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Abstract
The research pres;nted in this study is primarily concerned
with the application ot ~umerical modelling techniques to
the stat " 1ity analysis of coal mine structures. The work has
been limited to room and pillar coal mining of flat and
gently dipping (below 20°) seams.

Conventional -analytic techniques are described,
together with numerical and physical modelling techniques
that are presently available.’ The boundary element computer
program (DDSEAMS) which has been used in this analysis is
described in detail, and the results of limited testing of
the program are included. & stress analysis design concept
s presented, which includes the development of a stress
criterion for stébility at a point.

Comparisons are made between the numerical model, a 3-D
physical model, a base friction model and an underground
phenomenological study at Grande Cache, Alberta.

An illustration of the stress analysis design concept
is included, with reference to a proposed mine at Coal
Valley, Alberta. This includes a detailed geotechnical
testing program, and the analysis of a humber of altérnative
mine geometries.

The major conclusions are:

* Improved stress analysis, compared to conventional
methods, are obtained by using the numerical mode]
presented.

* Definition of a stress criterion is useful for the



predictjon of over-stressed regions that are potentially
unstable.

»

Where strata stress condit! ons or pillar safety factors
indicate that failure will take place, the use of

elastic analysis techniques is not adequate for the

definition of the overall stability.

»*

The 3-D physical modelling qualitatively simulates pillar
failures observed in the underground phenomenological

v
study at Grande Cache

*

Initial analysis indicates that extraction ratios greater
than 50% may be possible by the "punch"*minfng me t hod
proposed at Coal Va]ley.

. .
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1. INTRODUCTION

The object of this research was to demonstrate the
application of a particular numerica]yanalysis technique for
assessing the stability of mining structures in room and
pillar coal mining. A boundary element computer program
(DDSEAMS) has been used, which is simple and inexpensive to
operate, but which does have limitations in its
applicability. These limitations are not restricted by
current Knowledge, but by the time required to develop
suitable prog;am packages for commercial use.

Room and pillar coal mining is a method whereby
sections are developed on advance, usually Consisting of
parallel drives (rooms), and connected at frequent intervals
to delineate rectangular coal pillars. In partial extraction
the pillars are left to support the overburden. When
complete extraction is performed, these pillars are
extracted on retreat, and the roof strata are allowed to
cave. The method is usually applicable to flat and gently
dipping seams (dips less than 20°).

A major factor in the choice of mining method and mine
1ayqut, is the stability of the openihgs and pillars that
are formed duri;g extraction of the coal. This study is
prima. ily concerned with the stability of pillars in room
and pillar coal mining. However, the stability of openings
cannot be igﬁored, as they interact with pillars in mine
structures. Portions of the analysis will only be applicable

to room and pillar coal mining of flat and gently dipping



seams, but the methods adopted are applicable to many‘other
mining methods which require openings and pillars.

A stress analysis approach, that is suitable for
solution by numerical methods, has been adopted. Numericél
problems are ideal for solution by digital computers, which
are rapidly becoming faster, more powerful and inexpensive.
It is probable that the future trend will be for every mine
to have a small computer facility, or a-communications 1ink
to a larger computer. Complex mine stability analyses-are
expensive, therefore they are currently beyond_the finance
and expertise of small mines.They are usually restricted to
a small number of alternative geometries and conditions. In
the future it is probable that stress aha]ysis tecﬁniques
may be used as routine mine design tools. They enable many
a]ternativebiayouts to be analysed quickly and
inexpensively, with a minimum of input data preparation.

Any engineering analysis requires that certain
simplifications be ﬁade in the modelling of the real .
situation, in order to obtain a solution. Thus the
simulations required are seldom perfect, and this is
éspecial]y true for Eock materials. The analysis is further
complicated by the 1imited Knowledge of the true rock mass
behaviour, when it is subjected to complex loading
conditions, common in mining situations. Therefore,
assumptions have to be made in defining the rock mass
behaviour, which are often further simplified for analysis

purposes. This produces an element of uncertainty in the

~

.
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soiution that can only be reduced by comparison with the
real mining conditions. Real behaviour is difficult and
expensive to determine comprehensively. Therefore the
Knowledge of the pre-mining stress field, and the stresses
and displacements induced by mining, are seldom complete.

An attempt has been méde to compare the stress anaWysis
technique adopted in this study with physical models and an
underground phenomend]ogical study.

A mine design simulation study of a mine property at
Coal Valley, Alberta, was undertaken. A limited number of
possible mine geometries were ana]ysed. The rock mass
parameters were estimated from geotechnical:testing of drill

core from the proposed site.



2. CONVENTIONAL DESIGN ANALYSES

Conventional methods of analysing the stabi]ify of mine
pillars and openings will be defined as those methods which
do not require the use of digital computers in their routine
solution. Numerical analysis techniques which require the
use of computers for tHeir solution will be described in the‘
next chapter. The analysis'methods have been divided into
the methods that concern pillar stability and those that
concern opening stability. This division is made for
simplification purposes, but in reality pillars and openings
interact in a complex manner. Only techniques that are
app]icabie to flat and gently dipping seams (dip less than

20°) will be described.

2.1 Pillar Stability Analvses

In the analysis of piliar stability, the load that will
be imposed on the pillar is estimated, and then this is
compared with the strength of the pillar. From this
comparison, safety factors forktﬁe stability of the pillars

can be derived.

2.1.1 Pillar Load Estimation

Three methods for estimating the loads on pillars are

presented. These methods are briefly described:

N
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Tributary Area Theory

This is the simplest analytic technique, utilising the
assumption that each pillar is loaded by the vertical column
of overburden that is tributary to that pitllar. The load is
calculated as an average pillar stress., therefore the stress
variation within the pillar is not accounted forffiﬁ\example
calculation for the square pillér layout in Figure 2.1 is

shown below:

Opa = Oy ((Wo+Wp) /Wp)?
opa =‘Average pillar stress
o, = Pre—mining vertical stress
Wo = Width of opening
Wp = Width of pillar

inis ec ~tion is a simple force balance for use in flat

seams where the vertical normal stress is a principal stress

direc: “or “ould not be used for workings that do not
extend ovzr 2ient lateral extent, relative to depth
(such the a effects to the abutménts are present), or
for pilizrs “f= orox'mit, to large abutment pillars.

Beam Def ‘ectior ‘he . .es

Beam theorie:c .nc 2 be used wshen a roof arching effect
is present. They alsc =-z2cle "e non-uniform stress

distribution across the pillar - be calculated.



The immediate roof strata are assumed to consist of one
or more elastic beams (two-dimensional problem). which span
the area of interest. In three-dimensional analysis the
beams are replaced by plates, but the theory is similar. The
beams are loaded by the overburden, which is assumed to
proQide a unifofm load. ihe load is re-distributed onto the
piﬁlars, which are assumed to be elastic. The loading of the
beam is transferred to the pillars, producing support
reactions. Beam theory is.used to obtain stresses, by
assuming that the pillars respond»in a similar manner to
elastic foundations. Two-dimensional analysis is considered
to be adequate when the length of the beam in the third
dimension is greater than twice the span.

Equations have been develioped to satisfy different end
constraints, beam interactions and beam thickness. For thick
beam analysis (Sheoréy & Singh, 1974) the beam thickness ié
assumed to be greater than one fifth of the span, ofherwise
thin beam ahalysis (StepHaston, 1971) is employed.

Beam theory provides é better understanding of pillar
stress distributions than the tributary‘area theory, and
should be used when the pillar configurations aré not
constant. There are many assumptions adopted to define the
roof strata beams and their end constraints: which require a
high degree of engineering input and experienced judgement,

to obtain meaningful results. Beam theory is applicable
where‘roof strata beds are homogeﬁeous, and can withstand

tensile stresses. Sedimentary coal measures strata are



usually weak, bedded and non-homogeneous f{as a result of

Jointing), which reduces the applicability of beam theory.

Elastic Analysis

There are a number of analytical solUtions in the
theory of elasticity which can be related to underground
openings. They are usually restricted to two-dimensional
plane stress or plane strain analysis. The material is
usually assumed to be an infinite, homogeneous, -isotropic,
linear elastic continuum. Simp]e opening geometries, which
are usually ;ligned with the»principal gtress field, have
been éolved. Multiple openings can be simulated by combining
resL s from single openingsi The overall stress
distribution is produced by summation of the distributions
for each individual opening, utilising the principle of
superposition. This method can belused to produce 3-D
‘solutions by combining 2-D solutions in transverse planes.

Solutions for sjmple problems will not be presented as
they can be found in many texts on rock mechanics and
elastic theory (Timoshenko & Goodier, 1870; Hoek & Brown,

1980 and Coates, 19677.

2.1.2 Pillar Strenath Criteria

Prediction of piliar strengths is difficult, primarily
because of the non-uniform nature of the pillar loading,
resulting in complex failure mechanisms. High stress

concentrations on the sides of non-yielding pillars are

Y



generally encountered. Local failures are initiated in these
regions as a result of low confining stresses. As the
perimeter fails, the load is transferred towards the central
core, increasing stresses within this region. The central
core is more confined than the perimeter, and is therefore
able to withstand higher stresses prior to failure. The
pillar strength is usually defined as the maximum stress
that it can support, and does not account for local failures
(Wilson & Ashwin, 1972).

The pillar streﬁgth is a function of the materig]l
properties, its size* shape, end constraints and loading
conditions. The estim%tion of pillar strength is usually

|
under taken by loading|small pillars to failure, and by
[

applying size and sha#gkcorrection factors to these results

Pillar Size Factors

Compressive strength results are usually obtained by
testing drill core samp}es or -small coal pillars. Core
samples are usually taken from the stronger coal seam
material, betau of the problems associated with the
preparation and handling of the weaker portions. These
samples have fewer weakness planes and discontinuities than
the real pillar, and therefore tend to have a higher
sfrength.

Much work has been done in attempting to define the
relationship bgtween size and strength. These results have

been summarized by Hustrulid (1976), and a formula has been



" derived which seems to fit the available data qQuite well,

For model pillars less than 3ft. (0.91m) in height:

o _ = kK/VH
c
0. = Cube compressive strength
k = Constant for each coal
4

(compressive strength of a 1 inch cube)

H = Pillar height (inches)

For pillars with dimensions greater than 3ft. (0.91m), the
cube compressive strength is essentially constant and is

defined by:

Therefore the pillar cube strength can be defined as one
sixth of the compressive strength of a one inch cube, as
mine pillars always have dimensions greater than

3ft.(0.91m).

Pillar Shape Factors

The compressive strength of rectangular pillars have
been investigated, and found to be a function of their
shape. Consequently, the relationships derived have been
defined with respect to the width and height of the pillar.

The majority of results indicate that ere is a linear
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relationship between the pillar compressive strength and its
width to height ratio. Hustrulid (1975; has analysed these
results and found that one equation can be used which gives

a reasonable fit to the majority of available data:

o =0 (0.778 + 0.222 W/H)
p c
o = Pillar compressive strength
o, = Cube compressive strength

H = Height of pillar

W :\Width of pillar

These results 1ﬁdicate that mine pillar compressive strength
for a particular coal is linearly dependent upon the shape
factor alone, as the cube compressive strength of mine
piliars may ofteﬁ be assumed to be constant. Most of the
studies have heen undertaken.on small samples, which may not

necessarily reflect the relationship for the real mine

pillars.

2.2 Opening Span Stabilities

In room and pillar mining the pillars are delineated by

the openings, consequently the sides of the openings are
also the sides of the pillars. Therefore this description
will only address the stability of the roof and floor
strata, as the pillar stability has already been discussed.

Only rectangular openings will be considered, as they are



1"

common to room and .pillar coal mining. [f the span is found
to be unstable, then support must be installed to maintain

stability.

L
2.2.1 Roof Stability .

koof strata can be analysed by using beam theory, as
described previously fqr pillar load calculations. The
analysis can be simplified, as failure is expected to be
initiated at the centre or abutments of each spanl Therefore
only the stresses and dispiacements at these points are
required. Expfessions for the maximum normal and shear «
stresses are given by Duvall (1976) for a gravity loaded
beam c lamped at both ends. For beams with'a sp?n to -
thickness ratio greater than five t(re maximum tensile
stress 1s more than three times (- maximum shear stress.
The tensile strength of rock is usually much less than the
compressive and shear strengths, and therefore a design

formula is derived based on the tensile strength:

T = Y.F.L2/2.ot

»t

T = Thickness of beam

y = Unit weight of rock
F'= Safety factor

L = Span length

0, = Tensile strength

t

A
The safety factor in tension sh?uld be between 4 and 8



fDuvall, 1876, From this quation a required foof beam
thickness can be calculated. and if this beam is not
present then'a composite beam should be formed by boltfng
rock layers together .

Where high horizontal stresses are present, design on
the basis of tensile strength may not be applicable. Tensile
stresses will be reduced. and may even be eliminated. In
these cases the design should be based on the shear or
compressive strength of the strata. Strata failures
.resulting from high horizontal stresses have been observed
by Parker (19721, These include shear failures close to the
abﬁtments of the opening., and compressive failures at the
cer ~e of spans.

- Where analysis of structural geology indicates that
Jointing may cause problems. it may be necessary to design

supports to stabilise any wedges formed in the roof. These

wedges can be defined by plotting stereonet projections of

[

joint systems and bedding planes.

2.2.2 Floor Stability

Floor stability problems occur when weak, thinly bedd;d
strata are enountered. The competence of floor beds is
usually reduced when water is present. Floor failures
usually indicate‘that high horizontal stresses are causing
buék]ing failures of thin unconfined beds. These failures
are enhanced when pillars load the floor strata beyond its

bearing capacity. The combined failures result in floor



migration into the entry (floor heaved. This is usually a
time-dependent phenomenon, but in highly stressed regions
closure of excavations can take place in a matter of days.
Floor heave is difficult to predict, as it results from
both floor beam failures into the opening and floor failures
below pillars. The interactions between pillar ;nd floor are
not well understood, as complex behavioural mechanisms are
present. As a re&y]t analysis is usually based on past
experience and engfheering judgement. Floor heave may be

controlled by reinforcement of floor strata (e.g. rock

bolting), or by reducing the pillar stresses close to the

opening.



