/2 500' -50.51 -47.13 -43.75 -39.26 -31.49 

2 400' -62.02 -55.12 -47.68 -40.50 -31. 52 

l 1/2 300' -78.28 -65.00 -50.00 -38.60 -32.00 

1 200' -97.98 -64.15 -35.90 -25.18 -36.45 

3/4 150' -101. 98 -49.15 -17.28 -17.96 -46.62 

1/2 100' -82.20 -16.27 -16.73 -28.68 -65.88 

1/4 50' +26.00 -32.05 -58.40 -75.90 -91. 70 
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Table B-27 

Sigma (X) for Opening 300' by 5', 750' Shale Overburden 

Height Above Sigma ( x) in Pounds per Square 
Seam Inch at set Distances from the 

Centerline of Mine Opening 

H/W feet 75' 150' 225' 300' 450' 
-----------------------------------------------------

2 600' -70.70 -61.40 -47.15 -33.10 -9.22 

1 1/2 450' -74.48 -60.01 -43.73 -30.34 -20.20 

1 300' -95.05 -55.32 -23.05 -14.36 -30.08 

3/4 225' -103.00 -40.15 -1.20 -6.45 -43.80 

1/2 150' -90.05 -1.42 +21.75 -19.37 -69.95 

1/4 75' -35.80 +40.35 -22.20 -77.50 -104.00 



144 

Table 

Sigma (X) for Opening 400' by :::, , _, , 750' Shale Overburden 

Height Above 
Seam 

H/W feet 

Sigma (X) in ?ounds per Square 
Inch at set Jistances from the 

Centerline of Mine Opening 

100' 200' 300' 400' 600' 
-----------------------------------------------------, ~ ' ...... 600 ' -104. 20 -78 80 -47 20 -18~22 ... 19 00 .L .l..,/4 

.i. 400' -95 28 -54. 45 -21 18 -9 48 -20 O? ,.,,_ 

3/4 300' -99 80 -33 98 -i-2 91 -3 73 -44. 90 
1 .r-, 200 , -86. 35 ... '7 60 +27 18 -19 , - -79 08 J../ L. ' I ... o 

1/4 100 1 -4. 60 +48. 80 -22 55 -89 90 -121 50 
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Table 3-29 

Sigma ( '[I ,. J for Opening 500' by -. 
:;, I 750' Shale Overbu=den 

Height Above 
Seam 

feet 

Sigma (X) in Pounds per Square 
Inch at set Distances from the 

Centerline of M~ne Opening 

125 I 250' 375' 500' 750' 
-----------------------------------------------------

l 500' -123 .48 -75 . 36 -28.82 ,,.. . 34 +20.63 -v 

3,/4 375' -107.0 -36. 75 ... 4. 54 -0.55 -34.85 

1 I "i 
..... / L. 250' -89.85 ~11~21 +30. 65 -24.37 88.70 

1/4 125' -15.80 •65. 70 -20.00 -107.30 -145 .00 
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Table B-30 

Sigma (X) for Opening 600' by 5', 750' Shale Overburden 

Height Above 
Seam 

Sigma (X) in Pounds per Square 
Inch at set Distances from the 

Centerline of Mine Opening 

H/W 

1 

3/4 

1/2 

1/4 

feet 150' 300' 450' 600' 900' 

600' -183.00 -93.00 -1.11 +58.90 +106.00 

450' -130.82 -50.28 +4.909 +16.45 +7.63 

300' -94.35 +9.54 +27.25 -29.70 -88.68 

150' -2.02 +67.05 -34.80 -133.32 -174.25 
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'I'ab le 

S i gm a ( X ) for ioo• by c::' _, ' 1000' Shale Overburaen 

Height Above Sigma { x) in Pounds per Square 
Seam Inch at se<;: Distances ~ T-'hc:o, ... rom .... ).. ... _ 

Centerline or. Mine Opening 

H/W feet 25' 50' 75~ 100' 150' 
-----------------------------------------------------

9 , 1-; 
..0./ L.,, 950' ** ** -12 .43 -12 , '"' l. ':'.' -11.95 - 11 .47 

9 900' ** ** -16.70 -16.50 -16.30 - \ c: 90 -_, 
8 l/2 850' ** ** -21 50 -21 .31 -21. 12 -20.75 
8 800' ** ** -26.30 -26. , ~. .LL -25.95 -25. 60 ..., 1/2 750' ** ** -31. 60 -31 . 40 -31.20 -30.80 ' 
7 700' ** ** -36.90 -36.68 -36.45 -36 ~ oc, 
6 l;/2 550' ** ** -42 ~60 -42 -. "' • .JU -42 .00 -41.40 
6 500' ** ** -48.30 4'"" a-· - I • ~L. -47.55 -46.80 
:; l/2 550' ** ** -54. 62 -54. 19 -53 .75 -52.82 
:::; 500' ** ** -60.95 -60.46 -59. 95 -58.83 
4 l/'2 450' -67.46 -66. 52 -65.89 -65. 18 -63 41 
4 400' -73.55 -72. 72 -71.90 -70.75 -68. 18 
3 1/2 350' -80.95 ""O ...,? - I ..., .. I.._. -78. 50 -76.58 -72 .82 
3 300' -89. 15 -87.08 -85.00 -82.02 -76.60 
2 1./2 250 1 -98.75 -94. 92 -91. 10 -86.45 -78. ..,,.., I~ 

2 200' -110.00 -102 72 -95.45 -88.25 -7.s_os 
l l 150' -124.00 -108.90 -93 .80 -83. 78 -74. 15 

100' -140.00 -104. ' ,.., -68.25 -67.92 -74.88 - J..~ 

3 ·a. I . 75' -148.00 -96.90 -45.80 -56. 50 -78~35 

1;'2 50 1 -66.90 -~~ 1 c -77.40 -86.25 -98.42 } £. .0-....1 

1/4 25' +14.20 -47.40 -109.00 -115.00 -118. 50 
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Sigma ( " ' . . .t-.. } for Opening 200' by :::: ' -' I 1000' Shale Overb~rden 

Height Above 
Seam 

H/W feet 

Sigma (X) in Pounds per Square 
Inch at set Distances from the 

Centerline of Mine Opening 

50' 100' 200' 300' 
-----------------------------------------------------

4 900 1 -34.30 ':! ~. 

- ...J L. 70 -31. 10 -28.30 ? ~. --L. 05 

4 200t -39. 60 -38. 20 -36.80 -34.45 -29~ 35 

3 l/2 700' -49 .00 -47 .25 -45. 50 -42 .75 -37.35 

3 600' -62.. 40 -58. 55 -55. 70 -51 oc.:_ 
• U..; -45 .00 

- 2 500~ -75. 14 -71.37 -67. 15 -62 16 -54.08 

r, 400' -92 52 -85.35 -75.50 -66. 10 -54. 52 L. 

- 1 300' -J..J.;)4 50 -97.82 -77. 70 -62 . 48 -- ..., 4? ~ 
-;)_:; 

; 2oor -139 .25 -94. 68 -57 .02 -42 .52 -56.85 .:. 

3 /4 150' -143 ""\..., 
• L..:.. -73 62 -31. -,.., -31.70 -68. 88 j.. L. 

l/>2 100' -115.88 -28. r-. o.:. -8.62 -44.48 -92 85 

1/4 50' ~28. 40 -48.00 -82.45 -lOS.28 -125. 50 
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B-33 

Sigma (X) for Opening 300' by 5', 1000' Shale Overburden 

Height Above 
Seam 

H/W feet 

Sigma (X) i!l Pounds per Square 
Inch at set Distances from the 

Centerline of Mine Opening 

75' 150' 225' 300' 450' 
-----------------------------------------------------

3 900' -59.90 -54.80 -45 ...,. " -35.25 -12 50 IL 

2 1;/2 750' -62.09 -57 in ... ..., -49.04 -40.55 -24. 60 

2 600' -77.95 -69.40 r~ 

-~/ .55 -47.05 -33 .20 

. 

.l. 
1 ,~ 

.;./ L. 450' -101.93 -84. 10 -65.30 -48. 71 -37.24 

1 300' -137.00 -84. 55 -41. 90 -30.00 -50.20 

3/4 225 ' -148.00 -64.95 - 13 .20 -19. 10 -66.25 

1/2 150' -130.00 -13 . 45 +17 .95 -34. 63 -98.48 

1/4 75' -57.80 +42 -r;; . b..., -37~90 -108.85 -141.00 
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Table B-34 

Sigma (X) for Opening 400' by 5', 1000' Shale Overburden 

Height Above 
Seam 

H/W feet 

Sigma (X) in Pounds per Square 
Inch at set Distances from the 

Centerline of Mine Opening 

100' 200' 300' 400' 600' 

2 800' -82.30 -68.95 -50.50 -30.85 +1.48 

1 1/2 600' -96.15 -74.75 -51.15 -33.45 -21.60 

1 400' -129.00 -77.00 -35.42 -22.85 -45.78 

3/4 300' -142.25 -56.40 -7.70 -15.66 -69.92 

1/2 200' -127.95 -4.93 +22.75 -34.68 -109.25 

1/4 100' -22.62 +48.52 -40.48 -124.35 -159.75 



Table B-35 

S1gma (X) for Opening 500' by 1000' Shale Overburden 

He1ght Above 
Seam 

H/W feet 

750' 

375' 

250' 

1/4 125' 

Sigma (X) in Pounds per Square 
Inch at set Distances from the 

Centerline of Mine Opening 

250' 375' 500' 750' 

-107 75 -78 55 -42 85 +23 95 

-124.27 -75 19 -34898 -.),j 84 

-141 00 -53 10 -3 07 -14.06 -70.65 

-132 00 -0.99 ... 27. 10 -40.82 -122 75 

-42 60 +65 45 -37.30 -143 00 -185 00 
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---=---,-=l_e_ 3 - 3 S 

Sigma (X) for Opening 600' by 1000' Shale Overburden 

Height P..bove 
Seam 

H/W feet 

900' 

~1gma (X) in ?ounds per Square 
Inch at set Distances from the 

Centerline of Mine Opening 

150' 300' 450' 600' 900' 

-170.00 -103 05 +:;..::: lC 

~ 600' -131 00 -68 85 -16 50 +l 93 -1 78 

3/4 450' -83 40 -45 98 -3 67 -12 64 -57 60 

1/2 300' -132 50 -0 57 +22 90 -50.32 -132 25 

1/4 150' -29 98 ~63 98 -53 68 -170 00 -216 00 
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USER'S MANUAL FOR COMPUTER PROGRAMS 
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Appendix C-1 

The Finite Element Program 

l. Definition of Variables 

AK 

AREA 

B 

BODYF 

BT 

c 
CB 

CF 

E 

EL 

FAC 

I BAND 

IE(M,I) 

ISC,JSC 

I STOP 

I,J,K,L 

Assemblage stiffness matrix. 

Area of triangular element. 

Matrix [Bl, for quadrilateral. 

Nodal load contribution from TBODY. 

Matrix [BJ, for triangle. 

Stress-strain matrix, [C]. 

Matrix product [CJ [BJ. 

Common factor in the computation of stress-strain 

matrix, C. 

Modulus of elasticity, E. In STRESS, the strains 

are at the centroid of the element. 

Length of element side where surface traction is 

prescribed. 

Factor for averaging element strains. 

Semi-band width of assemblage equations, 

I BA..'"'JD < MAXBW. 