3. MODELLING TECHNIQUES

The simulation of reality by various modelling techniques is
discussed, together with their applicability to various mine
situations. The techniques that will be adopted in this

study are described in more detail.

3.1 Numerical Modelling Techniques

A4

Numerical modelling techniques have developed rapidly
after the advent of the digital computer, which enables many
repetitive computations to be performed on large quantities
of daté. This allows the simplification of complex problems
into a series of discrete units which have known solutions.
These discrete units are ana]ytidally independent, but are
cbnnected to form the complex problem, and a solution is
obtained by satisf ‘ng defined boundary conditions.

In ana]ysing ptiysical structures in rock the ''‘=crete
units may be boundary elements, finite elements or ulocks.
EacﬁieIement or block is defihed as having a prescribed
relationship between ;tress and strain, or load and
deformation. The combination of these units simulates the
overall mine structure. The approximation introduced by this
digcretisation is usually adequate for engineering

applications.

3:.1.1 Finite Element Method

With the finite element method the rock structure is
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divided into a series of elements which are connected at
nodal points to form a framework. In two-dimensional
analysis these elements are polygonal (commonly triangles or
quadrilaterals), and are assumed to have unit thickness in
the third dimension. Forces or displacements applied to the
element nodes produce stresses and c.rains within the
element, which are translated into displacements at the
nodes. The elements are connected together at the nodes to
form a continuous structure. The forces and displacements
must be compatible at each node. The relationship between
forces and displacements is defined by a series of equations
which depend upon the material parameters, the element
geometry, and the degree to which the strain is permitted to
change across‘the element. A system of equations is produced
which is solved to satisfy the boundary conditions.

The elements should extend beyond the area of interest,
such that boundary conditions can be specified that do not |
interact with the mine structure. Planes of symmetry are
often utilised to define boundaries and reduce the number of
elements that arevbéQUired to define the problem area. The
method produces continuous variation of stress and strain
within é]ements, but not bé{ween elements. In order to model
the real situation with sufficient accurécy, a hﬁg%er
element density is required in regions of rapid stress
variation, such as excavation boundaries.

The advantage of using a discrete structure is that

different parameters can be assigned to each material type,
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such that the physical structure is more completely defined.
More complex rock mass behaviour can be modelled by using
special elements (e.g. for joints) or complex material
behaviour (non-1linear elastic, elasto-plastic, visco-plastic

Oor no-tension analysis) (Zienkiewicz, 1977).

3.1.2 Boundary Element Method

Thg boundary element method involves the discretisation
of thé'boundary of the excavations alone. Integral equation
methods are used to produce a fully continuous solution for
the stress distribution over the whole area (closed form\
solution). This results in a much smaller system of )
equations than the finite element method and a consequent
reduction 1 computer time and data preparation. The major
disadvantage of the boundary element method is .that it
usually requires the rock mass to be homogeneoué. and have
linear elastic properties. It is possible to define zohes
with different physical properties by developing special
interface elements (Baner jee, 13976}, but the technique

requires further development.

3.1.3 Block Models PN

Block models can be used to simulate blocky or jointed
strata as a discrete system of rigid blocks. These blocks
interact with one another at edges and corners, where force.
and displacement cdnditions are sat{sfied. The system is

solved by analysing the forces, displacements, velocities
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and accelerations of blocks for incremental time steps until
equijibrium is attained.

Cundall (1871) has developed a computer model to solve
a class of low stress, strong rock problems; where block
internal stresses are not important, and large displacements
are to be expected. In reality, blocks delineated by joint
systems probably only contact at a few points and thus the

analysis of these contact forces have practical validity.

3.2 Numerical Proaram (DDSEAMS) Adopted

A boundary element program (DDSEAMS) was used in this
study (Crouch, 1976), which is described in Appendix 1. The
numerical techAmique involves using displacement
discontinuity boundary elements and solving the system of
influence coefficients for the defined boundary conditions.
The program was tested to ensure that it was operating

correctly, before being applied to any mine model 1ing.

3.2.1 Analvytical Solution Comparisons

In order to check the program for any computational
errors, and to give an indication of the accuracy of the
analysis technique, a simple coﬁparison was carried out
between the DDSEAMS program output and the closed form
solution for a thin crack in a triaxial stress field.

C]osgd form solutions for flat cracks (slits), in an
infinite, homogeneous, linear elastic, isotropic continuum,

exist for various crack geometries and stress conditions.
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The-solution for a flat elliptical) crack was chosen for
comparison; The long‘axis being of infinit; length in the z
direction (Figure 3.1), in a three-dimensional stress field.
This solution simulates the plane strain condition, which is
calculated using DDSEAMS with the material parameters chosen

to simulate an isétropic continuum. The analytical solution

takes the following form (Bray, J.W. unpublished noteé):

(a) Along the x axis:

oy = Py(kx—l) + Py
= A .P

OY Xy
6. = 2.v.P_(A_-1) + P
z y 'x
T = XA _.P

Xy x'Txy
T = A .P

vz X Tyz
Tox © sz
Xx = 1/V/w?/4x2

1

~

(b) Along the y axis:

o =P (2. -Ad -1y +p
X y( Ay Ay ) X
=P .2} ' -
% T Tyhty
Oz = 2.v.Py(Ay - 1) + PZ

= P 2.4 - A8
Txy xy (2:2y = Ay)



Tyz = Ay'Pyz r
Tzx ~ sz
A, = 1/Vw?/4y?

Y

(c) Along roof and floor:

-Qy =0

o, =P+ v(ox - P - Px)
Txy‘= 0

Tyz =0

. - b _ X.y Pyz

% Ve T T et e

(d) At edge of crack (sides):

g =0
X
g, = o©p - P
Y Y X
cz =P + V(P - 2.Px)
Txy =0
Tyz - mPyz
T =0

19
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Normal stress in x direction

2
i

Normal stress in y direction

L
i

Normal stress in z direction

o2
1

Shear stress on x plane in y direction

o
<
u

= Shear stress on y plane in z direction

e
N
|

Shear stress on z plane in x direction

~
i

v = Poisson's Ratio
P, P  P_ = Field normal stresses
X Y Z

p sz = Field shear stresses

P
Yz
w = Width of slit

(H/w is assumed to tend to zero)

A simple program has beenlwrftten to calculate some of the
solution results. The listing of program (CRACK) is
presented in Appendix 2, together with an example of the
output.

A run of DDSEAMS was made, with similar conditions to
the analyfica] solution, using a total of eighty elements
(forty‘for the crack). Isotropic material parameters were
used in the solution, and the comparison of results for the
vertical stress component (O} ) is presented.grapﬁically in
Figure 3.2.

The most important stress component is the vertical
stress, as this indicates the pillar and abutment loading.
As can be seen from Figure 3.2; deviation of the results

from program DDSEAMS and the analytical solution, does not
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0/

exceed 10%. The greatest deviation occurs close to the
opening, where the boundary element approximations will have
greatest effect. Considering the engiﬁeering applications of
program DDSEAMS in mine design, this deviation is
acceptable. This program has gréatest benefit in é?bviding

comparisons between alternative mine layouts.

3.2.2 Program Optimisat ion

]

A number of similar runs of program DDSEAMS wef§ I
simulating identical single span conditions, but with
different numbers of elements defining the spans. The
resuﬁts of these runs are summarised graphically in
Appendix 4. ’

In general the smaller number of elements that are used
to define thesspan, the greater is the over-estimation of
-sfresses and displacements. As the number o% e]ehents (NSEG)
is reduced from 40 to 10 for the span, there is almost no
difference between the results. With a 6 element span the
errors are more noticeable, but still within approximately

10% deviation from the 40 element span (these results are
presented in Appendix 4 for Run Numbers 1 to 4). This means
that for the purposes of mine design a 6 element span is
acceptable. For greater accuracy a 10 element span will give
results that are very close to the 40 element span results.

The results are.only given for x co-ordinates at the
centre of each element, as this is the position for which

the solution is derived. Greater detail of the stress,

.’.\
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strain and displacement distributions requires a larger
number of elements, to increase the number of interné]

points calculated.

3.2.3 Simplified Mine Layouts

This section contains the analysis of a simple mine
design problem, The analysis is restricted to the variation
of three parameters’, to facilitate greater understanding of
the problem. In reality a com%rehensive design appqoach
would include the analysis of additional paramelen;, and the
use of other analysis methods for comparison.

The particular problem analysed is that of twin
headings (rooms) driven parallel to each other for the full
height of a flat seam {(Figure 3.3). The first four program
runs (Runs 06, 07, 08 & 09) investigate the effect of . '
variations in the width of the central pillar on the
stresses and displacements (all other parametérs held
constant). The last two runs (Runs 10 & 11) investigate the
effect of variation of elastic paraméters for the seam and
country rock, with the geometry the same as Run 08. The
input data for these runs can be seen in Figure 3.4. The
horizontal stress has been assumed to be 1/3 of the vertical
streés by considering the elastic material to be loaded by
the overburden with lateral constraint preventing horizontal
strain. The graphical output from theée program runs can be

seen in Appendix 4 (note that metric units have been used R

after Run 06). The stress components for the Run 08 results
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%
are presented inmfigure 3.5, where they may be compared
directly to the physical layout. These diagram§ show three
of the major parameters of concern; the vertical stress
within the seam, the borizontal stress, and the';hear stress
within the immediate roof span.

Diagram A (Figure 3.5) clearly shows the increase of
stress within the central pillar and the span abutments. It
1s interesting to note that the maximum stress (pre-failure)
within the pillar .occurrs at its sides, .and not at the
centre (this has been demonstrated by Wagner, 1974). The
average pillar stress is 15.0 MN/m? greater than the initial
stress stafe of 25.0 MN/m2?, an‘increase of the average
pillar vertical stress by 60% 9f its initial state.

Diagram B (Figure 3.5) indicates the reduction of
horizontal stresses within the immediate roof (1.5m above
the top of the seam), and the appearance of tensile stresses
above the pillar. Tensile stresses are very undesirable in
mine structures, as most rocks have low tensile strength.

Diagram C (Figure 3.5) shows the shear stress developgg
within the immediate roof (1.5m above the top of the seam).
The maximum values occur above the pillar and side
abutments. These are potential roof failure zones
(especially with weak, thinly bedded strata), where beam
type failures are common. The combination of tensile
stresses, together with hig shear stresses above the pillar
sides, creates a potential failure zone. The important

results from all six runs are tabulated in Figure 3.6.
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Analysis of the pillar and abutment stabilities,
reqgquires Knowledge of the pillar strength characteristics.
The vertical stress on the pillar can be compared with its
estimated strength to calculate a safety factor. |f an
acceptable safety factor is not achieved, the pillar will be
regarded as being unstable. From physical considerations the
small pillar (width 1.5m) in Run 09 would normally be ‘
classified as unstable, because of its Jow width to height
ratio (0.5).

The design of stable spans for openings is often
undertaken utilising past experience, and observatien of
—.eXperimental openings. These analyses do not take into
account the interactions with adjacent openings, as have
been investigated here. A simple analysis can be undertaken
by estimating the stresses within the immediate roof {1.5m
above the top of the seam) . The horizonta] and shear
stresses at the abutments and pillar s1des are the major
factors for consideration. Where spans are large, the
stresses and displacements at the centre of the span mav be
more important, as there is no vertical support for any
" failed :Zgion. The results in Figure 3.6 1nd1cate that
"tensile stresses, together with high shear stresses,may
create instability around the 3m pillar (Run 08). These
tensile stresses are not present 1n the roof above the 6m
pillar (Run 07) and 1nd1cates that the 6m pillar may give a
satisfactory span stability,

Variation of the elastic moduli o+ ."e seam and country
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rock, were analysed to determine the sensitivity of the mine
structure (Run 08 - 3m pillar). The effect on the pillar
stability was the same for the two Runs (10 & 11); doubling
the country rock stiffness, or halving the seem stiffness,
reduced the average pillar stress by 5.4 MN/mg. The effect
on roof span stresses and displacements was very small for
the seam stiffness vériation, but fhe increase in country
rock stiffness reduced the displacement at the centre of the
span by 35%%.

This simplified analysis iﬁdicates that both pillar and
roof span stabilities are influenced by variations in the
physical layout. Variations in thevmaﬁeria1 constants have a

significant effect on pillar stability and a marginal effect

on roof span stability.

§J2.4HFa1sg Roof Jests )

It has beén suggested (Crouch & Fairhurst, 1973) that
layered strata with varying mechanical properties, can be
modelled with unmiﬁed coal seams. Because of the nature of
the numerical model used, the validity of this hypothesis in
modelling false roof conditions was tested. A false roof
refers to the existence of an immediate roof stratum with
different mechanical prc :rties than the surrounding rock.
The results of Run 16 (identikal to Run 08, except that a
false roof has been modelled “another seam), can be seen
in Appendix 4. Run 16 has a false roof with méchanica]
properties that are 100 times stiffer fhan the country rock

]
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values.