Element identification array, M is element number, 

I < M < NEL. I = 1,2,3,4 denote corner nodes of 

element, and i = 5 denotes MTYP for the element. 

Nodal numbers of i and j for side on which surface 

traction is prescribed. 

Index used to count data errors. 

Indices of the four nodes of quadrilateral in QUAD. 



KODE(I) 

KKK 

MAXBW 

MAXDOF 

MA.XEL 

MAX.1'1AT 

MAXNP 

MAXSLC 

MDIM 

MTYP 

NBODY 

NDIM 

NEL 

NEQ 

NMAT 

NNP 

NO LINE 
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Indices of the three nodes of triangular element 

in CST. 

Index of displacement and concentrated load 

conditions at node I. 

In BANSOL, index designating function to be used. 

KKK = 1 for triangularization of stiffness. 

KKK = 2 for backward solution using 

triangularized stiffness. 

Maximum semi-band width allowed. 

Maximum degrees of freedom, MAXDOF = ~ X MAXNP. 

Maximum number of elements allowed. 

Maximum number of materials allowed. 

Maximum number of nodes allowed. 

Maximum number of surface traction cards allowed. 

Maximum band width, MDIM = MAXBW. 

Material type number, 1 < MTYP < NMAT. 

Option for body force. NBODY = 0 for no weight. 

NBODY = 1 for weight force in the negative Y 

direction. 

Maximum degrees of freedom, NDIM = MAXDOF. 

Number of elements, NEL < MAXEL. 

Total number of equations, NEQ = 2 X NNP < M.~XDOF. 

Number of different materials, 1 < NMAT < MAXMAT. 

Number of nodal points, NNP < MAXNP. 

In STRESS, index to limit output to fifty lines 

per page. 



NOPT 

NP ROB 

NSLC 

PR 

PXI I PXJ 

PYI I PYJ 

Q 

QI< 

R 

RO 

SIG 

SURTRX 

SUR TRY 

TBODY 

TH 

TITLE 

TK 

TOT ALA 

u 
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Option for plane strain/stress. NOPT = 1 for plane 

strain, NOPT = 2 for plane stress. 

Problem number. 

Number of surface traction cards, NSLC < MAXSLC. 

Poison's Ratio. 

Nodal contributions of surf ace tractions in the X 

direction. 

Nodal contributions of surf ace tractions in the Y 

direction. 

Load vector of quadrilateral element. In STRESS, 

the element displacement vector. 

Stiffness matrix of the quadrilateral element. 

Assemblage load vector. Also computed displacements 

for the assemblage in MAIN, BANSOL and STRESS. 

Weight density of the material. 

Array for stresses. 

X and Y components of prescribed distributed 

tractions. 

Total weight of triangular element. 

Thickness, h. 

Array for title of the problem (72 alphanumeric 

characters) . 

Stiffness matrix of the triangular element. 

Total area of quadrilateral element. 

Prescribed displacement in the X or Y direction in 

GEOMBC. 



ULX(I) 

VLY(I) 
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Concentrated load or displacement in the X and Y 

directions at node I. 

X(I),Y(I) X and Y coordinates of node I. 

XQ,YQ Coordinates of the nodes of a quadrilateral or 

triangular element. (XQ(S) and YQ(S) are 

coordinates of the centroid.) 
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The input data are called for exclusively in the 

SUBROUTINE DATA IN. This information is divided into the 

title card, the basic parameters, material properties, nodal 

point data, surface traction cards and an exit card. 

FOfu'V!AT (I5,1X,18A4) - 1 card per problem 

Col. _Symbol Definition 

1-5 NP ROB Problem number 

6 Blank 

7-78 TITLE Title of Problem 

b) _B_a_s_i_c oarameters: 

FORMAT (6I5) - 1 card per problem 

Col. Symbol_ Definition 

1-5 NNP Number of nodal points 

6-10 NEL Number of elements 

11-15 NMAT Number of different materials 

16-20 NSLC Number of surface traction cards 

21-25 NOPT Option for plane strain/stress 

= 1 for plane strain 

= 2 for plane stress 

26-30 NBODY Option for body force 

= 0, no weight force 

= 1, weight force in negative Y direction 

FORMAT (4E10.3) - NMAT cards per problem 



Col. 

1-10 

11-20 

21-30 

31-40 

Col. 

1-5 

6-10 

11-20 

21-30 

31-40 

41-50 

Col. 

1-5 

Symbol 

E 

PR 

RO 

TH 
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Definition 

Modulus of Elasticity 

Poisson's Ratio 

Weight density of the material 

Thickness 

d) Nodal point data: 

FORMAT (2I5,4Fl0.l) 

Symbol 

M 

KODE 

x 
y 

ULX 

VLY 

Definition 

Nodal point number 

Option for free or fixed nodes: 

= 0, for fully free nodes 

= 1, for nodes fixed in the X-direction 

= 2, for nodes fixed in the Y-direction 

= 3, for fully fixed nodes 

X-coordinate of node 

Y-coordinate of node 

Prescribed load/displacement in the X 

direction 

Prescribed load/displacement in the Y 

direction 

e) Element data: 

FORMAT (6I5) 

Symbol 

M 

Definition 

Element number 
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Col. §_ymb9l Definition 

6-10 IE(M,l) 

11-15 IE(M,2) Corner node numbers for the 

16-20 IE(M,3) number M element 

21-25 IE(M,4) 

26-30 IE(M,S) Material type 

f) Surface traction: 

FORMAT (2I5,4E10.3) 

Col. Definition 

1-5 ISC(I) Number i nodal point 

6-10 JSC(J) Number J nodal point 

11-20 SURTRX(I) Surface traction in the X-direction 

of the i node 

21-30 SURTR.X{ J) Surface traction in the X-di rection 

of the j node 

31-40 SURTRY(I) Surface traction in the Y-direction 

of the i node 

41-50 SURTRY(J) Surface traction in the Y-direction 

of the j node 

g) Exi~ _c_a_r_d: 

FORMAT (Il) 

Col. Svmbol Definition 

1 N Termination option 

= 0, for termination of program operation 

= 1,2,3, $ • • 1 for execution of next problem 
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2.1 Note on Inout Data 
~- ·------- ·--

1. Units must be consistent. 

2. Usually one card is needed for each node. However, 

some nodes fall on a straight line and spaced at an equal 

distance, data for only the first and last nodes of this 

group are necessary. The intermediate nodal point data are 

generated by linear interpolation. This applies only to the 

nodal point coordinates. 

3. Usually one card is needed for each element. However, 

if some of the elements are lined up so that their corner 

node indices each increase by one when compared to the 

previous element, only the data for the first and last 

elements of the set are necessary. 
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FINIT[ ELEMENT PROGRAM MAIN 
INTRODUCTION TO THE FINITE ELEMENT MElHOD - DESAI-ABEL MAIN 
EXAMPLE CODE (PROGRAM) FOR PLANE STRAIN/STRESS MAIN 
LOGICAL OUT MAIN 
DIMENSION TITLE( 18) MAIN 
COMMON NNP,NEL.NMAT,NSLC,NOPT,N80DY,HTYP,E(6),PR(6),R0(6),Tlf(6), IEMAIN 

1(800,5),X(800),Y(800),ULX(800),VLY(800),KODE(800), ISC(80),JSC(80),MAIN 
2SURTRX(80,2),SURTRY(80,2) MAIN 

COMMON /ON(/ OK( 10, 10). 0( I 0), B( 3, 10). G( 3. 3 l. BT ( 3. 6), XQ( 51. YQ( 5 I MA IN 
COMMON /TWO/ IBANO,NEQ,R( 1600),AK( 1600, 144) MAIN 
DATA MAXEL, MAXNP, MAXMAT, MAXBW, MAXSLC/800, 800, 6, 11111, 80/ MA IN MAIN 
PROBLEM I OEN TI f I CAT I ON ANO DESCRIPTION 

READ 7, NPROB,(TITLE(l).1=1,18) 
If (NPROB.LE.0) GO TO 5 
PRINT 8, NPROB,(TITLE(l),1=1,18) 
CALL OATAIN (MAXEL,MAXNP,MAXMAT,MAXSLC, ISTOP) 
MAXOOF=2*MAXNP 

MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 

COMPUTE 
MAXOIF=O 

MAX. NODAL 0 I Ff ER ENCE ANO SEMI -BA NOW I 0 Tit, EQ. ( 6- 1 ) MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
HAIN 

00 2 1=1,NEL 
00 2 J= 1. 4 
00 2 K=l, 4 
LL= I ABS( IE ( I , J ) - IE ( I , K) ) 
If (LL.GT.MAXOlf) MAXOIF=LL 
CONTINUE 
IBAN0=2*(HAX0ff+1) 
NEQ=2*NNP 
If ( IBANO.GT.MAXBW) GO TO 4 
If (I STOP.GT.OJ GO TO 5 
CALL ASEHBL (ISTOP) 
If ( ISTOP.GT.0) GO TO 5 

TRIANGULARIZE STIFFNESS MATRIX, EQ. (2-2), KKK=l 
CALL BANSOL (l,AK,R,N[Q, IBANO,MAXOOF,MAXBW) 

SOLVE fOR DISPLACEMENTS CORRESP. TO LOAD VECTOR 
CALL BANSOL (2,AK,R,NEQ, IBANO,MAXOOF,MAXBW) 
OXPL=0.0 
IF (OXPL.EQ.0.0) GO TO 3 

R, [Q,(2-3), KKK=2MAIN 
MAIN 
MAIN 
MAIN 
MAIN PRINT 9, (l,R(2*1-1).R(2*1).1=1,NNP) 

WRITE (6,6) (X( I ).Y( I ).R(2*1-1),R(2*1),I,1=1,NNP) MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 
MAIN 

CALL STRESS 
GO TO 1 
PRINT 10, IBANO,HAXBW 
GO TO 1 
STOP 

10 
20 
30 
lj() 
')0 
60 
70 
80 
9() 

100 
110 
120 
130 
lliO 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
ll70 
480 
ll90 
500 

FORHA T ( 2F10. 3, 2E15. 7, I 10) 
FORMAT ( 15, IX, 18A4) 

MAIN 510 
MAIN no 
MAIN 530 
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H f Of<MAT (/ 8H ll'ROBL(M, I 'j, Jfl. . • I 8All/) MA IN 5110 
') fOHMAT (37tt10UTl'Uf TABLE 1.. NODAL OIS!'LAC(MlNIS//lJX.llftN00(,9X,IJMAIN '.150 

1HU X-OISP. ,9X, 1111V" Y-DISl'./(5X. 112,2[20.8)) MAIN 560 
10 HJHMAT (///l2H OANOWIOTfi "• 111.2511 f.XCHDS Mf•X. Al LOWABLE =, lll//]OHMAIN ')70 

1 GO ON TO NEXT PROBLEM ) MA IN '.)8fl 
fNO MAIN 590 
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FINITE ELEMENT PROGRAM - SUBROUTINE DATAIN DATA 
SUUROUTINE DATAIN (MAXEL,MAXNP,MAXMAT,MAXSLC, ISTOP) DATA 
COMMON NNP,NEL,NMAT,NSLC,NOPT,NBODY,MTYP,E(6),PR(6),R0(6), Tlf(6), IEDATA 

1(800,5),X(800),Y(800),ULX(800),VLY(80D),KODE(800), ISC(80),JSC(80),DATA 
2SURTRX(8D,2),SURTRY(8D,2) DATA 

ISTOP=O 
RfAO ?2, NNP,NEL,NMAT,NSLC,NOPT,NBODY 

PRINT 23, NNP,NEL,NMAT,NSLC,NOPT,NBODY 

Cllt:CKS fO BE SURE 
II (NNP.LE.MAXNP) 
I STOP= I STOP+l 
PRINT 211, MAXNP 

INPUT DATA DOES NOT EXCEED STORAGE CAPACITY 
GO TO 1 

If (NEL.LE.MAX[L) GO TO 2 
ISIOP,,.ISTOP+1 
PRINT 25, MAXEL 
If (NMAT.LE.MAXMAT) GO TO 3 
ISTOP=ISTOP+l 
PRINT 26, MAXMAT 
If (NSLC.LE.MAXSLC) GO TO 4 
I STOP= I STOP+l 
PRINT 27, MAXSLC 
IF ( ISTOP.EQ.0) GO TO 5 
PR I NT 28, I STOP 
STOP 

READ 29, (E( I). PR( I ).RO( I). TH( I), 1=1,NMAT) 
PRINT 30 
PRINT 31, ( l,E( I ),PR( I ),RO( I ),TH( I), 1=1,NMAT) 

READ ANO PRINT NODAL DATA (REF. 1) 
PRINT 32 
N= 1 
READ 33, M,KODE(M),X(M),Y(M),ULX(M),VLY(M) 
I F ( M-N) 7, 10, 8 
PRINT 34, M 
PRINT 35, M,KODE(M),X(M),Y(M),ULX(M),VLY(M) 
ISTOP=ISTOP+l 
GO TO 6 
Df=M+1-N 
RX=(X(M)-X(N-1))/0F 
RY=(Y{M)-Y(N-1))/DF 
KOOE(N)=KODE(N-1) 
X(N)=X(N-l)+RX 
Y(N)=Y(N-l)+RY 
ULX(N)=O.O 
VLY(NJ=O.O 
PRINT 35, N,KODE(N),X(N),Y(N),ULX(N),VLY(N) 

DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

10 
20 
30 
110 
50 
6(1 
10 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
2110 
250 
260 
270 
280 
290 
300 
310 
320 
330 
34D 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 

N=N+l 
IF (M-N) II, 10,9 
IF (N.LE.NNP) GO TO 6 

OATA 510 
DATA 520 
DATA 530 
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H[AO ANO PRINT [l[M[Nf PROP(Rfl(S, 
PRINT 36 
L~O 

REAO 33, M,( l[(M, 1). l"l,'.il 
L .. L +I 
IF (M-L) 14.16, 15 
PH INT 3 7, M 
PHINf 39, M.(IE(M,1).1"'1,5) 
l sror·" I STOP+ l 
co ro 12 
I(( L. 1 ):: I[( L-l, l )+l 
!r(t,;:>)=1[(1-l.2)'"1 
if(L.J)o::i[(L-1,3)+1 
I t: ( L , t1 ) " I E { L - 1 , 11 ) + 1 
I (( l. '.) J =I [( l.- l, '.)) 
Pl(!Nf 39, L,{l[{L,l),l'c\,'..)) 
I f { M- L ) 1 7, 1 l. I 3 
If (N[L-L) 18,18,12 
CONT I f'ltJ( 

TABLE 6-11 DATA ')IHI 
DATA '.150 
OAT A c,c,o 
[)A !ii 5 70 
DATA '180 
IJA TA ') ')tl 
DAfA 600 
OAT A 6 1() 
DATA 620 
DATA 630 
DATA ()!;fl 
OAlA 650 
DI< l A 660 
DAIA 670 
DATA 680 
DATA 690 
DA TA 70U 
DAT A 7 1!J 
DATA 720 
DATA 730 

HEAD ANO PHIN[ Sl/RfAC[ UlM)ING( fRACflON) CAHDS OAfA 7110 
IF (NSLG.(Q.ol GO ro 20 DATA 750 
PR!Nl 40 DATA 760 
00 19 L=l,NSLC DATA 770 
R[AO 111. I SC( l) ,JSC( L), SURTRX( L, 1), SURTRX( t, 2), SUR TRY( L, I), SUR THY( OAlA 780 

ll,2) DATA 790 
PH IN! t;2, I SC( l) ,JSC( L), SURTHX( L, l), SUfHRX( L, 2). SUR THY( l. 1), SURTHYDATA 800 

l(L,2) DATA 810 
If ( ISTOP.EQ.Ul GO TO 21 DAL\ 820 
PRINT 43. ISTOP OAlA 8Hl 

fl( HJRN 

DATA {ltHJ 
DATA 850 
[)AJA 860 

FORMAT (615) DATA 870 
FORMAT (35HOINPUT TABLE 1 .. BASIC PARAMETERS //5X,40H NUMBER Of NOATA 880 

100AL POINTS. • . • • • • ., 15/5X,40H NUMBER OF ELEMfNTS ....• OATA 890 
2 ..... ', 15/5X,40H IWMB(R or 01rr£R£tH MATERIALS . ' ..• 'l~>/DATA 900 
J')X,40H NUMBER or SURFACE LOAD CAHOS ..•... 'l')/5X,40H 1 = PLANEDA!A 91() 
4 STRAIN, 2 = PLANE STRESS ... , 15/5X,40H RODY FORCES( 1 = IN -Y OIRDATA 920 
5EC., 0=NONE).151 DAlA 930 

fOHMAT (////33H TOO MANY NODAL POINTS, MAXIMUM =. 15) DATA 91;0 
FORMAT 1////30H TOO MANY ELEMENTS, MAXIMUM = , 15) DATA 950 
FORMAT (////]Ott TOO MANY MATERIALS, MAXIMUM -=, 15) OATA 91)0 
FORMAT (////40H TOO MANY SURFACE LOAD CARDS, MAXIMUM = , 15) DATA 970 
FORMAT (////:?Bil EXE CUT I ON llALT ED BECAlJSE Of, I 5, l 311 FAT AL EHRORS/l OA l A 9130 
FORMAT {4£10.31 DATA 990 
roRMAT (36HOINPUT TABLE 2 •• MATERIAL PROPERTl[S//10H MAT[RIAL,5X,OATA1000 

110HMOOULUS Of, 6X, 91iPO I SSON' S, 7X, 8HMA TERI AL. 7X, 811MAT[R I Al./4X, 6HNUMBDA TA 10 H> 
2£R, 5x, lOHELAST I c 1 TY. ax. 7H RAT Io. 8X. morns I TY. 6X. 911TH 'CK NESS) DATA 1020 

FORMAT (110,4El5.4! OATAl030 
FORMAT (34Hl1NPUT TABLE 3 •. NODAL POINT DATA //5X,5HNOOAL,48X,llfX-OATA1UllO 

101SP. ,8X, 7HY-OISP./5X,5HPOINT.6X,IHITYP(, 1!1X, lHX, 11,x, tHY.8X, rnoR l.OOATAH1~}() 
2A0,8X,7HOR LOAD) DATA1060 

FORMAT (215,4Fl0. 1 l DATA1070 
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Jl1 ronMAI (')X, 1711UU!OH IN CAllD NO .• I';/) DAfAIOilO 
]'; fOHMAl (2110,~[15.4) 0ATAl090 
16 IOf!MAl (31Hl11Nf'UT TABL[ IL. F.LfJ1[NT (JAIA //llX,3lifGLOBl•L INO!COAIAlHHl 

l[S or (t(.MftH N00[5/3X, 7!1ELLMf:N1. 7X, lltl' IX, 1112. IX, 1113, 7X, 1H4.2X,IWUJ\fA1110 
2MAT rn I AL) OA I A 1 1 20 

.ll fOHMl<f ('}X,<~'.Jll(HllOH IN [L[MUH CAHD NO.,I';/) (MTA113l1 
111 fOHMAT (61';) OATA111~0 
.19 f OHM/\ r ( ! I(). 111 8. I 10) OA r A I 1 ')0 
l!IJ IORMAI (371il1NPUT TABLE 5 .. SURFACE LOADING 01\1A//17:~.33HSUl~U\CE LDAfA\1611 

10/\fl IN I fNSI r I rs Al NOOES/llX. 611N00[ I .11x, 6l!N00[ .) . !OX. 2HX I. l()X, 2!0<.JDATA 11 711 
2.H.JX.211Yl,HJX,2HYJ) 0ATA1180 

11 l f Ol<MA r ( 2 I '), 11 [ 1 0. 3 ) [)AT A 1 1 '}() 
4 fORMAT 12110,4[12.4) OATA\200 
ii\ fOHMt1T (///ll~>ll ASSLM!lLY ANO SOI Ul ION 'n'li I NOf Bf PlHfOHM[IJ,, l':>,2lllOAU\121fl 

l Ffd l\l CAH!) [RllORS ) DAT A 1 ?<'O 
[NO OATAl?JO 
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C FINITE ELEMENT PROGRAM - SUOROUTINE ASSEMBL( !STOP) ASML 10 
SUBROUTINE ASEMBL (!STOP) ASML 20 
COMMON NNP,NEL,NMAT,NSLC,NOPT,NBOOY,MTYP,E(6),PR(6),R0(6),TH(6), JEASML 30 

1(800,5),X(800),Y(800),ULX(800),VLY(800),KOOE(800), ISC(80),JSC(80),ASML 40 
2SURTRX(80,2),SURTRY(80,2) ASML 50 

COMMON /ONE/ QK(10,10),0(10).B(3,10).C{3,3).BT(3,6).XQ(5).YQ(5) ASML 60 
COMMON /TWO/ IBAND,NEQ,R( 1600),AK( 1600,144} ASML 70 
DIMENSION LP(8) ASML 80 

C ASML 90 
RE~INO 1 ASML 100 

C INITIALIZE ASML 110 
lSTOP=O ASML 120 

C INITIALIZE PARTS Of MATRICES C AND BT ASML 130 
BT(l,4)=0.0 ASML 140 
BT( 1,5}=0.0 ASML 150 
Bf(1,6)=0.0 ASML 160 
BT(2, 1):0.0 ASML 170 
BT(2,2)=0.0 ASML 180 
BT(2.3)=0.0 ASML 190 
C(1,3)=0.0 ASML 200 
C(2.3)~o.o ASML 210 
C(3,1)=0.0 ASML 220 
C(3,2)=0.0 ASML 230 

C ASML 240 
C INITIALIZE OVERALL STIFFNESS MATRIX AK ANO OVERALL LOAD VECTOR R ASML 250 

00 1 !=l,NEQ ASML 260 
R(l):::O.O ASML 270 
DO 1 J=l, IBANO ASML 280 

1 AK( l,J)=0.0 ASML 290 C ASML 300 
C COMPUTE ELEMENT STIFFNESSES AND LOADS ONE BY ONE ASML 310 
C ASML 320 

DO 10 M;l,NEL ASML 330 
IF ( lE(M,5).GT.O) GO TO 2 ASML 340 
ISTOP;ISTOP+1 ASML 350 
GO TO 10 ASML 360 
CALL QUAD (M,AREA) ASML 370 
ff (AREA.GT.0.0) GO TO 3 ASML 380 
ISTQp;ISTOP+1 ASML 390 
PRINT 19, M ASML 400 C ASML 410 

C CONDENSE ELEMENT STIFF. FROM 10X10 TO 8X8, E0.{5-64), AND ELEMENT ASML 420 
C LOADS FROM 10Xl TO 8X1, EQ. { 5-640). (RH. 2) ASML 1~30 
3 If ( IE(M,3).EQ. f[(H,4)) GO TO 1 ASML 4!10 