The particular simulation is of a pillar, delineated by
an opening on either siée. The creation of these openings
increases stresses within the central pillar. These stresses
should be reduced in Run 16. as a result of the stiffer roof
beam. The investigation of the vertical stresses at the
centre of t%e pillar is adequate. as thex}are linearly
dependent upon the glosure between nqgf/énd floori Both dets
of results indicate a vertical stress ;f the. centre of the
pillar of 39.4 MN/m?, and hence the modelling of layered
strata using coal seams 'is not a valid practise. Upon
s tudying the nature of the numerical model, these findings
can be readily understood. A coal seam 1s modelled by.
creating a hypothetical crack that has the top and bottom
attached to one énother by elastic springs. Upon excavating
portions of the seam, these springs are removed, théreby
remc ing the reactions between roof and floor. The inducéd
stfess distribution is created by the disp]acements which
take place on these crack gﬁrfaces. Therefore the presence
of a seam does not change the mechanical properties of the )
country rock, but only the dfsp]écements which také place on -
the crack surfaces. For a seam which has mechanical
properties of infinite magnifude one would éxpect that no
disblacemegts will take place ?n the crack fU"faces, and
consequ‘ ~tly there will be no induced stresses. The

conclusion is that coal seams cannot model strata that are

stiffer than the cauntry rock.

t;}l

\\
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3:2.5 Multiple Seam Problems

This section will investigate the interaction between
excavations and pillars in two adjacent seams. The results
demonstrate’the validity of the numerical technique and
illustrate simple interactions.

Runs 14 & 15 model two seams which are relatively far
apart, each having twb openings and one central pillar. The
efféct of offsetting the pillar in the lower seam is
investigated and the graphical resQlts are preseted in
Appendix 4. The physical positions of these two seams can be
ééen in Figure 3.7. The in-seam vertical stresses are most
sensitive to the interaction mechanism, and are presented .in
Figure»3. or.;ﬁécific positiohs. It can be seen that the
two seams are sufficiently far aﬁart, in comparison to the
excavation size, so that vertical stress changes as a result
of interactions are small.

The seams were moved closer in Runs 17 & 18 (Reéylts in
Appendix 4) to increase the interaction effects. The
physical structure, and major‘vertica1 stress values for the ;
upper seam are shown in Figure'3.8. The vertical stresses
are transferred to th% right abutment in the upper ‘seam, as
,‘the lower seam openingg,are moved to the left. This results
from the lbcation,of the right excavation in the upper seam
above the right abutment zone in the lower seam. This
increase in the abutment stress is 12.5%, illustrating the

adverse effects of offsetting mine structures in contiguous

multi-seam mining.
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3.3 Physical Modelling

Problems associated with mine structures usually
involve some type of rock failure mechanism, that is
difficult to simulate with numerical modelling techniques.
As in all rock mechanics problems, tHe most important
factors for‘consideration are the'rock mass parameters, and
the recognition of the failure mechanisms jnvolveg. A
Sedimentary rock structures are usually discontinuous,
becaQse of the presence of bedding and jointing. Physical
modelling teéchniques have been déveloped to simulate the
complex behavioural mechanisms which are associated with
these strata types.

In physical modelling there are t;o basic problems; the
simulation of the initial stress state‘by'the loadihg |
conditions, and the rock mass behaviour. These two problems
are interrelated because of the limitations of some loading
methods, especially those involving body forces where the
use of weak model materials is necessary. Loading conditions
can be simulated by utilising friciion, gravity, momentum or

direct pressure.

3.3.1 Model Materia]s_

The varieties of model materials are numerous
(Stimp&on, 1970) and they seldom model the real‘rock mass
behaviour perfectly. The material is usually éhosen to model.
the parameters which . are considered to be of majo?

importance. Selection of scaling parameters is dependent
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upon the predominant behaviour: Young’ s Modulus and
Poisson’s Ratio for modelling elastic deformations,
compressive and tensile strengths: for modelling plastic
deformations (and failure), dilatancy and friction angle for

modelling discontinuities.

3.3.2 Loading Conditions

Direct pressure is usually employed when biaxial or
triaxial conditions are simulated. Difficulty ig associated
with producing boundary loading conditions that are capable
of differential displacements whilst still maintaining
uniform loading. This problem arises from the'ghysical
];mitations of‘producing a model that has the boundary
sufficiently far from the mine structure to avoid
interactions.

Body forces provide a means of réducing the effect of
the boundary by loading each individual mode]l element. in
proportion to its mass. Gravitational loading is
proportional to density, which is difficult fo vary, and
usually affects other mode]l parameters. Centrifugal lToading
involves rotation of the model to induce angular
acce!ération forces and provides the means of varying the
loading conditions independent of the model material.
Impulse loading has been used by vibrating the model in a
controlied manner, but this produces cyclic loading
conditions and is more suitable for earthquake or blasting

v}bration simulation. Base friction loading is coﬁmonly
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employed as it allows more control over the model material
preparation, and the ability to stop and start the model
test at any point (Goodman, 1976). The body forces are
simulated by the friction between the model material and its
base. The friction forces may be varied with material
density, base friction factor, or by loading a plate placed °
over the material.

Special conditions may be simulated by combinations of
different loading methods. Models .usually simulafe
two-dimensional plane stress conditions, because of the ease

of preparation and observation of %he mode ] response.

3.3.3 Scaling Factors

In model studies, it is not only hecessary to scale the
physical dimensions, but also other independent parameters
involved. Based upon dimensional analysis, the.following

equations can be used to match the scaling factors:

(oLg/E)

(PLg/E)model

actual

(E/O)moael = (E/O)actual

p = Density

ﬁ = Characteristic length

g = Gravitational acceleration
E = Young's Modulus

0 = Stress conditions
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Strength scaling is usually matched to the geometric
scaling, -or to the loading conditions. ‘Dynamic similitude is
not obtained in base friction modelling, but this is not
usually considered to be important in studying excavation

stabilities.



4. STABILITY DESIGN CONCEPT ADOPTED

The concept of utilising stabilityv analyses for routine mine
design problems is presente ‘ugether with a discussion on
their applicability to real min situat® ... Emphasis will
be placed on the numerical modelling technique utilised
(DDSEAMS program); as such techniques become more powerful,
their use as‘routine design tools will increase. The
limitations of this approach will not be overlooked, bpt the
potential for future development should not be clouded with

excessive criticism of present capabilities.

4.1 Stress Distributions

Mine geometries can be seldom simplified to apply
techniques such as the Lfibutary area theory, especially
when multiple seam mining is undertaken. The numerical
mode]]ing technique adopted was used to analyse the
interactions induced between mine openings. The particular
program used is a two-dimensional fgrmu]ation, but it could
be adapted for three-dimensional analysis. Elastic analysis
is used, as this allows a boundary element technique for
‘fgéam modelling. This reduces the input data by one dimension

(f.e.»the 2-D analyéis only requires 1-D input data on
opening geometry). The real behaviour of the\rock mass is

usually unknown, therefore it is not necessary to undertake

a more complex analysis.

32
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4.2 Pillar Stability

The pillar stability is a factor of the complete
stress/strain (load/displacement) gparacteristics of the
pillar. The—numeﬁical model assumes the pillars to be
elastic and thereféfe>localfsed failures résulting in stress
re-distributjoﬁs are not accounted for. Hustrulid (1975)
presents pillar compressive str-gth criteria based on
empirically derived size and :* factors (section 2.1.2).
The pillar strength is equ.valent to the maximum averaée
stress that the pillar is able to withstand, and therefore
localised failures are empirically accounted for.

Individual pillar stability can be estimated by
assuming that the average stress on the pillar is equal to
the average stress predicted by‘fhe numerical model. A
safety factor is then defined as the pillar strength divided
by the average pililar s}ress. If @he safety factor is
greater than 1.0 then pillar failure is not predicted to
occur. Pillar failure is pred:-ted for safety factors less
than 1.0, but then the actuél value has no physical meaning.
Stress re-distributions in the overall structure occur when
pillars fail, and these are not accounted for jn the

) /
numerical model. g

4.3 Strata Stress Criterion
There d?é’a number of failure criteria that define the

str;ngth and failure mechanism of/competent brittlie rock in
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tﬁiaxigl\ESTPression. The linear Mohr/Coulomb failure theory
will be discussed (Kidybinski & Babcock, 1973), as the
failure envelope is assumed to have a linear relationship
between shear and normal stresses. The stress state can be
defined by drawing the Mohr circle-intersecting the norma |
stress axis (zero shear stress) at the ma jor and minor
principal stress values: An example of a failure enve lope
and a. stress state can be seen in Figure 4.1. Failure takes
place if the Mohr circle intersects or touches the failure
énvelope. The definition of the relative position of the
Mohr circle, with respect to the failure envelope, can be
used as a basis for assessing the sdability at a point,

In attempting to define the stability of a particular
stress state the stress path to failure must be defined
(Kidybinski & Babcock, 1973). This path is unknown, and a
criterion that involves uniform exbansion (or contraction)
of the Mohr circle is employed. Thus a streés}criterion (SC)

was developed from Figure 4.1, given below:

S 8C = (Q-R)/Q = 1 - (01—03)/Sin¢.(cl+c3+2.C/Tan¢)

SC = STRESS CRITERION

Q = Distance from centre of Mohr circle to envelope

R = Radius of Mohr Circle

0, = Major Principal stress
04 = Minor Principal stress
¢ = Internal friction angle

Cohesion

Q
n
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This gives a value of zero when the point of failure is
reached, is positive when conditions are stable, and
negative when failure has been exceeded.

If a safety factor is required it can be obtained from:\
Safety Factor = 1.0 / (1.0 - SC)

The use of the stress criterion derived is adequate for
defining stable and unstable condit}ons at a point. A smal]
computer program*(PSTRESS) was deve loped fo read thé results
from the DDSEAMS program and calculate the principa’
stresses and stress criterﬁon. The program listing a. .

sample output are presented in Appendix 3.

4.4 Discussion of Desiagn Concept Limitations

Some of the analysis limitations are discussed in thg
fo]iowing chapters, together with comparisons between the
numerical model, two physical models and an undergroundy
phenomenological study. The major limitations & d
suggestions for avoiding these are presented ~ t...s
section.

Criti;al analysis of the adopted approach rejuires
understanding of reality, and relating this to the model1ling
simplifications. If insufficient data is available on the
rock mass parameters and post-failure behaviour, then

complex modelling using assumed values is inapplicable. In

any analysis the quality of the output can never be better
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than the gquality of the input.

Previous work (Ortlepp & Cook ,1964: Ortiepp & Nicoll,
1964 and Salamon & Oravez, 1970) has indicated that
stratified rock masses can be simulated as linear elastic
bodies with reasonable accuracy. Starfield & McClain (1973)
have investigated non-linear behaviour (creep) in salt
piliars, loaded by an elastic rock masg, and achieved'
acceptable results. These results indicate that if,
non-1linear behaviour in the proximity of the mine structure
is modelled, the remainder of the rock mass car be assumed
to be linearly elastic The remaining problem is to define
the non-linear .nd ;t-fai1Qre baaviour of the rock mass
in the vicinity ¢~ e mine structure. The modelling of
these areas is more suited to finite element techniques
(Kidybinski & Babcock, 1973), as different parameters can be
allocated to regions accordiéé to the pre-defined dégrees of
failure. The boundary element program formulation may be
adapted to model non-linear behaviour within the seam, but
the country rock must have a linear elastic behaviour.

The advantage of using the DDSEAMS program is that the
sensitivity of the mine structure to parametric and
geometric variations can be investigated relatively easily.
The choice of a preferred geometry can be made, on the basis
of defined factors (e.g. minimising uns able regions), by
analysing various mine geometries. If ipe analysis indicates
that failure will occur, then the results will not be a true

model of reality. The occurrence of failures involve stress
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redistributions that are not accounted for in the numerical
model. A more accurate prediction cah be obtained by finite
element analysis or physical modelling with correct
similitude.

Back analysis techniques should be used wherever
possible to ensure that the model adequately simulates the
real rock mass. Where time dependent behaviour is
encountered a further dimension is added to the problem,
greatly increasing the complexity.

The strata stress criterion only indicates potential
failure zones, and not the stability of the overall
structure. Therefore it does not define the final failed
regions, as stress re-distributions as a result of'failure
are not accounted for.

Pillar safety factors are adequate for stable
conditions (all pillar safety factors greater *han 1.0). If
any pillars have safety factors less than 1.0, the values
for the remainder of the pillars do not account for the

stress re-distributions that will occur.



D: MULTI-SEAM STUDIES

A comparative study was undertaken to mode] more complex‘
multi-seam interactions with the numerical technigque and
compare the results with two physical models and an
underground phenemenologich study. No suitable mine data
was available, consequently the simulation presented was
designed primarily for physical and numerical model
comparisons. The layout presented is based upon an operating
mine at Grande Cache, Albe ‘a. The upper seam position has
been moved closer to the lower seam, to match the dimensions
of the physical model apparatus, and tovincrease the seam
interactions. Therefore the model geometry is not a perfect

representation of the actual mine situation.

5.1 Numerical Model

e The geometric layout for the model is presented in
Figure 5.1, where large openings have been excavated in the
lower seam to simulate de-pillaring operations. Openings in
the upper seam have been 1nttoduced to simulate development
work concurrenf w1th undermining operations. The results for
the 'two seams are presented graphically in Figure 5.2 and
Figure 5.3, together with the input parameters .

A grid system of data points was set up, and the
analysis results from these points were-used to develep a

‘series of contour plots of major resU]ts. These contdur

plots only depict the resQlts for the country rock. The ”

38
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vertical and horizontal stress contours are presented in
Figure 5.4 and figure 5.5 respectively. The analysis results
were used'as input data to the PSTRESS program and principal
stress, maximum shear stress and stress criterion values
were produced. Contour plots of major principal stress,
minor principal stress, maximum shear sfress and stress
criterion values are presented in Figure 5.6, Figure 5.7,
Figure 5.8 and Figure 5.9 respectively. a’contouring pacKégg
available at the University of Alberta (Surface Il)ywas uses\\
to produce these plots. The smoothness of these plots is a
function of the coarse grid pattern adopted. The potentially

unstqbféaaféas predicted by negative stress criterion values

are shaded in Figure 5.9.

- The vertical stress contours (Figure 5.4) indicate the

{:aﬁbeQMS‘ sses as a result of excavating thé mine.
openings:ijmkigitial vertical stresses at the upper and
lower seém deptgg"are 11f5 and 12.5 MN/m2 respectively. The
high stress gradients at fﬁé’bi?lar abytments are evident
(the smoothness of.the stress contours in“fhese regions is
reduced because of fhe contour package used). The vertical
stress relief above the openings is more pronouncea,above
opening No.4 in the lower seam, as a résult;of opening No. 1
located above it in the upper seam. The average vertical
‘stress on the pillars (tabulated on page 48) indicates that
the;éMall pillar Qgtween openings 3 and 4 has an average
vertical strésskg% 33.0 MN/m2. If this average stress had -

!

been estimated by the triﬁuiary'area thebry,,then an average
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stress of 60.4 MN/m? would be expected. This indicates the
improved stress prediction capabilities of the numerical
model which acéounts for the proximity_of the abutments.

The horizontal stress contours (F;gure 5.5) also
indicate the stiress relief above the openings, but to a
lesser degree thﬁﬁ the vertical stress relief. High ..
horizontal stress gradients below opening No.1, combined
with low vertical stresses, indicate potential instability
that is confirmed in the stress criterion contour plot. ;

The major principal stress contours (Figure 5.6) and
minor principal stress contours (Figure 5.7) indicate tha.
the horizontal stress’is the major principal stress in zones
of vertical stress relief. In zones of high vertical stress
the vertical stress is the major principal stress'.

The maximum shear stress contours (Figure 5.8) indicate
the high shear stress gradients at the corners of openings.
These are also predicted by the stress criterion to be areas
of potential failure. The stFéss criterion is based on
‘intact rock shear failure and therefore the maximum shear
stress is the major variable whi&h indicates possible
failure gones. However,‘it.does not allow for the influence
of the principal stresses and therefore does not give a
complete indication of the potential for failure.

The stress criterion contours (Figure 5:94 gives a much
improved prediction of over-stressed regions. The
over-stréssed region below opening No.1 is evident, and thié

region has not been predicted to beAgver-stressed by the
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maximum shear stress alone. The small over-stressed zones at
the extrfmities of the upper seam are a result of boundary
condition limitations of the numerical model.

The material strength parameters have been simplified

to give zero cohesion and internal friction angles given

below:

Material Location - Internal Friction Angle
MUDSTONE above top seam 30.0¢

SILTSTONE between seams 32.0¢

- SANDSTONE below lower seam "35.0¢

.

These assumptions were made on the basis of published data
(Hoek & Brown, 1980) for these rock types, as no test data
was available. The internal fridtion angle was taken from
. the tangent to the failure envelope at a confining stress

equal to 50% of the uniaxial compressive strength.

5.2 Base Friction Mode]l

One base friction model run was made, primarily to
investigate the caving characteristics of bedded strata.'fhe
base friction apparatus consists of an electrica]]y driven
sand paper belt (Plate 1). A flour and methanol mode]l
material was used, that was easy to prepére and cut..Ihe
layout prior to excavation (Figure 5.10) is similar to tgf
numerical model, except that an additional opening was made

in the upper seam. The model material is stronger than the
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stresses imposed by the base friction loading, and therefore

" failure along discontinuities is predominant. The

horizontally bedded strata were modelled by cutting beds at
5.1cm intervals, wfth two~3.80m beds above ihe lower seam,
and a seam thickness of 5.1cm. The real height of the
opening is 2.5m, representing a geometric scale factor of
1/69. The development openings in the upper seam were
excavated first, followed by the two openings on the right
hand side of the lower seam. The main openings (No.3 and
No.4) in the lower seam were then excavated with no

significant displacements till the openings reached their

~full spans (Plate 4). The initial roof failure occurred

above these spans; with the two immediate beds faiTing and
LHignificant bed separation of the two above: The small
ceﬁpra] pillar in the lower seam was then excavated, to
simulate failure, and the resultant cave is shown in
Plate 5. Significant bed‘separation up to six beds above the
lower seam was observed, with the subsidence profile in the
upper strata well pronounced.;A cave angle of app- wate1§
7N° was observed at both abutments.

The base friction model is very qualitafjve and cannot
« used t¢ accurately predict the real situatjon. However ,
it does serve as a useful model to indicate the behaviour of

discontinuous strata around excavations.
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5.3 3-D Physical Mode]

The 3-D physical modei was developed to simulate the
fracture characteristics of pillars (Szwilski & Whittaker,
1975) and to observe multi-seam interactions qualitatively.
The coal pillars are modelled by plaster-of-paris cement and
the rock strata by a series of rubber strips. The rubber
strips offer a lateral strain effect and a high
rubber/pillar (strata/pillar) contact friction factor. The
model is loaded uniaxially in a 200 ton compression frame
(Plate 3) by a hydraulic ram connected to a braced steel
plate 0.91m by 0.61m.

Two models were constructed, Run 1 had 5.1cm thick
seams, and rin 2 had 3.8cm thick seams.The horizontal scale
factor was 1/120 for both funs and the vertical scale
factors were 1/60 for Run 1 and 1/90 for Run 2. The plaster

mix used had a uniaxial compressive strength of 5.2 MN/m2.

|\

Attempts were made to produce weaker pillars of plaster/sand
mixes, but these were abandoned after encountering problems
with pouring and hand]ing large pillars. The piilar layouts
in the two séams are shown in Figure 5.11 (both runs
identical} -and the assembly for the Run 2 model is shown in
Plates 9, 10 & 11.

The model was progressively loaded and photographs were
taken at intervals, until a yield state was reached. The |
yield state was indicated by the peak load c¢ondition,
~associated with increased displacement of the model.‘The
yield state of Run 1 was at 20 MN/m2 ram pressdre

B .

e,

—~
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(0.96 MN/m2 average model stress), shown in Plate 6. The
deformation of opening No.2 is shown in Plate 7; floor
heave, roof sag and pillar s]abbing failures were observed.

After failure the model was dismantled and the pillar
failures were observed in detail. A plan view of openings
No.1 and No.2 in the upper seam is s!own in ﬁdate 8. Note
that there has been a much greater slabbing failure of
pillar sides in opening No.2.

Run 2 was loaded in a similar manner and pictures of
model average stresses of 0.78 MN/m2 and 0.92 MN/m?2 (yield
state) are shown in Plates 12 & 13 respectively. One of the
pillars between openings No.5 and No.6 in the lower seam,
shown in Plate 14, illustrates the pillar fractures running
parallel to the pillar sides. This pillar failure mode is
turther emphasized in. the upper seam between openings No. 1

and No.2 (Plate 15).

5.4 Underaround Phenomenological Stud:

The subject of this study is a coai m.ne located at
Grande Cache, Alberta. The coal measures are Lower
Cretacious, occur in the Rocky Mountains,.and are situated
in a flat-bottomed syncline. The inter-seam strata consists
of interbedded sandstones, siltstones and sﬁales. Hper?tions
are carried out in the No.4 seam (lower) and the No.11\seaﬁ
(upper).» The intermediate seam (No.10), simulated in the
physical and numerical models, has not been represented

correctly in the vertical dimension.
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Mining is carried out by room and pillar, coal being
extracted by continuous miners. Panels are developed on a
three entry system, rooms being developed on advance and
pillars extracted on retreat. Rooms are 6m wide and 3m high,
with the roof supported by bolting on a 1.2m square pattern.
Rib-sides are supported by fib posts and lagging. Pillar
width depends upon conditions, but is usually 24.4m (30.4m
roadway centres).

The initial development in the No.4 seam (6.1m thick)
is confined to the upper 3m. However, the'lower portion of
the seam is removed during de-pillaring operations, and the
roof is allowed to cave. Reguiar roof caving is promoted by
avoiding remnant pillars, and maintaining a uniform break
line for the cave. irregular caving is associated with
excessive pillar stresses, floor heave and instability of
roadway intersections close to the break 1ine..

A newly exposed rib-éide, pictured1in Plate 16, shows

the rib posts, lagging and bolting with wire mesh. The:

competence of the pillar is nf;;:iiili;/;pgether with the ’
minor seam irregularities indi ed by the roof "roll". The
initial indications of high pillar stresses are seen by the
pillar expansion along a soft band close to the roof

(Plate 17). The next stage in pillar féi]ure is indicated by
fractures opening parallel to the pillar sides (Plate 18),
.causing pillar expans}on (Plate 19). Pillar expansion and

floor heave lead to failure of rib supports (Plate 20). The

floor heave creates closure of the opeﬁings and, in order to
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maintain the working height, the floor has to be éxcavated
(brushing). Floor heave close to the cave line is indicated
in Plate 21. Regular caving to the break line reduces
pressure on supports, as is shown in Plate 21. The thin
layered roof, shown in Plate 22, indicates.a cave of the
immediate roof at an intersection. It is interesting to
observe theifailure initiated between roof bolt anchor
plates, with few anchor faiiures. The development opening in
the upper portion of the seam, togéther with the mined’ lower
portion, is shown.

It is clear from this study that the real mine
situation exhibits time-dependent pillar and floor failures

in highly stressed regions.

5.5 Comparison of results

The vertical stress contour plot (Figure 5.4)
illustrates the re-distribution of vertical stresses around
the mine openings. Stress concentrations are induced within
the pi)lars, especially those between openings No.3, No.4,
No.5 and No.6 in the lower seam. The vertical stress relief
above the opehings is observed, especially above openi;g
No.4, as a result of the presence of another opening above
it. The vertical stress on the coal pil]afs is taken to be
equivalent to.the’average vertical stress (predicted by the
numerical model), uniformly distriputed over the pillar. The

piTtar strength can be estimated (Jeremic, 1979) ¥rom the

following equations:
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o, = c.W/H (W/H < 5)

0‘p = 2.4 + c.W/H (W/H > 5)

op = Pillar compressive strength (MN/mz)
W = Width of pillar

H = Height of pillar

¢ = Factor depending upon coal

(varies from 1.2 to 1.6 MN/m?)

A value of 1.5 MN/m? was assumed for C in all ca]culat}ons.
‘Pillar widths are assumed to be 24m along the long axis of
the openings, from which the effective width - an be

calculated:

W = v24.W
e t
Wé = Effective pillar width
Wt = Width of pillar transverse to long axis

The following table gives the average pillar vertical

stress, effective width, width to height ratio,strength, and
safety factor (the pillars being defined with respect to the
openings e.g. pillar 1/2 is the pillaf between openings No. 1

and No.2.):
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Pillar Vertical Effective W/H trength afe

Stress Width (MN/m2) Factor
(MN/m2) {m)
1/2 12.5 20.8 6.9 12.8 (1.02)*
3/4 33.0° 12.0 4.0 6.0 (0.18)*
4/5 19.4 24.0 8.0  14.4  (0.74)x
5/6 21.2 147 4.9 7.4 (0.35)*

\‘
Y

* The results indicate that progressiQe failures,
resulting in‘stress re-distributions, will occur. Therefore
the safety factors calculated do not represent final values,
but only predict instability. It shou]d’ge ﬁoted that tﬁe"
instability in the lower seam i§ associated with a caving
phenomenon, that occurs on retreat, and therefore safety
factors ?elow 1.0 would bz 2xpected. |

It was observed that opening No.2 of the 3-D physical
model Run 1 (Plates 6 & 7) had characteristic roof and floor
displacements. For a single opening in elastic rock, it
would be expected that the roof and floor displacements,
causing closure, wou]d.be equal and symmetrical. Upon
inspection of Plate 7 it was observed that the flodk heave
was much greater than the roof sag. The numerical model has
much stiffer elastic constants than the rubber, but a
comparison between the two was maﬂe»by\applying horizontal

and vertical scale factors. The numerical mode |
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displacements were scaled to match the outline of the
physical model (Figure 5.12). This qualitative comparison
indicates that the numerical modelvalso predicts that the
floor heave is greater than the roof sag, but to a lesser
degree than the physical model. Close inspection of Plate 6
indicates bed separation occurring in the floor of the model
opening, accounting for the increase in floor displacements.

The contour diagram of stress criterion (Figure 5.8) is
most inforﬁative,'as it combines all the data on the ma jor
principal stress }Figure 5.6), minor principal stress
(Figure 5;5) and maximum shear stress (Figure 5.8), together
with the strength properties of thﬁ;métgjifl. The
instability of opening No.2 is cl‘éa\uy/\/i\naiVé:ated by the
shaded zones in Figure 5.9, and the physical mode]l
(Plates 6 & 8) demonstrates the pillar slabbing along fhis
‘opening. '

The mechanism of pillar failures by fracturing paralie]
to pillar sides is shown in Plates 14 & 15, with the
cohstrained pillar core providing most of the support. The
‘underground photographs show a similar failu}e mechanism
(Plates 18 & 20).

Opening stabi]ity is primarily concerned with roof span

~failures, with roof support by rock bolting being commonly

~

used in room and pillar mining. The existence of layered
strata in the immediate roof of the underground mine
(Plate 22), indicates that the analysis of stability should

be undertaken assuming that bolting forms a composite roof

1
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beam. It is interesting to note that the ma jority of the
roof cave depicted (Plate 22) has been caused by rock
failure between bolt anchor plates. If roof support produces
very competent roof beams it may have a detrimental effect
on the mine conditions during full extraction, as regular

caving may be prevented.



6. MINE DESIGN SIMULATION

A mine des1gn simulation was undertaken using data from
RN T

proposed-l*; Bd mining of the Silkstone seam at Coal

;'Qrstudy isﬁintended to illustrate the

Va]ley«; -‘.
o : ' A‘r”
appllca P mlne des1gn concept adopted and is too

limited ih 1nﬁo§?at1on and scope to be regarded as a .
-comprehens1ve s}ab1l1ty analysis.