00 6 J=l,2 ASML 450 
tJ=10-J ASML 460 
I K= IJ+l ASML 470 
PIVOT~QK( IK, IK) ASML 480 
00 5 K=l, IJ ASML 490 
f=QK( IK,K)/PIVOT ASML 500 

QK( IK,K)=f 
DO 4 l=K, IJ 
QK( 1.K)=QK( l,K)-f"QK( I, IK) 

ASML 510 
ASML 520 
ASML 530 
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4 QK(K, I )=QK( 1,K) ASML 540 
5 Q(K)=Q(K)-QK( IK,K)*Q( IK) ASML 550 
6 Q( IK)=Q( IK)/PIVOT ASML 560 
C ASML 570 
C ASML 580 
C STORE MULTIPLIERS,PIVOTS,CONOENSEO LOADS, STRAIN-OISP. ANO STRESS-ASML 590 
C MATRICES ON SCRATCH TAPE NO. 1 (TO BE USED LATER TO COMPUTE STRAINASML 600 
C STRESSES I ASML 610 
7 WRITE ( 1) ((QK( 1,J) ,J=l, 10), 1=9, 10) ,Q( 91,Q( 10), ( ( B( 1,J ),J=l, 10), l=ASML 620 

11,3),((C( 1,JJ,J=l,3), 1=1,3),XQ(5),YQ(51 ASML 630 
C ASML 640 
C ASSEMBLE STIFF. AND LOADS , DIRECT STIFF. METHOD, SEC. 6-5. ASML 650 
C ASML 660 

LIM=8 ASML 670 
IF { IE(M,3).EQ. IE(M,41) LIM=6 ASML 680 
DO 8 1=2,LIM,2 ASML 690 
I J= I /2 ASML 700 
LP(l-1)=2*1E(M,IJ)-1 ASML 710 

8 LP( 1)=2*1E(M, IJ) ASML 720 
DO 9 LL= 1 , LI M ASML 7 30 
l=LP(LL) ASML 740 
R( I J=R( I )+Q(LLJ ASML 750 
00 9 MH=l,LIH ASML 760 
J=LP(HH)-1+1 ASML 770 
If {J.LE.O) GO TO 9 ASML 780 
AK( 1,J)=AK( 1,J)+QK(LL,MM) ASML 790 

9 CONT I NUE ASML 800 
10 CONT I NUE ASML 810 
C ASML 620 
C ADO EXTERNALLY APPL. CONC. NODAL LOADS TO R ASML 830 

00 12 N=l,HNP ASML 840 
IF (KOOE(N).EQ.3) GO TO 12 ASML 850 
K=2*N ASML 860 
IF (KODE(N).EQ. 1) GO TO 11 ASML 870 
R(K-1J=R(K-1)+ULX(N) ASML 880 
If (KOOE(N).NE.0) GO TO 12 ASML 890 

11 R(K)=R(K)+VLY(N) ASML 900 
12 CONTINUE ASML 910 
C ASML 920 
C CONVERT LINEARLY VARYING SURFACE TRACTIONS TO STATIC EQUIVALENTS, ASML 930 
C ANO ADO TO OVERALL LOAD VECTOR R, EQ.(5-61A). ASML 940 

IF (NSLC.EQ.O) GO TO 14 ASML 950 
DO 13 L=l,NSLC ASML 960 
l=ISC(L) ASML 970 
J=JSC(L) ASML 980 
I I =2* I ASML 990 
JJ=2*J ASHL1000 

OX=X(J)-X( I) 
OY=Y(J)-Y(I) 
EL=SQRT(OX*DX+OY*DY) 
PXl=SURTRX(L,l)*EL 
PXJ=SURTRX(L,2)*EL 
PYl=SURTRY(L,l)*EL 
PYJ=SURTRY(L,2)*EL 

ASML1010 
ASML1020 
ASML1030 
ASML1040 
ASML1050 
ASML1060 
ASML1070 
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c 
c 
c 
c 
lll 

16 
1 7 

18 
c 
19 
20 

R ( I I - 1 ) "'R ( I I - I ) +PX I / J . 0 + P XJ / 6. 0 
R(JJ-1 )=R(JJ-1)+PXl/6.0+PXJ/3.0 
RI I I J=R( I I )+PYl/J.O+PYJ/6.0 
R(JJ)=R{JJ)+PYl/6.0+PYJ/3.0 
CONT I NU£ 

i69 

INTRODUCE KINEMATIC CONSTRAINTS (C£0HETRIC BOUNDARY CONDITIONS), 
CQ.(6-18). REF. 1. 

00 17 Mc:l,NNP 
If (KOOE(M).GE.O.ANO.KOOE(M).L(.J) GO TO 15 
ISTOP=ISTOP+1 
GO IO 17 
IF (KOOE(M).£Q.0) GO TO 17 
If (KOOE(M).fQ.2) GO TO 16 
CALL GEOMBC (ULX(M),2•M-1) 
IF (KOOE(M).EQ. 1) GO TO 17 
CALL GEOMBC (VLY(M),2"M) 
CONTINUE 
om Fl LE 1 
IF ( ISTOP.E0.0) CO TO 18 
PR I NT 20, I STOP 
RETURN 

FOHMA T ( /5X, l 7H AREA OF ELEMENT , 15, 14H IS NEGATIVE /) 
FORMAT (////42H SOLUTION WILL NOT BE PERFORMED BECAUSE or. 15, 15H 

1 DAT A ERRORS /) 
ENO 

ASML1080 
ASML1090 
ASML1100 
ASMt.1110 
ASML 1120 
ASML1130 
,\SML 1140 
ASML l 150 
ASML1160 
ASML 11 70 
ASML1180 
ASMLl190 
ASMl.1200 
ASML1210 
ASML1220 
ASML1230 
ASMLl240 
ASML1250 
ASML1260 
ASMLl270 
ASML1280 
ASML1290 
ASML1300 
ASML1310 
ASMl.1320 
ASMLl 330 
ASML 13110 
ASMLl.350 
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FINITE (L[M[Nf PROGRAM - SUBROUTINE QUAO(M,TOfALA) QUAD 
sunROUTINE QUAD (M,TOTAl.A) QUAD 
COMMON W'iP, N(l, NMAT, NSLC. NOPT, NBOOY, MTYP, [( 6 J, PR( 6), RO( 6 l, Tll( 6), I [QUAO 

1 ( 800, 5). X( 800 l, Y{ 800 l, ULX( 8()0), YLY( 800 l. KODf( 800), I SC( 80), JSC( 80 l ,<WAO 
2SURrRX(B0.2).SURIRY(80,2) QUAD 

COMMON /ON[/ QK( 10, lO)JJ( 10),B(3, lO),C{3,3l,llT(J,6).XQ(')).YQ(5) QUAO 
COMMON /f\..10/ IOANO,N[Q,R( 1600),AK( 1600. lllll) QUAO 

QUAD 

'" i E { M. 1 l 
.J = ! [ { M, 2) 
Kc I [( M, :\ l 
L I [ { M, 1,) 
MfYP=lf(M,'>) 
TOlAI /,"(!. 0 

CONSTRUCT STRESS-STRAIN MATRIX C,EQ.(J-16C). fOR PLAN[ STRAIN 
NOPT=1, ANO FOR PLANE STRFSS NOPT=2. PR[S[NI CODE IS FOR 
ISOIROP!C MATERIALS 
IF (NM,\ T. EQ. 1 • ANO. M. GT. 1 ) GO l 0 
If (NOPf.EQ.2) GO ro l 
Cfc-((MfYP)/((1.0+f'R(MTYP))"{l 0-2.u•PR(MfYPI)) 
C( 1. I )c::Cf*( 1.0-PR(MTYP)) 
G( 1,2)-"Cr~PR(MfYP) 
C(~'. 1)o:C(1,2) 
C(2.2) 00 C(1,l) 
C( 3, J) :oCf" ( 1 . 0-2. 0* PR ( M TYP) l 12. O 
GO TO 2 er E(MfYP)/(1.0-PR(MTYP)*PR(MTYP)) 
C( 1, l )'"CF 
C( 1.2)"'PR(MTYP)*Cf 
C( 2, 1)c.:C(1, 2 l 
C!2.2)=Cf 
C( 3. 3) =Cf* ( 1 . 0 - PR { MTYP) l /2. 0 
LIM~4 

If (K.EO.l) LlM=3 
XQ('))"0.0 
YQ( 5 )=-0. 0 
DO 3 No: 1. LIM 
NN=IE(M,N) 
XQ(N),,X(NN) 
YQ(N)=Y(NN) 
XQ(5)=XQ(5l•X(NN)/FLOAT(LIM) 
Y0(5)=YQ(5l•Y(NN)/FLOAT(LIM) 

QUAD 
QUAD 
QllAO 
QUAD 
QUAD 
QUAD 
QUA() 
QUAD 
QUAD 
QUA() 
QUAD 
QUAD 
QUAD 
QUAD 
QUAD 
QUAD 
QUAD 
QUAD 
QUAD 
QUAD 
QUAD 
QUAO 
QUAD 
QUAO 
QUAD 
QUAD 
QUAD 
QUAD 
QUAD 
QUAD 
QUAD 
QUAD 
QUAD 
QUAO 
QUAD 
QUAD 

INI flALIZE QUAD. 
00 5 I I := 1 , 1 0 

STIFFNESS, IOAO VECTOR ANO STRAIN-OISPLACfMENT Y[QUAD 
QUAO 
QtJAD 
QUAD 
QUAD 
QUAO 

Q( I I )"'0.0 
DOti,JJ"l,lU 
QK( 11,.JJ )=0.0 
DO 5 J,J" l • 3 

10 
20 
30 
110 
')U 
60 
lO 
80 
90 

100 
110 
1 ;>o 
130 
11Hl 
150 
160 
!10 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
!j lj() 

1150 
1160 
470 
118() 
h90 
50ll 

U(JJ, I I )::o0.0 
If (K.N(.L) GO TO 6 
CALL CST (1.2,3,fOTALAl 
GO TO l 

QUAD 510 
QUAD 520 
Q\JAD 530 
QUAD 51!0 



6 CAU CST (1,2,),AfHA) 
TOfALA=fOIALA+AR[A 
CALL CST (2,3,5,AR[A) 
fOTAl_A~roTALA•AR[A 
CALL CST ( 3.~.5,AR[A) 
TOTALA=TOTALA+AREA 
cr.u. CS! (!l,1,5,AHFA) 
TOT ALA"' lO T ALA+ Ml EA 
Hr:ru1w 
CNO 
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QUAD '.' ~10 
QUA!) ''60 
Q lJ,\ () '1 70 
QUAD '.)80 
QUAD 59tJ 
QUAO 600 
QUAD 6Hl 
Q\IAD 620 
f)UAO (, 30 
QUAD ()!If) 



c 

c 

c 
c 

c 
c 

1 
c 
c 

2 
c 
c 
c 
c 

3 
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fl NI TE ELEMENT PROGRAM - SUOROUTINE CST( 1,J,K,AREA) CST 
SUBROUTINE CST ( l,J,K,AREA) CST 
COHHON NNP,NEL,NMAT,NSLC,NOPT,NOOOY,MTYP,((6),PR(6),R0(6), TH(6), IECST 