Information on structura? Jeology was'obtained from the
mine personnel and rock mass parameters were estimated from
a geotechnical testing program on drill core from the

proposed site.

-

€.1 Geology

On]y a brief summary will be presented here as the

Timited nature of this study does not warrant a detailed

description.

6.1.1 Struo;urg

In the propoéed area the predominant feature is a broad,
syncline with dips varying from 4° to 18°, with an average
of 10°, towards the southwest. The area is bounded by ma jor
fault systems with faulting dividing the area into five
‘of fset blocks. The Si?%%tone seam outcrops along the
northeast 1imb of this syncline, which plunges towards the
southeast. Previous drilling has not indicated the

predominance of minor faulting and seam "rolls", but this
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may be due to the Jow dehﬁity,of drilling. The area is
bounded on the down-dip side by an undéfined fault (approx_
1500m from the outcrop), where the seam‘is at a depth of
wapproximately 150m,

6.1.2 Stratigraphy . >

The SilKkstone cbal measures consist of two seams, the
upper denoted as the Wee and the lower as the Bourne,
separated by approximately 9m of silty mudstones. The Bourne
seam averages only 0.9m in thickness and is not considered |
to be economically recoverable. Thelavérage normal thickness
of the Wee seam is 3m, but varies from 1.5m to 5.8m. In
places the seam is divided by ; carbonaceous shale and
mudstone parting which sometimes exceeds 0.6im. The strata
above the Wee seam consists mainly of massive sandstons and
siltstone beds. In the eastern portion, close to the outcrop
(where three of the four core holes were located)l the roof
strata is predominantly interbedded siltstones and.
muds tones.

The coal is ranked as High Volatile Bituminous C by the

ASTM classification.

6.2 Geotechnical Jesting Program

Geotechnical test4ﬁg of core from four drill holes was
undertaken to define the rock mass parameters and other
properties which‘relate to the mine environment. The core

was obtained for shallow seam conditions, as it was proposed

1
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to initially undertake underground exploration. Conditfons
atvgreater depth may be different, but no core was available
for testing.

The diamond drilling for 2.6 inch diameter core was
carried out using water flush and a triple barrélw Runs were
of abprbximatély 7 ft. and the core was immediately séaled
in the plastic inner tubing. The sealed core tubes were
transported to the laboratory where geotechnical logging and
sémpling was carried out. Upon exposure to the atmosphere
the samples were sealed and placed in a humid environment
until they were opened for preparaYioﬁ and testing. The
geotechnical core logs for fhe four holes can be seen in
Appendix 5. A detailed description of the'testing'procedure
is presented in Appendix 6, and tﬁe detailed testing results
are presented in Appendix 7. A summary of the test results

<

follows:

6.2.1 Uniaxial Compression

Samples of the full core diameter were tested in
uniaxial compression (wfth strain gauges attached), however,
no suitable coal samples were available for this test. The
-results obtaﬁﬁéﬂﬁwere used to estimate the Young’'s Modulus ,
Poisson’s Ratio and uniaxial compressive strength Six

samples were tested and the average results are tabulated

over leaf:



Young's Poisson’s ngggg§§1¥g
Modu lus Ratio tr t
(MN/m2) ﬁN m?
SANDSTONE  1.36 x 104 0.267 73.9
(3 samples)
SILTSTONE 1300 x 10¢ - 0.288 66.2
(2 samples)
MUDSTONE = 8.62 x 102 0.172 70.2
(1 sample) o
COAL * 1.92 x 103 - 15.6

(1 sample)

*;undercored sample (no strain gauges attached)
6.2.2 Brazilian Disc b
Disc sémples {thickness approximately half of the
diameter) of both 1.6 inch and 2.6 incﬁ‘diémetér were used
in the indirect tensile strength Brazilian tdsts. The

average results from 35 tests are tabulated below:

.
SANDSTONE (14 samples) = 2.29 MN/m?
SILTSTONE (6 samples) = 3.47 MN/m? o
MUDSTONE (11 samples) = 3.97 MN/m? " § |
COAL (4 samples) =~ = 0.91 MN/m? ' {



AT

55
»

§.2.3 Iriaxial Compression

In order to investigate the compressivg strengtﬁ under
confined conditions, and to develop a Mohr/toulomb'fafﬂure'
enve lope, 21 samplesﬁwere tested in triaxial compression.
Core samples were prepared by undercoring to 1.6 inch

diameter to fit the triaxial cell, and the in situ moisture

content was preserved as muph:aS'possible. There were
insuffient samples to produce a failure envelope for::
siltstone, but the Mohr’s circle. and failure envelopes for
sandstone, mudstone and coa: were drawn (Figures 6.1, 6;2
and 6.3). It should be notecd that some of the height to
width ratios {ested were below 2, because of iZlee
preparation problems, but the results from these samp[?s
appear to be reasonable. o
From the results, simplified linear Mohr/Coulomb
failure envelopes have been developed, which have the

following relationships for confining stresses less than

15 MN/m2:

R

SANDSTONE: ~ 1 = 6.9 + gTan45’
S _
MUDSTONE : T =6.9 + gTan38°’
3 ) . . ’ L
g COAL: - ST = 3.0 + 0Tan45°j

T = Shear stmess (MN/m?)

0 = Normal stress (MN/m?)
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The low values for coal cohesion can be explained by the
presence of cleat planes which results in discontinuous
material. The influence of bedding angle was not
1nvest1gated as. all samples were gndercored along the
origindl core axis, hence the pr1ﬁc1pal stress direction was

appronﬁmate]y 80Q to the bedding d1p

"QégF3 Direct Shear

j  Shear stréngth aloqg‘discontinuities was‘investigated‘

. ugiqg a direct shear abparatus. Dnly'a small number of tests
were carried out, because of a shortage of suitable samples.
Two mudstone joints, one mudstone and one coal bedd?ﬁg plane
were sheared, “all shearing taking place along tpe dip of the
discontinuit, There were no significant peak values and the

residual values are given below:

MUDSTONE JOINT (50° dip): Friction angle = 19.9¢°
MUDSTONE JOINT (30° dip): Fﬁlctvon angfe = 27.10
MUDSTONE BEDDING (150 dip): Fr1ct1on angle = 23.3°¢
COAL BEDDING: (15° dip): Friction angle = 23.80¢

- “%\r .

N ’ ‘ ¥

The low friction angles in cdmparison to the internal
friction angles are a result of testing discontinuity
weakness planes.

8, . : .

a4 )_5 »

6.2.5 Slake pgrab111t¥ '

Slake durab111ty tests on the immediate floor strata

LN
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were undertaken t, aswess the effect of water on thg S
competence of the ‘K units. From the standard‘tgs g
procedure, results of the Slake Durability Index‘?g%boﬁd
cycle) were 16.8%, 78.5% and 95.3% for three footwall
mudstone samples. The higher values appeared‘to be
associated with the sand content within the sample and hence

-

the consequent reduction in clay content.

6.2.6 Swelling Index ' @

‘Two%«e]ling Strain Index (unconfined) tests werev‘ v
carried out, one floor mudstone and one roof siltstpnei.%he 9
results were 2.9% and 2.5% for the siltstone and mudstone
respectively. Partial disintegration of the siltétohe and'

complete d1s1ntegrat1on of the mqgstone took place, this

indicates that the maximum swe111ng wou]d probably have been

«

greater than that recorded. '

2

6.3 Rock Mass Parameters

"The rock .-mass parameters that are required for analysis

purposes are; the relationship between stress and strain
(Young’s Modulus & Poisson’s Rafio). and the strength .
characteristics. Estimates of these parameters have been

‘made'from laboratory testing of intact samples, which tend
t? be stiffer and stronger than the rock mass itself.

-.Scaling factors need to be applied from the laboratory

-

resu]ts to obtain in situ estimates. qug process is not

well understood as the real rock mass is usually
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non-homogeneous and discontinuous, thus forming a complex
structure. There is insufficient information to undertake a
detailed analysis, therefore simple scaling factors will be
applied. o

Based on previous work (Raney et al, 1976) the Young' s
Modulus for rock and coal was reduced by factors of 3 and 5
respectivefy uPo1sson s ratio estimates from laboratory
testing are not regarded as being representative oF the rock
mass, hence values of 0.19 and 0.3 for mock and Lcoal. will be
used (Pariseau & Sorensen, 1979 and Ku]hawy, 1875). The'kl'
Shear Modulus.will be estimated from the Young’s Modulus and

Poisson’s Ratio (assuming an isotropic efpstic mater1al),

using the following formula (Plane Strain‘.nalysis):

G = E/2(1+v)

G = Shear Modulus
E = Young's Modulus
V = Poisson's Ratio

The rock mass parameters from the laboratory tests and the

previous assumptions are given below:

R4

-

Material E (MN/m?) G (MN/m?) ' ROE
ROCK 3.9 x 105 1.6 x 103 0.19
.COAL 3.9 x 102 1.5 x 102 0.30
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MNa,

Young’s Modulus

m
"

Shear Modulus

19
n

ROE = Poisson’s Ratio

. "ﬁ”@v‘ Sy
From triaxial testing the linear Mohr/Coulomb failure
envelopes have been estimated. These estimates do not take
into account the effect of discontinuities in the rock mass,
and hence they have been adjusted to give the following

relationships:

Matgria] C (MN/m2)=* PHI (degrees)*=*
SANDS TONE 2.3 1 40.0 L
MUDSTONE 2.3 33.0

COAL 0.55 40.0

C = Rock Mass Cohesion

R
x he cohes#6n values were obtained by dividing the rock
and coal cohesion valtues (from testing) by 3 and 5

X
- L RER 2
respéctively.

** The internal friction angles’were obtained by
subtracting 5° from the laboratory results to allow for the

low discontinuity frictjon angles obtained from the direct

1\1

N

' L)
e .
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shear tests.
These adjustments also bring the estimates closer to values
used in previous published work (Kidybinski & Babcock, 1973
and Fadeev & Abdyldayev, 1979).

The effects of anisotropy and time dependent behaviour
have not been considered as they are difficult to
investigate and the required complexity is beyond the scope

of this study.

6.4 Proposed Mining Method

The method under considenation will involve multiple
access from a surface mine h1~ all, and headings dr1ven
down dip (approximately 1500m io a fault boundary) Th1s
concept of ggg;ﬁ mining from the h1ghwall_would utilize high
capacity equipment to extract coal from the portals serving
individual mining rooms. As the parallel rooms are
extracted, and the portals are advanced along the highwall,
the old portals become redundant and will be covered during 5%

reclamation.

6.5 Stability Analysis

A number of M8ssible mine geometries have been studied

-

with the assumed rock mass parameters and initial stress
conditions held constant. The sensitivity of the mine

structure to variation of these parameters has therefore not

been considered. The stability of coal pillars and
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surrounding strata have been considered separateljyfor
analytic purposeg, but interactions at roof and fioor will
be present. The geometries analysed represent extraction

rat1os of 60%, 55% and 50%. 3

i

6.5.1 Coal Pillar Strength

The cube strength of coal has been estimated from the
uniaxial compressive strength results. Adjustments have been
made to allow for sample size and shape using the following

formula based on Hustrul1d (1975)

o, = cct.ﬁ/(o.ﬂs + o.zzz.w/n)

0. = Compressive strength of a 1 inch cube
O,y = Test sample compressive strength
H = Test sample height (inches)

W Test sample width (inches) ©

]

Only one uniaxial compressive test sample gésult was
available and this is not considered to be sufficient for
normal design purposes, but with no other data availagle
this result was used. For }he test sample of hgjght

2.02 inches and width (diameter) 1.62 inches the uniaxial
compressive strength was 15.6 MN/mz. The calculated cube
compressive strength is 21.0 MN/m? for a 1 inch cube. A1l
mine pillars will have dimensions greater than 3 ft. (0.9m)
and hence the pillar cube compressive strength will be

3.5 MN/m? (one sixth of the one inch cube strength). The
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size factor will therefore be constant and the shape factor

will vary according to the following equation (Hustrulid,

1975) :
op = oc(0.778 + 0.222 W/H)
op = Pillar compressive st%gngth (MN/m?)
0. = Cube compressive strength (MN/m?)

The height of rooms, and hence that of pillars has been
assumed to be 2.5m and this reduces the equation to the: form

below:

o =2.72 + 0.31 W i

p . %F
Op = Pillar compressive strength (MN/m?)

W = Width of square pillar (m)

The width used in the eqliation assumes that. the pillars are
square, but the proposed mining method will not utilise
square pillars. Pillars will be long and thin, thus an
effective width should be used for design purposes. The
effect of unequal pillar side lengths on pillar strength has
not been prev1ously studied in any great detail. Sheorey &
Singh (1974) have concluded that the strength of a

. rectangular pillar is the same as that of a square billar
whose Sides are equal to the average of the two reétangular

pillar widths. This result indicates that for a given pillar

e
.
~2

~—
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area a rectangular pillar will have a higher strength than a
square one. fFor wide pillars with confined cores this may be
correct, but‘for thin, long pillars the equivalent Qquare
pillar width should not be the average of the two sides.
This is understood when a rectangular pillar with one side
of zero length is considered. The equivalent square piliar
will have a width equal to half of the non-zero length of
the rectangular pillar, which is incorrect. LY would seem
more appropriate to base the design of a rectangt ar pillar
on its equivélence to a square pillar of the same plan area.
Using this hypothesis, and tHe-asstption of a pillar length
of 30m parallel to the long axis of the rooms, the pillar

strength relationship becomes:

- o = 2.72 + 1.7VYW

‘ P t @y
Wt = Pillar width between rooms (m)
o, = Pillar compressive strength (MN/m?)

This relatibpship is presented graphically in Figure 6.4. It
should be noted that this relationship is only valid for
pillars with a height of 2.5m and a long dimension of 30m.
S
6.5.2 Numerical Analysis _ ) ~
The DDSEAMS program was used to analyse three layouts
at a depth of 150m (Runs 21, 22 & 23) with the graphical

results presented®in Appendix 8. The mine geométries for
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these runs are shown in Figure 6.5 together with the average
vertical stress for each pillar. The rock mass and coal seam
parameters were estimated from the geotechnical testing and
adjusted for in situ conditions (tabulated previously). The
overburden rock density was assumed to be equivalent to
0.025 MN/m? per metre of depth. No data for the pre-mining
stress fieldﬁwas available so hydrostatic.conditions were
assumed. This was thought to be reasonable because of the
shallow nature of the excavations.

The PSTRESS program was run on the data from the three
DDSEAMS program runs, to produce Vglues for the stability of
.the surrounding strata. In éll three runs the roof sandstone
was found to be stable, but s]fght instability in the floor
hudstone was observed: The stability criterion results,
0.75m into the f]bgg mudstone, are presented in Figure 6.7
for the present minir - room énd the previous room.

Pillar safety factors (based on elastic stress
comparisons) can be calculated by diyiding the pillar
strength by the average pillar stress. These results are
presented in Figure 6.6? where pillar strengths of 6.12 and
7.53 MN/m2 have been assumed for the 4m and 6m widé pillars
respective19.

- ’ ) 'Y
§.6 Discussion of Results

In considering the stability of the mine structure it
will be assumed that only the room being mined, and the

previous room, need to be stable. This requires that the
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abutment pillar (No.1), and pillars No.2 and No.3 should be
stable. This assumption is only valid when failed pillars do
not exhibit brittle behaviour, but yield progressively, thus

avoiding catastrophic failures.

6.6.1 Pillar Stability

Using the tributary area theory, the expected p1l]ar
stresses for extraction ratios of 60% 55% and 50%, are 9.4,
8.3 and 7.5 MN/m2 respectively. "~ these, p1ll'ths of
15.4m (&Y% extraction), 10.8m (55% extraction) ehd 7.8m (50%
extraction) would be required to give a safety factor of 1.

The results from the numerical modelling indicate that
the proximity of the abutment to the last two pillars, has
the effect of reducing their ayerage stress values below
that predicted by the‘tributary area theory. If a room width
of 6bm is assumed, then the tributary area theory predicts
that a pillar width of 7m is required for a safety factor of
1v(pillers 30m long and extraction ratio of 46%). The pillar
safety factors for the three ruh; (Figure 6.6), predicted by
the numerical model, indicate that extraction ratios above
50% should be possible. The results illustrate the
undesirable aspects of having non-uniform pillar sizes, due
to the relatively low strengths of narrow pillars. As the °
pillar width is reduced the strength is reduced, and the

~pillar stress is 1ncrea§ed‘P?hfs indicates that maximum
extract1dn will be achieved with uniform pillar widths.
% Design on the béeis of a safety factor of 1 is considered to

L2 - Lhenelel
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be adequate, as the worst possible case of greatest depth is -
4analysed.

Pillar stabi]ifies are predominantly controlled by the
vertical stresses, which can be reasonably predicted using
overburden density assumptions. The effect of horizontal
stress upon the pillar stability is not expected tc be
‘great, as the seam is gently dipping. ’"be assumption that
the seam can be analysed as being flat is nol expected to
affect the results by more than 5%. and the approach is.

therefore considered to be valid.

'6.6.2 Opening Stability : “
The stability of the roof span is not likely to be

controlled By intact rock shear failure, as it consists of a
massive sandstone strata unit over 6m thick. From the
limited discontinuity data available, steep joint sets
(approximately 60° dip) are known to exist, but their
spacing and orientation are unknown. Stability of wedges

: delineated by these steep joint sets and bedding planes will
be greatly affected by the horizontal stresses, which are at
present unknown. Consequently no complete stability analysis
cén be undertaken at presenf, but it should be mentioned"
that experience has shown roof beds of this type to be very
stable with roof bg]ting support. In order to estimate the
shpport requirehenis. further information on the dip,

orientation, spacing and shear strength of these

discontinuities is required. ) .
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The orientation of rooms will be a majoi factor in
analysing the roof and rib stability. SlabLing failure of
pillar sides into rooms is dependent upon the cleat
direction, spacing and continuity, which are unknown. Pillar
slabbing is*unsafe. causes production delays, and also has
the effect of increasing opeﬁing\§pans and reducing
effective pillar strengths.

Floor stability problems are often encountered when
weak floors are highly stressed, producing failures which
migrate into the entry (floor Heave), High horizontal

stresses may cause buckling failures of thin, weak floor

. beds, which are further pronounced by highly stressed pillar

abutments loading the floor strata beyond its bearing
capacity. The effect of water on the floor may be a major
factor for the mudstohes and siltstones. Swelling lndex and
Slake Durability tests indicate that the swelling of floor
beds, together with their reduced strength when wet, will
cause problems for heavy mobile machinery. Floor heave will
probably not be a problem as it is a time-dependent
phenomenon and the most highly stressed zones will be at thg
ends of rooms. The stress criterion results for the floor
mudstones (Figure 6.7), based on geotechnical testing and
stresses from the numerical modelling, indicate%that sTlight
instabi1ify of floor strata at the centre of openings will
be present. » o

&
The overall analysis has been based-aﬁbn limited test

results from the more competént portions of the sthﬁa.
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¢

because of sample preparation problems for the weaker units.
This means that the average te- ting results will bé biased,
towards the higher strength values. Ad justments have beén
made by applying scaling factors to estimate the rock mass
parameters based on previously published results. These
factors are not well understood and may not be applicable to
the strata under study, thus a degree of uncertainty has
been introduced. .

This design analysis is sufficient for the initial
technical and economic feasibility stages. Bett;r

predictions can be made by undertaking in situ testing of -

full size excavations, at sufficient depth, with monitoring

v

of strata behaviour.



7, CONCLUSIONS
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7.1 Modelling Technigues

1.

Lb

fid

_ . L
The: numerical analysis technique addbted provides

improved prediétion of stress distributions compared to
simpler techniques, such as the tributary area and beam

theory. Th1s is especially true in the proximity of

abutments, for workings of limi‘~. lateral extent in

- : -
relation to deptp, and where mu. ¢ vseém,interactions
are present. - S . o ‘

Layered strata’with st1ffer mechan1dal pr '.rt1es cannot

be modelled by aSSIinng unmlned'boal seams in the

. ‘\"*:.1'*/)
numerical mode Ye_ented

B

&

Physical modelling t®&chniques proyide a simple means of
qualitatively simulating’complex fadi lure mechanisms in.
mine structures, by relét{ng their behaviour to the

failures observed in real mine situations.

The use of a stress criterion to predict zones of

overstressed rock is useful for indicating potential

failure zones.

. - ) v
When pillar safety factors or strata stress criterion
values predict that faﬁ]ures will take place, the

»

-

hA
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NoY

resukting stress re-distributions are not eccounted for

o 3
w humericad analysis.

®

’ 1
The numer1ca1 model pred1cted zones of. potentlal

1nstab1]1ty that correspond §§ oo§erVed 1nstabll1ty in
z?& . T ¥ ‘ )
"o

e A

the 3-D phys1cal mode 1 .

. " /‘\ ' 7,; I
. OL'\
The p1flar fa1lures observed fn th@ 9 D phys1cal model

were similar to those obgerved in the underground
? 4

phenomenological study

. &;L, . - N
. e Cy o .
RSy : l
The base frﬂct1on mode;_f edicted a cave angle of
'y R ) .
approx1mate]y 700 for de:p11]ar1ng qperat1ons in the
ty’
lower seam. '

v

The numerical model only predicts potential failure
zones, and should therefore not be used- to estimate the

stréss re- d1str1but1ons as it does not deel these '

’ B N \

‘fa11ures ,

Mine'gesjgg Simulation®

From geotechnlca] test1ng of core samples of the

T
proposed mine §trata at Coal Valley the follow1ng

.

B %



results were bbtained:
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(a). Uniaxial Compression Testing: & a
o .
cYoana's Compressive
5 Modulug Strength
S (MN/m2) Y (MN/m? )
“ SANDSTONE 1736 x 73.9
{3 samplesh S ) i . s oo
u “Sﬁ.TSTONE 1-00 X330y - .0.288 .. 6.2
& t2 samples ".f N I
:-4%’ _%% amples) ‘ 22 # &
7 MUDSTONE',  8.62 x 10, - 0,372 70.2
gy o (1 samgle&, B | : - ‘o
coAL = . 192 x 103 - 15
(1 sample) SR T
_ & ; | 5 : . .
*¥Mfdercored sample (no strain gauges attached)
,’ ’ o - -
r‘h . Q .
(b) Brazitian Testing (tensile strength):
o Ju - .
sANDSfONE (14 samples) = 2.29 @N/m?
SILTSTONE (6 samples) = 3.47 MN/im? -
MUDSTONE (11 samples) = 3.97 MN/m2 |
COAL (4 samples) = 0.91 MN/m2 _
. _ . -

~
<

(c) Triaxial Compression Testing:

— (conf1n1ng stresses less than 15 MN/m2)

" Linear Mohr/Coulomb failure envelopes

ps
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S+ W

SANDSTONE ;

6.9 + oTan45°
MUDSTONE : T =629 + gTan38°

COAL: T = 3.0 + oTan45°

Shear stress (MN/m?2)

~
1

O = Normal stress (MN/m?)

o

(d) Direct Shear Testiqgﬁof.Diségntinuitiés:

N

MUDSTONE‘dOINT-150°0d§p)?:FrictiQn‘ahglé = 14P90. Co
MUDSTONE JOINT (30° d?p):uFriqtion'gngle ® 27.1° | ‘
MUDSTONE BEDDING' (15° dip): Friction angle = 23,30

colL BEDDING (150 dip): Friction angle = 23.8¢

v

YD]
9
$33 e

(e) Siake Durability Testing of Footwall Mudstones:

-

SDI (average of 3 samples) = 63.5%
F 4 , ,

-

" SDI = Slake Durability Index (second cycle)
. \ :
. W
’ -7 \, _ ' ‘ :

(f) Swelling Index Testing: e
b N : ’ . i
S ’ ! . * LY 4 ,z{lz“',
SSI (average of 2 samples) = 2.7% - Y+ 22 N
< . ] [ >

SSI-= Swelling Strain Index (unconfined)
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2. 'he-estimated rock mass parameters from the empirica)ly

adjusted geotechnical results are:

. * q
" Material E (MN/me) G (MN/m2) ROE
. v : )

ROCK > 3.9 x 102 1.6 x 109 0.19

COAL - 3.9 x 102 1.5 x 102 0.30 n
o - .

E = Young’'s, ‘Mog”u_lu ‘ '

G = Shes MOdU\% g .

'ROE = Poisson’s Ratigp .
~ -

v

'S

2. The estimated linear Mohrj/Couloml; failure envelgpes. for

the rock mass type's'lﬁa}‘e: s

Ay

-

Material C (MN/m2) LH_L (degrees)
\} - ’
SANDSTONE 23 . a0 . G
MUDS YONE 2.3 , 33.0 |
v  COAL. . 0.55 . 40.0 ot
i & R ‘-"\,*"75"‘&";-“"9 " - . 3

' - C = Rock Mass Cohes.ion _
" PHI = Internal Fricfion Angle
'_«"'/ ) ' ’
5_,. The,‘,j\e\}stimated. pillar ‘itrength»for long pillars (30m ©

parallel to rooms) is given by: o



51 This initia) Eﬁalyé¢s indicates that extraction ratfos

4 -k

(¢) = 2.72 + 1.7V/wW 'S
p Tt o
‘V
wt = Pillar width between rooms"'"(l%) N
Op = Pillar‘ compressive’ strength (MN/m’) Fa é"‘;"
\ &y - .. ' ‘m.

e

.

(by4areaJ greate} than 50% may be possibie at 150m
.dEPth..’i' .

rey e Y

o

The analysis is based ‘geotebhnical festfng of core
from shallow seam cunditions which may not be »
representative of the strata conditions at greater

depthr.

L ’ o



8. RECOMMENDATIONS

gé_ ell1ng Techn1gug§

.»' R
‘ e LA
-

1. Predictions Bffactual rock mass hehaviour and failure

g mechanisms should be 1mproved Th1s co#ld be done by‘

SR comprehenswe geotechmcal testmg of Jntact rock ar
d1scont1nui¢les def1n1t1on of structural geology

ﬁ@” (1nclud1ng Jo;nt surveys) and” measurement of in situ

&brésses Mon:%or1ng of the def1ned ‘rock structure g

“shou}d be carrled out -during excavatton and back

ana}ys1s techn1ques used to prov1de an accurate means of

predicting the behav1our of the mine structure from data

collected prwor to mining. ’ *ﬁi‘w, o l;uﬁ-

- 3

1

2. Numerical methods should be developed'to simulate the
actuel rock mass beh%viour when failures occur. This
could possibly be achieved by combinations of boundary
element, finite element and block mode 1s An example of

. this could be' to deflne an active caving zone (caved
rock) by means of a-block model, this could 1nterface
with a finite element model from the active caving zone
to the csV1ng 11m1ts (failed rock), whlch is then

1nterfaced w1th a boundary element mode 1 for the

’
remarnder of the rock mass (pre famlure) |
S R T g W ' <y
3. Pillar failure mechanisms should be investigated - e

// '

e . 75
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further, under actual mineVdénditions, to‘improye pillar

strength prediction capabilities. This should include
time dependent analysis as pillar deterioration with
time is commongy observed in coal mines.
. .