1(800,5),X(800),Y(800),ULX(800),VLY(800),KOOE(800), ISC(60),JSC(60),CST 
2SURTRX(80,2),SURTRV(60,2) CST 

COMMON /ONE/ QK( 10, 10 ),Q( 10 l. 0( 3, 10).C( 3, 3), BT( 3, 6 ).XQ( 5 l, YQ( 5) CST 
COMMON /TWO/ ISANO,NEQ,R( 1600),AK( 1600, 144) CST 
DIMENSION C8(3,6l. LC(6). LT(3), TK(6,6) CST 

LT( 1 )=I 
LT( 2 J=J 
LT( 3 )=K 
COMPUTE STRAIN-DISPLACEMENT MATRIX 0 FOR TRIANGLE, (Q. (5-35A) 
BT( 1, 1 ):YQ(J)-YQ(K) 
OT( 1,2)=YQ(K)-YQ( I) 
8 T ( 1 • 3 I = YQ ( I I - YQ ( J l 
OT(2,4)=XQ(K)-XQ(J) 
8T(2,5)=XQ( I )-XQ(K) 
BT(2,6)=XQ(J)-XQ( I) 
OT( 3. 1)=BT(2, 41 
BT(3,2)=8T(2,5l 
BT(3,3)=BT(2,6) 
BT(3,4)=BT(1,1) 
BT(3,5)=BT( 1,21 
BT(3,6)=8T(1,3) 
ARE A= ( 8 T ( 2 , 4 ) •BT ( 1 , 3 ) - BT { 2 • 6 ) • B T ( l , 1 l l I 2 . 0 

COMPUTE C*B 
00 l I I= 1, 3 
DO 1 JJ=l ,6 
CB( 11,JJ)=O.O 
00 I KK= 1, 3 
CB( I I, JJ )=CB( I I, JJ) +C( I I, KK) "BT( KK, JJ) 

COMPUTE (B**T)*C*B, EQ.[5-45AJ 
DO 2 11=1,6 
DO 2 JJ=l,6 
TK( 11,JJ )=0.0 
00 2 KK=l, 3 
TK( I I, JJ )=TK( I I, JJ) +BT( KK, I I ) *CO( KK, JJ) 

ADD TRIANGLE STIFNESS TO QUADRILATERAL STIFFNESS, EX.(6-2). 
AOD TRIANGLE STRAIN-DISPLACEMENT MATRIX TO QUADRILATERAL STRAIN-
OISPLACEMENT MATRIX 
DO 3 I I= 1, 3 
LC( 1I)=2*LT(11 )·1 
LC(ll+3):::2•LT(ll) 
DO 5 11=1,6 
LL=LC( I I l 

CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 
CST 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
JOO 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 

If (AREA.EQ.0.0) GO TO 7 
fK=l.0/(4.0*AR(A) 
FB=2.0*FK 

CST 510 
CST 520 
CST 530 



5 
c 
c 

6 
7 
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00 14 JJ= 1. 6 
MM=LC(JJ) 
QK( ll,MH)=QK( LL,MM)+TK( fl ,JJ )*TH( MTYP )*fK 
DO 5 JJ::l,3 
B(JJ,LL)::B(JJ,LL)+ST(JJ, 11 )*fB 

DEVELOP BOOY fORCE VECTOR, EQ.(5-616) 
If (NBOOY.EQ.0) GO TO 7 
TBOOYF=AREA*RO(MTYP)*TH(HTYP) 
BOOYf=-TBODYf/3.0 
DO 6 I I= 1, 3 
JJ=2"LT{ I I) 
Q(JJ)=Q(JJ)+BOOYf 
RETURN 
END 

CST 51~0 

CST 550 
CST 560 
CST 570 
CST 580 
cs r 590 
CST 600 
CST 610 
CST 620 
CST 630 
CST 6110 
CST 650 
CST 660 
CST 670 
CST 680 



c 

c 

c 
c 
c 

c 
c 

1 
c 
c 

2 
c 
c 

3 

5 
c 
c 
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FINITE ELEMENT PROGRAM - SUBROUTINE STRESS STRS 
SUBROUTINE STRESS STRS 
COMMON NNr,NEL,NMAT,NSLC,NOPT,NBOOY,MTYP,E(6),PR(6),R0(6), TH(6), IESTRS 

1 ( 800, 5 J, X( 800), Y( 800}, ULX( 800), VL Y( 800), KOOE ( 800), I SC ( 80), JSC( 80), STRS 
2SURTRX(80,2),SURTRY(80,2) STRS 

COMMON /ONE/ QK( 10, H)J.Q( 10),8(3, 10).C(3,3).6T(3,6),XQ{5).YQ(5) STRS 
COMMON /TWO/ IBAN0,NEQ,R(1600),AK(1600,11~11) STRS 
DIMENSION SIG(6), SIC1(3) STRS 

11£\.llNO l 
PRINT 10 
NOL I N(::li1 

STRS 
STRS 
STRS 
srns 
STRS 

RETRIEVE MULTIPLIERS, PIVOTS, MATRICES 0 ANO C, ANO CENTROIDAL COOSTRS 
FOH ELEMENT STRS 
00 9 M=l,NEL STRS 
Rf.AD ( 1 ) ( ( QK( I , J ), J = 1 , 10). I::: 1 , 2 ) , Q( 9 ) , (J( 1 0 ) , ( ( 8( ! , J ) , J = 1 , 10) , I= 1 , S TRS 

13),((C{ 1,.J),J=l,3), !=1,3),XC,YC STRS 
STRS 

SELECT NODAL DISPLACEMENTS FOR 
LIM=4 
If" (IE(M,3).[Q.l((M,4)) LIM=3 
00 1 I= l, L l M 
I 1:::2* I 
JJ=2*1E(M, I J 
Q( 11-1 )=R(JJ-1) 
Q( I I )=R( ,)J) 

RECOVER CONDENSED DISPLACEMENTS 
IF (LIM.EO.l) GO TO i 
00 2 K= 1, 2 
JK=K+8 
IK=JK-1 
DO 2 L"' l, l K 
Q(JK)=Q(JK)-QK(K.L),.Q(L) 

ntE ELEMENT STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 

FOR THE QUADRILATERAL, £0. (5-64G)STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 

COMPUTE ELEMENT STRAINS, 
LIM"' 10 

EQ.(5-35A) STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 

fAC;0.25 
CO TO 4 
UM=6 
f AC:= 1 • 0 
00 5 1=1,3 
E(l)=O.O 
DO 5 J"'l,LIM 
£( l )=E( I )+8( I ,J )*Q(J j*FAC 

COMPUTE ELEMENT STRESSES 
DO 6 1=1, 3 

, EQ.(5-35Bl STRS 
STRS 
STRS SIG( t ):::0.0 

10 
20 
30 
40 so 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
31l0 
350 
360 
370 
380 
390 
1.400 
410 
420 
430 
41!0 
1150 
1160 
4 70 
1!80 
490 
500 

00 6 Jc=l,3 STRS 510 
6 SIC(l)=SIG(l)+C(l,J),.E!J) STRS 520 
C COMPUTE PRINCIPAL STRESSES ANO THE ANGLE WITH THE POSITIVE X AXIS STRS 530 

SP=(SIG(1 )+SIG(2))/2.0 STRS 540 
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SM~(SIC( 1 )-SIC(2))/2.0 STRS 550 
OS=SORT(SM*SM+SIG(J)*SIG(3)) STRS 560 
SIG(4)=SP+OS STRS 570 
SIG(5l=SP-OS STRS 580 
SIG(6)=0.0 STRS 590 
If (SIG(3).N(.0.0.ANO.SM.NE.0.0) SIG(6)=28.648*ATAN2(SIG(3).SM) STRS 600 

C PRINT STRESSES, 50 LINES PfR PAGE STRS 610 
IF (NOLINE.GT.0) CO TO 7 STRS 620 
PRINT 11 STRS 630 
NOLIN£=49 STRS 640 

7 NOLlNE~NOLINE-1 STRS 650 
C STRS 660 
c HE-USE STORAGE SPACE IN UN-NE£0ED ARRAYS roR STRESSES & CENTROIOS STRS 670 
C STRS 680 

DO 8 JJJ=l,5 STRS 690 
ISUB1=MOO(JJJ+1,2)*120+H STRS 700 
!SUB2=IJJJ+1 J/2 STRS 710 

8 AK( ISU61, 1sua21~s1G(JJJ) STRS 720 
STX=SIC(l)/144. STRS 730 
STY=SIG(2)/144. STRS 740 
STXY=SIG{3)/144. STRS 750 
STHAX=SIG(4)/144. STRS 760 
STMIN=SIG(5)/144. STRS 770 

9 WRITE (6,12) M,XC,YC,STX,STY,STXY,STMAX,STMIN,SlG(6) STRS 780 
END FILE 1 STRS 790 
RETURN STRS 800 

C STRS 610 
10 FORMAT {47H10UTPUT TABLE 2 .. STRESSES AT ELEMENT CENTROIOS//1X, 7HESTRS 820 

1LEMENT,2X, 1HX,4X, lHY,3X,8HSIGMA(X),2X,81iSICMA(Y),2X,8HTAU(X,Y),2X,STRS 830 
28HS I GMA( 1), 2X, 8HS l GMA( 2 l. 2X, 5HANGLE l STRS 840 

1 l FORMAT ( 1Hl,7HELEHENT,2X,1HX,4X,1HY,3X,8HSIGMA(X),2X,8HSIGMA(Y),2XSTRS 850 
1,8HTAU(X,Y),2X,8HSIGMA( 1),2X,8HS!GMA(2),2X,5HANGLE) STRS 860 

12 FORMAT ( 14,2f7.2, 1P6£10.2) STRS 870 
ENO STRS 880 



c 

c 
c 

2 
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FINITE ELEMENT PROGRAM - SUBROUTINE GEOMOC(U,N) 
SUBROUTINE GEOMBC (U,N) 
COMMON /T~O/ IBAND,NEQ,R( 1600),AK( 1600, 144) 
THIS SUBROUTINE MODlflES THE ASSEMBLAGE STIFfNESS 
PRESCRIBED DISPLACEMENT U AT DEGREE Of FREEDOM N, 
00 2 M=2, !BAND 
K=N-M+l 
lf (K.LE.0) GO TO 1 
R(K)~R(K)-AK(K,M)•U 
AK(K,M)=0.0 
K::N+M-1 
It (K.GT.NEQ) GO TO 2 
R(K)~R(K)-AK(N.M)•U 
,\K(N,M)=O.O 
CONT I NU[ 
AK(N,1)=1.0 
R ( N) :U 
R(TURN 
END 

GEOM 10 
GEOM 20 
GEOM JO 

ANO LOADS FOR THGEOM 40 
EQ.(6-188). (REFGEOM 50 

GEOM 60 
GEOM 70 
G(OM 80 
GEOM 90 
GEOM 100 
GLOM 110 
GEOM 120 
G(OM 130 
GEOM 140 
GEOM 150 
GEOM 160 
GEOM 170 
GEOM 180 
GEOM 190 



c 
c 
c 
c 
c 
r, 

3 

4 

c 
5 
6 
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FINITE ELEMENT PROGRAM - SUBROUTINE RANSOL 
SUBROUTINE BANSOL {KKK,AK,R,NEQ, IBANO,NOIM,MOIM) 
SYMMETRIC BAND MATRIX EQUATION SOLVER. (REF. 2) 