Where significant failures are present. in the mining
structure, elastic analysis techniques do not prov1de
adequate estimation of the resulting stress .
re-distri !arﬁs Therefore it is recommended that ﬁbre

Mﬁ*techmques, that model these faﬂure '

comp]ex an

mechanisms, sholUld be emp loyed.

o . . » -

The limitations of mode 1 1ing technlques shou]d be

1nvest1gated Ffurther, as the ab111ty to model actual

rock mass behaviour is still in its rud1mentary stage.

2z

'.Better technlques -are c&ﬂ%fantly being developed, but

their appl1cab1l1ty in mod%lllng a complex real1ty

‘q@%}a1n many unceh£a1nt1es

The applicabilify of twé-dimensional énalysis technidues
should be 1nvest1gated further, as they are often used
because three-dimensioral techwmiques are too complex and

expensive to undertake .

y - 8
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8.2 Multi-Seam Studies

1

under taKen.

..@®
Where caving phenomena are encountered, analysis
techniiques that model these complex failupes should be,

employed. o

The rock mass behaviour and mult1 seam 1nteract1ons
during caving sgould be 1nvest1gated further to enable
realistic modelling of mine structures.

%

Coal pillar strength relationships should be

- investigated further te improve prediction capabilities

for Rocky Mountain conditions.

Mine Design Simulation

Further geotechnical testing of strata conditions at

1 )

greater depth should be carried out. .

Monitoring of the rock mass behaviour around actual mine

openings, at the depth conditions exgected,\should be

- \

_Twme dependent behav1our of mjnf p1llar$ and strata

should be investigated as the proposed m1n1nd merthod
will probably 1nvolve plllars that exh1b1t

time- dependent yield behayiour. 7 N

o
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i}- More complex modelling techniques should be employed for
prediction of the behaviour of mine structures. The
results of strata monitoring for experimental openings

would be required for realistic modelfing. 3

~



PILLARS
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FIGURE 2.1 SQUARE PILLAR LAYOUT “PLAN
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3-D PHYSICAL MODEL

(RUN 1)

’

1
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HORIZ. SCALE = 35x ACTUAL

VERTICAL SCALE = 3 x ACTUAL (+ DISPLACED)

FIGURE 5.12 NUMERICAL / 3-D PHYSICA.'L MODEL COMPARIS

(OPENING 2)
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{PILW NUMBERS (see fig 9.5)%

sc. }
0.8+
0.6-

04«

0.24

SC.
0.8

044

024

sC ?

0.0

0.4+

. 0z-

.FIGURE 6.7 STRESS CRITERION
-(0.75m INTO FLOOR)



108

Plate 1. BASE FRICTION APPARATUS

Plate 2. MTS SERVO CONTROLLED STIFF TESTING MACHINE



Plate 3.

3-D MODEL IN COMPRESSION FRAME
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CAVING INITIATED

BASE FRICTION MODEL

Plate 4.
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BASE.FRICTION MODEL ~FINAL CAVE

Plate 5.
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Plate 8. 3-D MODEL - AFTER TEST

(RUN 1, PLAN VIEW, UPPER SEAM)
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Plate 9. 3-D MODEL (RUN 2, LOWER SEAM) - BEFORE TEST

=~ BEFORE TEST

" Plate 10. 3-D MODEL (RUN 2, UPPER SEAM)
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5

Plate 14. 3-D MODEL - APTER TEST .

(RUN 2, PLAN VIEW, LOWER SEAM)



120

LS3L 9353V

- (WYES ¥3ddn ‘MIIA NVId ‘Z NO¥) TIAOW a-¢

ST *3eld

N




121

SIM0ddns ANV 3dIS ¥VTIIIg dasodxda XIMAN

‘91T ®3erq




122

dOQY¥ YYIN NOISNVAXd dVTIIId

Re

LT °3e1d




123

A3



124

SLY0ddNs J0 TWNTIVI ANV NOISNVIXT WVTIIId ‘61 @23eld




125

NTIVA I¥0ddNS ANV JAVAH J00Td ‘NOISNVAXA

BieH BupLIOM urejufen O
_ En:..mv PBUIN - cwom S8H

93e1d

¥YVvITid °0¢




126

JAVEH d0O0OTd ANy VANV dIAYD "TZ ®3eld




127

SAEg JO0Y FLVIATWWI 40 dAYD

-

" 1804}8Y UO peujy Wweeg)

JO UOjLI0d J6mOT

weeq ejisodwion)
V Bujuuog
JOOY peiehe]

e

*ZC ®@3erq




128

Agapito,J.F-.T; Bennett,J.W. & Hunter,J.P.“ROCK MECHANICS FOR
TWO' SEAM MINING AT THE BIG ISLAND TRONA MINE, STAUFFER
CHEMICAL COMPANY OF WYOMING 19th US Sympos1um on Rock
Mechanics, 1978, pp 57-64.

Aggson,J.R. HOW TO PLAN GROUND CONTROL Coal Mining and
Processing, Dec. 1979, pp 70-73.

‘Archibald,J.F., Singh,K.N., Calder,P.N. & Nantel,J.
INVESTIGATION OF THE POST PILLAR CUT AND FILL MINING
METHOD 1g5h Canadian Rock Mechanics Symposium, 1975,
pp 119-1

Baner jee ,P.K. AN INTEGRAL EQUATION METHOD FOR THE ANALYSIS
OF PIECE-WISE NON-HOMOGENEOUS ELASTIC SOLIDS OF
ARBITRARY SHAPE International Journal of Mechanical
Sciences, V18 1976, pp 293-303. ,

Barron,K. AN AIR INJECTION TECHNIQUE FOR INVESTIGATING THE
. INTEGRITY OF PILLARS AND RIBS IN COAL MINES
International Journal of Rock Mechanics and M1n1ng
Science, V15 1978, pp 69-76.

B1elenste1n U.; Wr1?ht P.L. & Mikalson,D. MULTI—SEAM
MINING AT SMDKY RIVER Sixth International Stita Control
Conference Banff, 1977 40 pages.

Bieniawski,Z.T. NOTE ON IN SITU TEETING OF THE STRENGTH OF
COAL PILLARS Journal of the South African Institute of
Mtning & Metallurgy, May 1968, pp 455-465. :

Brady,B. H.G. AN ANALYSIS OF ROCK BEHAVIOUR IN AN
EXPERIMENTAL STOPING BLOCK AT THE MOUNT ISA MINE,
QUEENSLAND, AUSTRALIA International Journal of Rock
Mechanics & Mining Science, V14 1977, pp 59-66.

Brady .G. & Bra% J.W. THE BOUNDARY ELEMENT METHOD FOR
DETERNINTNG STRESSES AND DISPLACEMENTS AROUND LONG
OPENINGS "IN A TRIAXIAL STRESS FIELD International
dou a;aof Rock Mechanics & M1n1ng Science, V15 1978,

1



129

Brady,B.H.G. & Bray,J.W. THE BOUNDARY ELEMENT METHOD FOR
ELASTIC ANALYS%S OF TABULAR OREBODY EXTRACTION, ASSUMING
COMPLETE PLANE STRAIN International Journal of Rock
Mechanics & Mining Science, V15 1978, pp 29-37.

Brady,B.H.G. A BOUNDARY ELEMENT MEfHOD FOR THREE-DIMENSIONAL
ELASTIC ANALYSIS OF TABULAR OREBODY EXTRACTION 18th US '
Symposium on Rock Mechanics, V1 1978, pp 431-438.

Brady,B.H.G. A DIRECI FORMULATION OF THE BOUNDARY ELEMENT
METHOD OF STRESS ANALYSIS FOR COMPLETE PLANE STRAIN
International Journal of Rock Mechanics & Mining
Science, V16 1979, pp 325-344.

Chan,S.S.M. & Beus,M.J. INTERPRETATION OF IN SITU
DEFORMAT IONAL BEHAVIOUR OF A RECTANGULAR TEST SHAFT
USING FINITE ELEMENT METHOD Interntional Symposium on
Field Measurements in Rock Mechanics, Zurich 1977, «
pp 889-903. : )

Christov,7. & Iliev,S. CONSIDERATION OF NATURAL STRESSES IN
THE ROCK MASSIF AND THE TECHNOLOGY OF CONSTRUCTION WITH
RESPECT TO THE CALCULATION OF UNDERGROUND OPENING BY
MEANS OF THE FINITE ELEMENT METHOD International
Symposium on Field Measurements in Rock Mechanics,
Zurich 1977, pp 905-918.

Cdates.D.F. PROBABILITY OF PILLAR FAILURE AT ELLIOTT LAKE
. Advances in Rock Mechanics (Proc.. of 3rd ISRM Congress), -
1874, pp 990-996.

. Coates,D.F. ROCK MECHANICS PRINCIPLES Mines Branch Monograph
874, Ottawa, 1967. _ _

Cogan,J. AN APPROACH TO CREEP BEHAVIOUR IN FAILED ROCKS 19th-
~ . US Symposium on Rock Mechanics, 1978, pp 400-407. '

Crouch S.L. & Fairhurst,C. ANALYSIS OF ROCK MASS
DEFORMATIONS DUE TO EXCAVATIONS Rock Mechanics Symposium
A.S.M.E., 1973, pp 25-40. -

Crouch,S.L. ANALYSIS OF STRESSES AND DISPLACEMENTS AROUND
UNDERGROUND EXCAVATIONS: AN APPLICATION OF THE
DISPLACEMENT DISCONTINUITY METHOD Dept. of Civil & = .
Mineral Engineering, University of Minnesota,

~



130°

Minneapolis, 1976.

Crouch,S.L. COMPUTER SIMULATION OF MINING IN FAULTED GROUND
Journal of the South African Institute of Mining &
Metallurgy, Jan. 1979, pp 159-173.

Crouch,S.L. SOLUTION OF PLANE ELASTICITY PROBLEMS BY THE
DRSPLACEMENT DISCONTINUITY METHOD - 1. INFINITE BODY
SOLUTION International Journal for Numerical Methods in
Engineering, V10 1976,pp 301-343. :

Cummins,A.B. & Given,l.A. (editors) SME MINING ENGINEERING
HANDBOOK A.1.M.E., New York 1973, V1.

Cundall,P.A. A COMPUTER MODEL FOR SIMULATING PROGRESSIVE
LARGE SCALE MOVEMENT IN BLOCK ROCK SYSTEMS Proc. of
Symposium of the Intermational Society of Rock
Mechanics, 1971 Nancy 2, No.8,

Dunham,R.K. & Stace,R.L. INTERACTION PROBLEMS IN MULTI-SEAM
MINI#E 1$gh US Symposium on Rock Mechanics, 1978,
pp 174-179.

Duvall,W.l. GENERAL PRINCIPLES OF UWDERGkUUND OPENING DESIGN
IN COMPETENT ROCK 17th US Symposium on Rock Mechanics,
1976, pp 3A1-1 to 3A1-11, : .

Ealy,D.L.; Mazurak,R.E. & Langrand,E.L. A GEOLOGICAL
APPROACH FOR PREDICTING UNSTABLE ROOF AND FLOOR
CONDITIONS IN ADVANCE OF MINING Mining Congress Journal,
March 1979, pp 17-22.

Fadeev,A.B. & Abdyldayev,E.K. ELASTOPLASTIC ANALYSIS OF
STRESSES IN COAL PILLARS BY FINITE ELEMENT METHOD Rock
Mechanics 11, 1979, pp 243-251. :

/_

Faustov,G.T. & Abashin,P.A. CALCULATION OF PILLARS IN THE
ELAg;;C?;gLASTIC STATE Soviet Mining Science, V10 1874,

Goodman,R.E. METHODS OF GEOLOGICAL ENGINEERING West
Publishing Co., 1976, 472 pages. .



131

Gowd,T.N. & Rummel,F. EFFECT OF FLUID INJECTION ON THE
FRACTURE BEHAVIOUR OF POROUS ROCK International Journal
of Rock Mechanics & Mining Science, V14 1977, :
pp 203-208. ,

Grant,F. A REVIEW OF HISTORICAL UNDERGROUND COAL MINE STRATA
CONTROL PARAMETERS IN WESTERN CANADA IN RELATION TO THE
REQUIREMENTS FOR PRESENT AND FUTURE COAL MINES CANMET
report ERP/MRL 77-101(TR), 1977. .

Grobbelaar,C. THE THEORETICAL STRENGTH OF MINE PILLARS -
PART I THE CUBE STRENGTH OF PILLAR MATERIAL Journal of
the South African Institute of Mining & Metallurgy, Nov.
1968, pp 173-183. 4

Gyengg#. & Ladanyi,B. PIT SLOPE MANUAL CANMET report 77-29,
1997,

Hardy ,M.P. & Agapito,d.F.T. PILLAR DESIGN IN UNDERGROUND OIL
SHAé§7MIgg 16th US Symposium on Rock Medhanics, 1975, .
pp -266. .

Hobbs,D.W. SCALE MODEL STURMES OF STRATA MOVEMENT AROUND -
MINE ROADWAYS. APPARATUS, TECHNIQUE AND SOME PRELIMINARY
RESULTS 1International Journal of Rock Mechanics & Mining
Science, V3 1966, pp 101-127. A

Hoek ,E. & Brown,E.T. UNDERGROUND EXCAVATION ENGINEERING
Institute of ‘Mining & Metallurgy, 19807

Hoek ,E. ROCK MECHANIES LABORATORY TESTING IN‘THE CONTEXT OF
A CONSULTING ENGINEERING ORGANISATION International
douggaloof Rock Mechanics & Mining Science, Vi4 1977,
pp 93-101." : |

A4

Hustrulid,W.A. & Gangerico,R. THE SPLIT-PLATEN TECHNIQUE FOR
DETERMINING LOAD-DEFORMATION BEHAVIOUR OF MODEL COAL
MINE PILLARS 19th US Symposium on Rock Mechanics, V1
- 1878, pp. 130-136. ‘ : ,

Hustrulid,W.A. A REVIEW OF COAL PILLAR STRENGTH FORMULAS
Rock Mechanics 8, Springer-Verlag, 1975, pp 115-145,

International Society for Rock Mechanics, Commission on



e 2t e ki s . s i b

132

. Standardisation of Laboratory and Field Tests SUGGESTED
METHODS FOR:- DETERMINING TENSILE STRENGTH OF ROCK
MATERIALS(V15 1978, p 99-103); DETERMINING THE STRENGTH
OF ROCK MATERIALS IN TRIAXIAL COMPRESSION (vi5 1978,
pp 47-51); DETERMINING THE UNIAXIAL COMPRESSIVE STRENGTH
AND DEFORMABILITY OF ROCK MATERIALS (V16 1979,
pp 135-140);THE QUANT ITATIVE DESCRIPTION OF
DISCONTINUITIES IN ROCK MASSES(V15 1978, pp 319-368)
énternational Journal of Rock Mechanics & Mining

cience. ,

-~

Jaeger,J.C. & Cook,N.G.W. FUNDAMENTALS OF ROCK MECHANICS
“Chapman & Hall, London 1977, 585 pages.