KKK = I TRIANGULARIZES TH( BAND MATRIX AK, EO. (2-2) 
KKK = 2 SOLVES FOR RIGHT HAND SIDE R, SOLUTION RETURNS IN R, 

DIMENSION AK(1600,144). R(l) 
NRS,;N[Q-1 
NR=NEO 
IF (KKK.E0.2) GO ro 3 
DO 2 N"l,NRS 
M"'N-1 
HR=HfNQ( IBANO,NR-M) 
PIVOT"'AK(N, 1) 
DO 2 l=2,MR 
CP=AK(N,L)/P!VOT 
I =M+L 
J=O 
00 1 Ko::L, MR 
J=J +1 
AK( !,J)=AK( l,J)-CP*AK{N,K) 
AK(N,L)::CP 
co ro 6 
DO 4 N"'l,NRS 
M;:;:N-1 
MR=MINO( IBAND,NR-M) 
CP=R(N) 
R( N )=CP/AK( N, l) 
00 4 l=2,MR 
l=M+L 
R( 1 J=R( I J-AK(N, L) .. CP 
R(NR)=R{NR)/AK(NR, 1) 
00 5 I= 1, NRS 
N=NR-1 
M"'N-1 
MR:MINO( IBANO,NR-M) 
00 5 K=2,MR 
L-:=M+K 
STORE COMPUTED DISPLACEMENTS IN LOAD V(CTOR R 
R(N)=R(N)-AK(N.K)*R(LJ 
RETURN 
ENO 

BANS 
OANS 
BANS 
BANS 
BANS 

EQ. ( 28ANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 
BANS 

10 
20 
30 
11() 

50 
60 
70 
80 
90 

100 
110 
120 
130 
1110 
150 
160 
no 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
l.!30 
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Appendix 

The Mesh-plot Program 

a) g~on card: 

FORMAT (Il) 

Col. Definition 

1 OP TAX Plotting option and option for end of plot 

= 0, if the Y-coordinate is limited by the 

height of the plotter 

= 1, if the X-coordinate is limited by the 

height of the plotter 

= 9, to indicate the end of the plot 

FORMAT (3F7.l,3F5.3,2I4,Fl0.3) 

Col. Definition 

1-7 XTIC Distance between tic marks on the plot 

axes in inches 

8-14 XLNG Length of the X-axis in inches 

1.5-21 YLNG Length of the Y-axis in inches 

22-26 SIZFAC Scaling factor of the mesh 

27-31 Hl Height of the element numbers to be printed 

in inches 

32-36 H2 Height of the nodal point numbers to be 

printed in inches 

37-40 CTR Counter variable = 1 

41-44 Second counter variable =l 
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Col. Definition . . 

45-54 XMAX9 Maximum extent in X-direction - used only 

when OPTAX = 1 

c) _?asi~ p_arameters - card .~: 

FORMAT (2I4,I2) 

Col. Symbol Defini-cion 

1-4 NOE LE Number of elements 

5-8 NOSND Number of nodal points 

9-10 NT EST = 0, does not test safety factor 

d) Nodal point data: 

FORMAT (I5,SX,2F10.l) 

Col. Definition 

1-5 N Nodal point number 

6-10 Blank 

11-20 X-coordinate of nodes 

21-30 YY(N) Y-coordinate of nodes 

e) Element data: 

FORMAT (SIS) 

Col. .§_ymbo l Definition 

1-5 N Element numbers 

6-10 IE(N,1) 

11-15 IE(N,2) Node numbers of corner nodes of 

16-20 IE(N,3) the number n element 

21-25 IE(N,4) 



c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
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M[Slf-PLOT PROGRAM MSPL 
DIMENSION DX(l1), OY(!i), OXX( 12), DYY( 12), f(800). XX(800), YY(800)MSl'L 

1, IE(800,4! MSPL 
COMMON XORD( 800), YORD( 800), NO I ( 800), NOJ ( 800) . NOK ( 800 l, N fR, NOL( 800 l MSPL 

l,XIO,YIO MSPL 
COMMON /OPTA/ OPTAX MSPL 
INlEGER CTR,OPTAX MSPL 
CALL PLOrS (0,0,50) MSPL 
CALL PLOT (5.,.5,-3) MSPL 
ERROR=O MSPL 
READ (5,31) OPTAX MSPL 
If {OPTAX.EO.Ol GO JO I MSPL 
READ (~),32) XTIC,YLNG,XLNG,SIZFAC,H1,Hc',CTH,NfR,."'.MAX9 MSl'l 
CO TO 2 MSPL 
CONT !NU[ MS PL 
READ ( 5. 32 l xr IC, Xl NG. YLNG, s I ZFAC, Hl. H2. CTR. NTR MSPL 
CONT I NU£ MSPL 
l!CTR"'I MSPL 
NTR:I MSPL 
I fLAG=U MSPL 
If (CTR.EQ.0) GO TO l MSPL 
I ICTR=CTR MSPt 
crn:::CTR-1 MSPL 
ICTR~CTR MSPL 
!FLAG=! MSPl 
CONT I NU£ MSPL 
ISMP=O MSPl 
If {Hl.LE.0.0R.H2.LLO) !SKP=l MSPL 
SIZFAC IS THE SCALING FACTOR Of THE MESH MSPL 
H1 IS TH[ HEIGTH Of TBE ELEMENT NUMBER TO BE ORINTEO BEFORE FACTOMSPl 
H2 IS Hl[ HE!CTH OF THE NODAL POINT NUMBEH OR THE SAFETY FACTOR NMSPL 
NBER TO BE PRINTED BEFORE FACTORING MSPL 
IF NTEST = 0, THE NODAL POINT NUMBER WltL BE PRINTED MSPL 
IF NTEST = 1, THE SAFETY FACTOR WILL BE PRINTED MSPL 
xTIC IS THE DISTANCE BETWEEN THE TIC MARKS IN INCHES MSPL 

XLNG IS THE LENGTH OF THE X AXIS I NCH ES MSPL 
YXLNG IS THE LENGTH or TH( y AXIS INCHES MSPL 

CHOOSING COORDINATES MSPL 
If' OPTAX=O THE y COORDINATE IS LIMITED OY THE HIGHT or rnE MSPL 

PLOTTER. IF OPTAX~l THE X COORDINATE IS LlMIATED. MSPL 
If Hl OR '2 ARE 0 OR NEGATIVE THE NODAL ANO ELEMENT NUMBERS WILL MSPL 

NOT BE PRINTED MSPL 
l f A BLOW UP Of A SECT I ON IS WANT ED CTR ! S THE f ~ST NODE IN MSPL 
TllAT SECT I ON. If fH[ NODES ARE NOT SEQUENCED l'IBEQ MUST BE MSPL 
SPECI ft EO AS 1. MSPL 

ONE ( 1) BLANK CARD IS REQUIRED AFTER THE NODAL POINT CARDS ANO ALSMSPL 
AFTER THE ELEMENT CARDS.... MSPl 
WRITE (6,33) SIZFAC MSPL 
.><LNG,,XLNG*S 1 Zf AC MSPL 
XLS=XTIC*SIZfAC MSPL 

10 
20 
30 
1•0 
50 
60 
70 
80 
90 

100 
110 
120 
130 
11•0 
150 
160 
170 
180 
190 
200 
210 
220 
230 
2110 
250 
260 
270 
280 
290 
300 
310 
320 
330 
31;() 
350 
360 
370 
380 
390 
400 
410 
420 
1130 
ti I•() 
450 
1160 
470 
480 
490 
500 

YLNG=YLNG*SIZFAC 
READ (5,34) NOELE,NOSNO,NTEST 
M" l 
READ (5,35) N,XX(N),YY(N) 

MSPL 510 
MSPL 520 
MSPL 530 
MSPL 540 



I 3 
11; 

15 
16 

1 / 

18 
19 

If (N-M) 5,8,6 
GO IO I~ 
Df,,N+l-M 
RX=(XX(N)-XX(H-1 ))/OF 
RY=(YY(N)-YY{H-1 ))/OF 
XX(H)=XX(M-1 )+RX 
YY(M)=YY(M-1 )+RY 
M=M•· 1 
If (N-M) 9,8,7 
IF (H.L[.NOSNDI GO TO 4 
00 10 N=l,NOSNO 
XORD(N)=XX(N) 
YOHO(N),,YY(N) 
CONTINUE 
If (OPIAX.[Q.0) CO TO 12 
DO 11 IJ=llCTR,NOSNO 
AAA,~xonoc iJ l 
XOflD( IJJ:::YORO( IJ! 
YORO[ IJ)=XMAX9-AAA 
CONTINUE 
CONlfNUE 
CTR::o() 
if {IFLAG.EQ.1) CfR:.oiCTR 
LL=O 
READ I 5, 36) N, ( IE( N, I ), I= 1, 4 J 
LL=LL+l 
IF (N-LL) 15,17,16 
CO TO 13 
I (( LL, I ) = I E ( LL- 1 , 1 ) + 1 
l[(LL,2)=1E{LL-l,2)+l 
I£( LL. 3 ): I [( LL-1, 3 )+1 
l((ll,4)=1E(LL-1,4)+1 
NO I (LL)= IE (LL, 1 l 
NOJ(LL)~IE(ll,2) 
NOK(Ll)=l((ll,3) 
NOL(LL)=IE(LL,4) 
IF (N-LL) 18,18,14 
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IF (NOELE-LL) 19,19,13 
COIH INU[ 
CALL SAXIS (0.,0.,25HHORIZONTAL EXTENT IN 

MSPL 550 
MSPL 560 
MSPL 570 
MSPL 580 
MSPL 590 
MSPL 600 
MSPL 6 HJ 
MSPL 620 
HSPL 630 
MSPL 640 
MSPL 650 
MSPL 660 
MSPL 670 
MSPl 680 
MSPL 690 
HSPL 700 
MSPL 710 
MSPL 720 
MSPL 730 
MSPL 740 
MSPL 750 
MSPL 760 
MSPL 770 
MSPL 780 
HSPL 790 
MSPL 800 
MSPL 810 
MSPL 820 
MSPL 830 
MSPL 8!H) 
MSPL 850 
MSPL 860 
MSPL 870 
MSPL 880 
MSPL 890 
MSPL 900 
MSPL 910 
MSPL 920 
MSPL 930 

FEET,-25.XLNG,O. ,0. ,XTICMSPL 940 
MSPL 950 1,XLS,O.) 

CALL SAXIS (0.,0.,23HVERTICAL EXTENT IN FEET.23,YLNG,90.,0.,XTIC,XMSPL 960 
MSPL 970 llS,O.) 

CALL SYMBOL (-l.,3.,.25,12HELEMENT PLOT.90., 12) HSPL 980 
MSPL 990 
MSPL 1000 CALL PLOT 10.,0.,-3) 

DO 25 M~NTR,NOELE 

l"NOl(H) 
J=NOJ(Ml 
K:NOK(M) 
L::NOL( M) 
OX( l )=XORO( I) 
OY( l )=YORO( I) 
OX ( 2) =XORO( ,J) 
OY{ 2) '~YORO( J) 

MSPL1010 
MSPL1020 
MSPL1030 
MSPL lOllO 
MSPLI050 
MSPL 1060 
MSPL 1070 
MSPL 1080 



2U 

21 

22 

23 

24 
25 

OX(l)=XORO(K) 
OY(l)=YORO(K) 
OX(4)=XORO(L) 
OY(ll) =YORO( L) 
00 20 IJ= 1,4 
OX( IJ)=OX( IJ)*SIZFAC 
OY( IJ)=OY( IJ)*SIZFAC 
CONTINUE 
CALL PLOT (OX( 1 ) , DY( 1), 3 I 
DO 21 L=l,4 
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CALL PLOT (OX(L),OY(L),2) 
CALL PLOT (OX(l),OY(l),2) 
IF (OX(4).[Q.OX(3).ANO.OY(4).(Q.OY(3)) GO TO 22 
X10=(0X(2)+0X( 1) )/2 
YIO=(DY(3)+0Y(2))/2 
GO TO 23 
OX( 4 )=OX( 1) 
OY(4)=0Y( 1 I 
I I= I 
JJ=J 
KK=K 
OXX( 1 )=XORO( I I I 
OYY( 1 )=YORO( I I) 
OXX(2)=XORO(JJ) 
OYY(2)=YORO(JJ) 
OXX(3)=XORD(KK) 
OYY(l)=YORO(KK) 
OXX(4)=.5*(0XX( 1)+0XX(2)) 
OYY(4)=.5*(0VY( 1)+0YY(2)) 
OXX(5)=.5*(DXX(2)+0XX(J)) 
DYY(5)=.5*(0YY(2)+0YY(3)) 
OXX(6)=.5*(0XX(3)+0XX(1)) 
OYY(6)=.5*(0YY(3)+0YY(1)) 
OXX(7)=.5*(0XX(4)+0XX(5)) 
OYY(7)=.5*(0YY(4)+0YY(5)) 
OXX(8)=.5*(0XX(5)+0XX(6)) 
DYY(8)=.5*(0YY(5)+DYY(6)) 
OXX(9)=.5*(0XX(6)+0XX(4)) 
OYY(9)=.5*(0YY(6)+0YY(4)) 
OXX(10)=.5*(0XX(7)+0XX(8)) 
OYY( 10)=.5*(DYY(7)+0YY(8)) 
DXX(11)=.5*(0XX(8)+0XX(9)) 

OYY(11)=.5*(0YY(8)+0YY(9)) 
DXX(12)=.5*(0XX(9)+0XX(7) I 
OYY(l2)=.5*(0YY(9)+0YY(7)) 
X10=0XX(10)*SIZFAC 
YlO=OYY(lO)*SIZFAC 
XM=M 
IF (ISKP.EQ.1) GO TO 24 
CALL NUMBER (Xt0,Y10,H1,XM,0.,-1) 
CONTINUE 
CONTINUE 
IF (NTEST.EQ.O) GO TO 27 

WR I TE ( 6 , 3 7) 

HSPL1090 
HSPLI 100 
HSPLl 110 
HSPL 1120 
HSPL 1130 
HSPL 1140 
MSPL1150 
MSPL 1160 
MSPL 1170 
HSPL1180 
MSPLl 190 
MSPL1200 
HSPL1210 
HSPL1220 
MSPL1230 
MSPL1240 
HSPL1250 
MSPL1260 
MSPL1270 
HSPL1280 
MSPL1290 
MSPL1300 
HSPL1310 
MSPL1320 
MSPll 330 
HSPL1340 
MSPLl 350 
MSPL1360 
MSPLl 3 70 
MSPL1380 
HSPL1390 
MSPL1400 
l~SPL1410 
HSPL1420 
MSPL11130 
MSPL14110 
MSPL1450 
MSPL1460 
MSPL1470 
HSPL1480 
HSPL1490 
HSPL1500 

MSPL1510 
HSPL1520 
MSPL1530 
HSPL1540 
HSPL1550 
MSPL1560 
HSPL1570 
HSPL1580 
HSPL1590 
HSPL1600 
MSPL1610 
MSPL1620 
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DO 26 I = I IC TR, NOSNO MSPL16JO 
X=XORO( I ) •. 5 HSPL16t!O 
Y=YORD( I)+.') MSPL1650 
READ ( 5, 38) I, F( I) MSPL1660 
XI =f( I) MSPL1670 
X=X*SIZfAC MSPL1680 
Y=Y*SIZFAC MSPL1690 
CALL NUMBER (X,Y,H2,Xl,0.,1) MSPL1700 
WR I TE ( 6 , 3 9 I I ,F( I I MSPL1710 

26 CONTINUE MSPL1720 
GO ro JO MSPL 1730 

27 CONTINUE MSPL1740 
If ( ISKP.EQ.1) GO TO 29 MSPL1750 
00 28 I= I I CTR, NOSND MSPL1760 
X=XORO( I ) •. 25 MSPL1770 
Y=YORO( I I+. 05 MSPLl 780 
Zl=I MSPL1790 
X=X*SIZfAC MSPL1800 
Y=Y*SIZFAC MSPLl810 
CALL NUMBER ( X, Y, ll2, l I , 0. , • 1 ) MSPL1820 

28 CONTINUE MSPL1830 
29 CONTINUE MSPL1840 
c MSPLt850 
c MSPL1860 
30 CALL PLOT (XLNG+5.0,0.0,999) MSPL1870 
c MSPL1880 
c MSPL1890 

STOP HSPL1900 
c MSPL1910 
J 1 FORMAT (II) HSPL1920 
32 FORMAT (3F7.1,3F5.3,214,F10.J) MSPL1930 
33 fORMAT (9110 SIZFAC=,F10.4) MSPL1940 
3ti FORMAT ( 2 ltl, 12) MSPL1950 
35 FORMAT ( I 5, 5X, 2F10. l I MSPL1960 
36 FORMAT ( 515) MSPL1970 
37 fORMAT ( 1H , 29H N. P. SAFETY FACTOR) MSPL1980 
38 FORMAT (110,F6.t) MSPL1990 
39 FORMAT (I 11,8X,F6.1) HSPL2000 

END MSPL2010 
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Appendix C-3 

The Stress-Plot Program 

a) Title card: 

FORMAT (15,1X,18A4) 

Col. Definition 

1-5 NPROB Problem number 

6 Blank 

7-78 TITLE Title of plot 

b) Basic oarameters: 

FORMAT (2I5,2Fl0.7) 

Col. .§_ymbol Definition 

1-5 NOSEL Number of elements 

6-10 NBNDY Number of boundary points 

11-20 SC Scaling factor for the plot 

21-30 SCALE Scaling factor for the stress vectors 

c) ~!:_r_e_s~ data: 

FORMAT (4X,2F7.2,29X,1P3E10.2) 

Col. Definition 

1-4 Blank 

5-11 x X-coordinates of element centroids 

12-18 y Y-coordinates of element centroids 

19-47 Blank 

48-57 STMAX(M) Maximum principal stress of element M 

58-67 STMIN(M) Minimum principal stress of element M 
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Col~ Definition 

68-77 PHI(M) Angle of inclination of principal 

stresses of element M 

FORMAT (2F10.4) 

Col. Symbol Definition 

1-10 XXA(N) X-coordinate of boundary point N 

11-20 YYA(N) Y-coord1nate of boundary point N 

or 

FORMAT (I5,lX,l8A4) 

Col. Symbol Definition 

1-5 NP ROB Problem number 

= 0, indicates end of plot 

= any integer, continues next plot 

6 Blank 

7-78 Title of next plot 

Note: This program is capable of plotting four separate 

quadrilateral boundaries. If more boundaries are desired, 

they can be plotted by the additional of more logical "IF 11 

statements in the program. It should also be noted that the 

first boundary point of each separate boundary should be 

repeated after the following three boundary points have been 

specified. 
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STRESS VECTOR PROGRAM 
DIMENSION XOR0(1500), YORO( 1500), STMAX( 1500), 

100), ANCLE(1500), XXA(1500}. YYA(1500} 
DIMENSION TITLE( 18) 
fl(AO (5,19) NPROB,(T!TLC(l),1=1,18) 
If (NPROB.LE.0) GO TO 18 
CALL PLOTS (0,0,50) 
CALL PLOT (5., .25,-3) 
READ (5.20) NOSEL,NBNOY,SC,SCALE 
DO 3 Mo:l,NOSEL 
REl~D ( 5, 21) X, Y, STMAX( M). STMIN( M). PH I ( M) 
RI TC'-'O. 0 
If (RtTE.EQ.0.0) GO TO 2 
WRIT( (6,21) X,Y,STMAX(M),STMtN(M),PHl(M) 
XORO(M)o-.X,.SC 
YORO(M)=Y*SC 

STHIN( 1500). 
STVP 

PHl(15STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP COIH t NlJE 

CALL SAXIS 
1, o. l 

(0. ,0. ,23HVERTlCAL EXTENT lN FEEf,23,4.5,90. ,0. ,25., .25STVP 
STVP 

(0.,0.,25HHORIZONTAL EXTENT IN FEET,-25,6.75,0.,0.,25.,STVP 
STVP CALL SAXIS 

1.250,0.) 
CALL SYMBOL (-.8, .5,.07,68H500 X 7 FOOT OPENING, 

1, STRESS SCALE 1 IN =lOOOOPSl,90.,68) 
00 4 N=1,NBNOY 

PENG CASE STUOYSTVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 

READ (5,22) XXA{N),YYA(N) 
XCO"'XXA(N)*SC 
YCO=YYA(N) .. SC 
If (N.EQ.1) 11=3 
IF (N.EQ.6} 11=3 
If (N.EQ.11) 11=3 
IF (N.EQ.16) 11=3 
If ( N. EQ. 21 ) 1 I:: 3 
If (N.EQ.26) l 1=3 
! f ( N. EQ. 31 l I I= 3 
If (N.EQ.36) 11=3 
If (N.EQ.41) 11=3 
! F ( N. £Q. 46 ) I I = 3 
I f ( N. EQ. 51 ) I I= 3 
IF ( N. EQ. 56) fl= 3 
If (N.EQ.61) 11=3 
CALL PLOT ( XCO, YCO, I 1) 
I 1=2 
CONTINUE. 
Pl=3. lll159/180. 
DO 17 1=1,NOSEL 
ANGLE( I )=ABS( PHI (I) }*Pl 
I F ( PH I ( I ) } 5, 6, 6 
Xl=XORO( 1)-ABS(STHAX( I ))*COS(ANGLE( !)) .. SCALE 
Y1=YORO{ I )+A8S(STHAX( I ))*SIN(ANGLE( t ))*SCALE 
X2=XORO( I )+ABS( STMAX( I) )*COS(ANGlE( I) )*SCALE 

STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 
STVP 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
31~0 

350 
360 
370 
380 
390 
400 
410 
420 
1130 
1140 
450 
460 
470 
480 
lt90 
500 

Y2=YORO( I )-ASS(STMAX( I ))*SIN(ANGLE( I ))*SCALE 
X3=XORD( I )+ABS(STMIN( I) )•S!N(ANCLE( I) )*SCALE 
Y3=YORD( I )+ABS(STHIN( I ))*COS(ANGLE( I ))*SCALE 
X4=XORO( I )-ABS{STMIN( t ))*SIN(ANGLE( I ))*SCALE 

STVP 510 
STVP 520 
STVP 530 
STVP 540 



6 

7 
8 

9 
10 

11 

12 
13 

14 

15 

16 
17 

18 
c 
19 
20 
21 

22 
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Y4=YORO( 1)-ABS(STMIN( l))*COS(ANGLE( I ))*SCALE 
GO TO 7 
Xl=XORD( 1 )+ABS(STMAX( I) )*COS( ANGLE( I) )*SCALE 
Yl=YORO( I) +ABS( STMAX( I ) ) *SIN( ANGLE( I ) ) *SCALE 
X2=XORO(I )-ABS(STMAX( l))*COS(ANGLE( l))*SCALE 
Y2=YORO( I )-ABS( STHAX( I) )*SIN( ANGLE( I) )*SCALE 
X3=XORO( I )-ABS(STHIN( I ))*SIN(ANGLE( I ))*SCALE 
Y3=YORO( I )+ABS(STMIN( I ))*COS(ANGLE( I ))*SCALE 
X4=XORO( I )+ABS(STHIN( I ))*SIN(ANGLE( I ))*SCALE 
Y4=YORO( I )-ABS(STHIN( I ))*COS(ANGLE( I ))*SCALE 
IF ( STMAX( I)) 8,9,9 
CALL NEWPEN (2) 
GO TO 10 
CALL NEWPEN (3) 
CALL PLOT (Xl,Yl,3) 
CALL PLOT (X2,Y2,2) 
IF (STHIN(I)) 11,12,12 
CALL NEWPEN (2) 
GO TO 13 
CALL NEWPEN (31 
CALL PLOT (X3,Y3,3) 
CALL PLOT (X4,Y4,2) 
CALL NEWPEN ( 1 ) 
I F ( PH I ( I ) ) 14, 15, 15 
XP=((X3+X4)/2. )-.05 
YP=((Yl+Y2)/2.)+.05 
ANGP=180.-ABS(PHI( I)) 
XQ=((X3+X4)/2. )+.05 
YQ=YP 
ANGQ=90.-ABS(PHI( I)) 
GO TO 16 
XP=((X3+X4)/2. )-.05 
YP=((Y1+Y2)/2. )+,05 
XQ=((X3+X4)/2. )+.05 
YQ=YP 
ANGP=PHI( I) 
ANGQ=270.+PHI{ I) 
CONTINUE 
CONTINUE 
CALL PLOT (30., 10.,999) 
GO TO 1 
STOP 

FORMAT (15,1X,18A4) 
FORMAT (215,2f10. 7) 
FORMAT (4X,2F7.2,29X,1P3E10.2) 

fORMA T ( 2f10 . 4 ) 
ENO 

STVP 550 
STVP 560 
STVP 570 
STVP 580 
STVP 590 
STVP 600 
STVP 610 
STVP 620 
STVP 630 
STVP 640 
STVP 650 
STVP 660 
STVP 670 
STVP 680 
STVP 690 
SfVP 700 
STVP 710 
STVP 720 
STVP 730 
STVP 740 
STVP 750 
STVP 760 
STVP 770 
STVP 780 
STVP 790 
STVP 800 
STVP 810 
STVP 820 
STVP 830 
STVP 840 
STVP 850 
STVP 860 
STVP 870 
STVP 880 
STVP 890 
STVP 900 
STVP 910 
STVP 920 
STVP 930 
STVP 940 
STVP 950 
STVP 960 
STVP 970 
STVP 980 
STVP 990 
STVP1000 

STVP1010 
STVP1020 
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Appendix C-4 

The General Purpose Contour Program 

a) Job card: 

FORMAT (A4,1X,18A4,A3) 

Col. Svmbol ------
1-4 .JOB 

5 Blank 

6-80 Title of plot 

b) Flexible mode card: 

FORMAT (A4) 

Col. 

1-4 FLEX 

5-80 Blank 

c) Refinement card: 

FORMAT (A4,1X,F5.0) 

Col. 

1-4 REF 

5 Blank 

6-10 Degree of contour smoothness 

Values: 2 through 20 

Default: 5 

FORMAT (A4,1X,I5) 

1-4 NWPN 



Col. 

5 

6-10 

Col. 

1-4 

5 

6-10 

11-15 

16-20 

21-25 

26-35 

36-40 

41-50 

51-60 

61-65 

66-75 

76-80 

Symbol 

Blank 

Pen number 
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= l, black pen; = 2 blue pen; 

= 3, red pen; = 4 green pen 

e) Size card: 

FORMAT (A4,1X,4F5.0,F10.0,F5.0,2Fl0.0,F5.0,Fl0.0) 

Symbol 

SIZE· 

Blank 

Scaling factor in X-direction (unit/inch) 

Scaling factor in Y-direction (unit/inch) 

X-coordinate of plotter origin (inches) 

Y-coordinate of plotter origin (inches) 

X-coordinate of origin of plot (units) 

Increment between tic marks on X-axis (units) 

Maximum extent in the X-direction (units) 

Y-coordinate of the origin of plot (units) 

Increment between tic marks on Y-axis (units) 

Maximum extent in the Y-direction (units) 

Blank 

f) Control point card 1= 
FORMAT (A4,1X,2FS.0,2IS,45X,2IS) 

Col. Symbol 

1-4 CNTL 

5 Blank 
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Svmbol _ _..___ 

6-20 Can be left blank if the locaton of the 

data points are not to be plotted 

21-25 = 2 or 6, if location of data points are 

not to be plotted 

26-70 Blank 

71-75 = 8, does not plot data point centers 

76-80 = 8, does not plot data point centers 

FORMAT (A4,1X,13A4,A3) 

Col. 

1-4 CNTL 

5 Blank 

6-80 Specify the format of the contour cards 

Example: (3X,2F7.2,10X,1P1El0.2,30X,13Al) 

Note: the format must contain exactly 16 

quantities, even though they are not all used. 

FORMAT (A4,1X,3IS) 

Col. Svmbol 

1-4 CNTL 

Blank 

6-10 = 1 

11-15 = 2 

16-20 =3 

21-80 Blank 
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FORMAT as specified Control point card 2 
(°' • ._o l.. 

see X-coordinate of data point 

above Y-coordinate of data point 

Data value 

j ) Block end card: --- -- --
FORMAT (A4) 

Col. SY!t_lbol_ 

1-4 BEND 

k) £!.1.E-nk ~ card: 

FORMAT (A4,1X,2I5) 

Col. Svrnbol 

1-4 BLNK 

5 Blank 

5-10 = l, for beginning a blanking block 

11-15 Number of blanking points 

Note: A sub-region within the contuoring region can be 

blanked, i. e. contouring can be suppressed in that area, 

by specifying a number of blanking points in such a manner 

as t.o traverse the region to be blanked in a clockwise 

direction. 
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FORMAT (A4,1X,6Fl0.0) - number of cards as specified 

in columns 11-15 of Blanking card 

Col. ?ymbol 

1-4 BND 

5 Blank 

6-15 X-coordinat:.e of first point 

16-25 Y-coordinate of first point 

26-35 X-coordinate of second point 

36-45 Y-coordinate of second point 

46-55 X-coordinate of third point 

56-65 Y-coordinate of third point 

66-80 Blank 

FORl"lAT (A4,1X,2I5) 

1-4 BLNK 

5 Blank 

6-10 = 0, for termination of blanking 

11-15 = 0 

16-80 Blank 

n) Phase 4 card: 

FORMAT (A4) 

Svmbol 

1-4 PHS4 

5-80 Blank 
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o ) ~o 1 -'-:=; _c_o_n_t_o_u_r s card: 

FORM.A.T ( A4-, lX, F5. 0) 

Col. 

1-4 BOLD 

5 Blank 

6-10 Number of levels between bold contours 

= 5 by default 

11-80 Blank 

p) Sk1:£ contours card: 

FORMAT (A4,1X,F5.0) 

Col. 

l-4 SKIP 

5 Blank 

6-10 Minimum distance between adjacent light contour lines 

11-80 Blank 

q) ?.._a_s_i_c c o_n_to_. u_;: levels card: 

FORMAT (A4,1X,FS.O) 

1-4 BLEV 

5 Blank 

5-10 Contour interval 

11-80 Blank 
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r} Border ----- card: 

FORMAT (A4) 

Col. §.ymbol 

1-4 BRDR 

5-80 Blank 

s) ~_se card: 

FORMAT (A4) 

Col. .S:.£mbOl 

1-4 PAUS 

5-80 Blank 

FORMAT (A4) 

Col. 

1-4 PLOT 

5-80 Blank 

u) Line card: 

FORMAT (A4,1X,I5,7F5.0,I5) 

1-4 LINE 

5 Blank 

6-10 = 0, coordinates relative to plotter origin 

= l, coordinates relative to origin of plot 

11-15 X-coordinate of first point 

16-20 Y-coordinate of first point 

21-25 X-coordinate of second point 

26-30 Y-coordinate of second po:nt 
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Col. 

31-35 Distance between Lie marks 

Blank if tic marks not required 

36-40 Height of tic marks 

Blank if tic marks not required 

41-45 Lateral displacements of line 

(Only required for stereoscopic maps) 

46-50 Integer value that determines line type 

= +l, for plotting solid line 

51-80 Blank 

Note: Line cards are used to draw lines from one point to 

another. Several lines cards may be used to draw additional 

boundaries within the main boundary. 

FORMAT (A4) 

Col. §Y..l!lbol 

1-4 END 

5-80 Blank 

w) s~ card: 

FORMAT (A4) 

Col. Svmbol --------
1-4 STOP 

5-80 Blank 
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JOB SIGMA (Y) 
FLEX 
REF 5 
NWPN t 
SIZE 80. 80. 1 . 1. o. 25. 672. 0.0 25.0 441. 
CNTL 6 
OHL ( 3X,2f7.2, 10X, 1P1E10.2,30X, 13A1) 
CNTL 1 2 3 

1 14.00 7 .00 -9. 14E+02 -3.95E+03 2.33E+02 -8.96E+02 -3.97E+03 4.37E+OO 
509 630.00 427.00 4.14E+02 -7.95E+02 -1.60E+01 4.14E+02 -7.95E+02 -7.60E-01 
510 658.00 427.00 3.26E+02 -1. 10E+03 -2.26E+02 3.61E+02 -1.14E+03 -8.80E+OO 

BENO 
BLNK 
PllS4 
BOLO 
SKIP .03 
BLEV 500 
BROR 
PAUS 
PLOT 
LINE 1 84. 28. 84. 35. +1 
LINE 1 84. 35. 588. 35. +1 
LI NE l 588. 35. 586. 28. +1 
LINE 1 588. 28. 84. 28. +1 
LINE 1 o. o. 0. 441. +1 
LI NE , 0. 441. 672. 441. +l 
LINE 1 672. 441. 672. o. +1 
LINE 1 672. o. o. o. +1 
LI NE 1 o. 224. o. 231. +1 
LI NE 1 o. 231. 672. 231. +1 
LI NE 1 672. 231. 672. 224. +1 
LI NE 1 672. 224. o. 224. +1 
ENO 
STOP 
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The coal fields of Appalachia of man~l 

cont i (:;uou sly mineable coal seams. Common prac t1.ce 

in m:::ning mul tipl.e seams ::..s +- ~ -.....v e;~tract. the seams .... ,......_ 
_;. .. a 

descending order. However. the mining sequence may still be 

based ori searn owners:r.ip, a-:/ai labi 12. t~' of the searn and t:he 

·;eneral economic situation, net on ground control 

considerat1ons. 

One of the maJor ground control mechanisms that must be 

considered in the design of a mine is the arching 

stresses around a previously mined lower seam. '.!'his 

investigation deals with the extent and magnitude o: the 

stresses above an underground opening. The finite elemen~ 

approach was utilized to determine the extent and magnitude 

of st:resses for \rarious ,~~idt.hs of mine opening, depths of 

cover and overburden material. This information can then be 

used as an approximation of the stresses that may be 

encountered in an actual mining situation. 
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