Jeremic,M.L. CHARACTERISTICS OF WESTERN CANADIAN COAL SEAMS
AND' THEIR EFFECT ON MINE DESIGN Mining Magazine, Dec.
1980, pp. 557-564. -

Jeremic,M.L. COAL BEHAVIOUR IN THE ROCKY MOUNTAIN BELT OF
CANADA International Congress on Rock Mechanics,
Montreux, 1979, pp 189-195.

Jeremic,M.L. COAL STRENGTHS IN THE ROCKY MOUNTAINS Worid
Coal, V6 N9, Sept. 13880,pp 40-43.

Jeremic, M.L. EFFECT OF COAL SEAM STABILITY ON HYDRAULIC
- MINE DESIGN Journal of Mines, Metals and Fuels, May
1980, DR)P3'99.

Jeremic,M.L. INFLUENCE OF SHEAR DEFORMATION STRUCTURES IN
COAL ON SELECTING METHODS OF MINING Rock Mechanics 13,
1980, pp 23-38. | | _

¥

Jeremic,M.L. RUPTURING CRITERIA OF COAL BEARING STRATA,
W. CANADA Modérn Geology, V7 1980,pp 191-199.

Jeremic.M.L. STRENGTH OF COAL FROM THE STAR-KEY MINE NEAR
EDMONTON, ALBERTA CIM Bulletin, Feb. 1979.

. . 3] ) )
Kalia,H. SUPPORT CONSIDERATIONS FOR THE LONGWALL MINING OF
COAL Mining Congress dJournal, Sept. 1974, pp 126-128.

" Karwoski W.J. & Van Dillen,D.E. APPLICATIONS OF BUMINES
THREE-DIMENSIONAL FINITE ELEMENT COMPUTER CODE TO LARGE



133 -

MINE STRUCTURAL PROBLEMS 19th US Symposium on Rock
Mechanics, V2 1978, pp 114-120.

Kidybinski,A. & Babcock STRESS DISTRIBUTION AND ROCK
FRACTURE ZONES IN THE ROOF OF LONGWALL FACE IN A COAL
MINE Rock Mechanics 5, 1973, pp 1-18.

King,H.J.; Whittaker ,B.N. & Batchelor ,A.S. THE EFFECTS OF
INTERACTION IN MINE LAYOUTS 5th International Strata
Control Conference, 1972.

Kulhawy, F STRESS DEFORMATION PROPERTIES OF ROCK AND ROCK
DIS%?NTIQ%ITIES Engineering Geology V9 N4, Dec. 1975,
PP 3

Langland,R. EXPERIMENTAL INVESTIGATION OF ROOM AND -PILLAR
COAL MINING IN THE EASTERN UNITED STATES International
Symposium on Field Measurements in Rock Mechanics.

- Mendes,F.M. & Da Gamma,C.D. LABORATORY SIMULATION OF MINE

PILLAR BEHAVIOUR 14th US Symposium on Rock Mechanics,
18973, oo 177-118. , ‘

| L

Millard,D...; Newnan,P.C. & Phillips,J.W. THE APPARENT
STRENGTH OF EXTENSIVELY CRACKED MATERIALS Proc. of the
Physical Society, B. V68, 1955, pp 723-728.

Ortlggp . & Nicoll,A. THE ELASTIC ANALYSIS OF OBSERVED

RATA MUVEMENT BY MEANS OF AN ELECTRICAL ANALOG Journal
of the South African Institute of Mining & Metallurgy,
V65 N4, Nov. 1964, pp 214-235.

Ortlepp,W.D. & Cook,N.G.W. THE MEASUREMENT AND ANALYSIS OF
THE DEFORMATION AROUWD DEEP, HARD ROCK EXCAVATIONS 4th
International Conference on Strata Control & Rock
Mechanics, 1964, pp 140-150.

Oravecz,K.l. ANALOGUE MODELLING OF STRESSES AND
’ DISPLACEMENTS IN BORD AND PILLAR WORKINGS OF COAL MINES

International Journal of Rock Mechanics & Mining
Science, vid 1977, pp 7-23.

-

Pariseau,W.G. LIMIT DESIGN OF MINE PILLARS UNDER UNCERTAINTY
16th US Symposium on Rock Mechanics, 1975, pp 287-301.



134

Pariseau,W.G & Sorensen,W.K. BD MINE PILLAR DESIGN
INFORMATION FROM 2D FEM ANALYSIS International Journal
of Rock Mechanics & Mining Science, V3 1979, pp 145-157.

Parker,J. HOW TO DESIGN BETTER MINE OPENINGS Engineering &
Min1ng Journal, Dec. 1973, pp 76- 80

Rane5 M., Van Dillen,D.; ChuaAﬂ.K.P. & Balachandra THREE

IMENSIO AL FINITE ELEMENT ANALYSIS OF A COAL MINE
CROSSCUT AND ENTRY INTERSECTIaN 17th US Symposium on
Rock Mechanics, 1976, pp 1A6-1 to 1A6-5

Salamon,M.D.G. ELALSTIC ANALYSIS OF DISPLACEMENTS AND :
STRESSES -INDUCED BY THE MINING OF SEAM OR REEF DEPOSITS
(FOUR PARTS) Journal of the South African Institute of
Mining & Metallurgy, Nov. 1963, pp 128-149; Jan. 1964,
pp 197-218; May 1964, pp 468-500; Dec. 1964, pp 319-338.

Salamon,M.D.G. & Oravez,K.l. THE ELECTRICAL RESISTANCE
ANALOG AS AN AID TO THE DESIGN OF PILLAR WORKINGS Proc.
of 2nd Congress of the International Society bf Rock
Mechanics 1970, Paper -18. : .

Salamon,M.D.G. A METHOD OF DESIGNING BORD AND PILLAR
WORKINGS Journal of the South African ‘Institute -of
Mining & Metallurgy, Sept. 1967, pp 68-78.

Salamon,M.D.G. & Munro,A.H. A STUDY OF THE STRENGTH OF COAL
PILLARS Journal of the South African Institute of Mining
& Metallurgy, Sept 1967, pp 55-67. »

,Sheore ,P.R. & Singh,B. ESTIMATION OF PILLAR LOADS IN SINGLE
'CONTIGUOUS SEAM WORKINGS International Journal of
Rock Mechanics & Mining Science, Vi1 1974, pp 97-102.

SheorZ%T AE? STRENGTH OF RECTANGULAR PILLARS IN
IAL EXTR ION International Journal of Rock

Mechanics & Mining Science, V11 1974, pp 41-44,

Sorensen,W.K. & Pariseau STATISTICAL ANALYSIS OF LABORATORY
CDWPRESSIVE STRENGTH AND YOUNG’S MODULUS DATA FOR THE
DESIGN OF PRODUCTION PILLARS IN COAL MINES 19th US
Symposium on Rock Mechanics, 1978, pp 30-37.



135

Starfield,A.M. & Crouch,S.L. ELASTIC ANALYSIS OF SINGLE SEAM
XngCTIgg 14th US Symp051um on. Rock Mechanics, 1973,
.pp 421-4

‘Starfield,A.M. & Fairhurst,C. HOW HIGH SPEED COMPUTERS
ADVANCE DESIGN OF PRACTICAL MINE PILLAR SYSTEMS
Eng1neer1ng & Mining dJournal, May 1968, pp 78-84. .

Starfield,A.M. & Wawersik,W.R. PILLARS AS STRUCTURAL
COMPONENTS IN ROOM AND PILLAR MINE DESIGN 10th US
Symposium on Rock Mechanics, 1968 pp 793-808.

Starfield,A.M. & McClain,W.C. PROJECT SALT VAULT : A CASE
" STUDY IN ROCK MECHANICS International Journal of Rock
Mechanics Mining Science, 1973.

" Stimpson,B. MODELLING MATERIALS FOR ENGINEERING ROCK
, MECHANICS International - Journal for Rock Mechanics &
Mining Science, V7 1970, p.77. -

SzW1lski A.B. & Whittaker,B.N. CONTROL OF STRATA MOVEMENT
ARogNg gggE ENDS The Mining Engineer July 1975,
PP 1 '

Timoshenko,S.P. & Goodier, J.N. THEORY OF ELASTICITY
McGraw-Hi1l Kogakusha, 3rd Edition, 1970.

Wagner ,H. DETERMINATION OF THE COMPLETE LOAD-DEFORMATION
CHARACTERISTICS OF COAL PILLARS Advances in Rock
Mechanics (Proc. of 3rd ISRM Congress), 1974,

~ pp 1076-1081.

\,.f\

HhittakeryBaN. & Singh,R.N. DESIGN AND STABILITY OF PILLARS
IN égNggﬂLL MINING The Mining Engineer, July 1879, ’
PP .

@

{

Whittaker,B ”/ GROUND MUVEMENTS ASSOCIATED WITH
THE NEAR SURFACE CONSTRUCTION OPERATIONS OF A MINE IN
COAL MEASURES STRATA Internatieonal Journal of Rock
Mechanics & Mining Science, V14 1977, pp 67-75. -

Whittaker ,B.N. &“Hodgkinson,D.R. REINFORCEMENT OF WEAK
STRATA The Mining Eng1neer. June 1871, pp 595- 609



136

)

-
o
A

.

Wijk,G. SOME NEW THEORETICAL ASPECTS OF INDIRECT .
MEASUREMENTS OF THE TENSILE STRENGTH OF ROCKS
Inténational Journal of Rock Mechanics & Mining
Science, V15 1878, pp 149-160.

Wilson,A.H. CONCLUSIONS FROM RECENT STRATA CONTROL
MEASUREMENTS - MADE BY THE MINING RESEARCH ESTABLISHMENT
The Mining Engineer, April 1964, pp 367-375. .

Wilson.A.H. & Ashwin,D.P. RESEARCH INTD THE DETERMINAION OF
PILLAR SIZE The Mining Engineer N141, June 1872,
pp 409-427. ‘ ~

Wright,F.D. & Ahmed,B. LOAD DEFORMATION CHARACTERISTICS OF
"MODEL MINE PILLARS BEFORE AND AFTER CRUSHING 10th US
Symposium on Rock Mechanics, 1968, pp 785-792.

. . ey
Wright,P.L. LAYOUT OF CONTIUOUS MINER OPERATIONS IN THE
SMOKY RIVER MINES CIM Bulletin, March 1973, PP 167-171.

-~

Zhitkov,E.F. CALCULATION OF THE WIOTHS OF ROOMS AND PILLARS
WITH ROOF CONTROL BY CONVERGENCE ON YIELDING PILLARS
Soviet Mining Science, Vi1 1975, pp 1722, o

i y | | -

Ziepkiewicz,0.C. THE FINITE ELEMENT METHOD McGraw Hill, 3rd

ed. 1977, 787 pages.



APPENDIX 1

137



138

PROGRAM DDSEAMS DESCRIPTION

! !
" section 2. INTRODUCTION
Section 3. MATHEMATICAL THEORY
Section 4. NUMERICAL PROCEDURE
Section 5. PROGRAM OPERATION
R.Wright
' *

December 12th.” 1979

Mineral Engineering Dept.,
; University of ‘Alberta



139

Chapter 2

The design of underground mining structures for tabular
orebodies, suc; as coal sgeams, is primarily controlled by,
stability enalyses.' In erder to make an .ass;ssment' of the
stability of an excavation it is necessary to estimate the total
stresses and displecements after excavation has teaken place (the
total stresses are the sum of the initial stresses and thoqgg"
induced by the excavation, whereas the displacements are only
those induced by . the excavation i.e. the initial displaceménts
are zero). These stresses and displacements are then compared
with a set of stability or failure criteria to essess the

stability of the proposed design.

The total stresses and displacements after excavatiqn has
taken place are functions of: {1) the irfitial stress state prior
-to  excavation, (i) _the geometry of the excavation, (iii) the

'rock mass characteristics, and (iv) the excavation sequence.

(1) fhe '1nitial stress state is usually unknown and must be
‘measured or estimated from knowledge of similar strata conditions
"~ elsewhere.

- (11) The excavation geometry is a three dimensior .y urface which.

is ”usually cchpiex’in,reality and thus is normally simplified to
permit analysis to be under taken od/:‘}eisonable scale.

($41). The rock mass characteristics define the relation between

'INTRODUCTION
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the _stress changes and the displacements that they induce, the
nearer this relation is to reality, the grester ths complexity of
analysis required for. solution. The relation may be elastic
(Yinear or non-linear), plastic (rigid/ideally plastic,
elastic/ideally p\astié or elasto-plastic), or creep
{visco-elastic or visco-plastic). The material properties may be
the same 1in all directions (isotropic), equal in two directions
(transversely i{sotropic). or different in all three direction£
(ortho‘tropic). Geoiogicnly the rock strata usually has
discontinuities (joints and fsults) and the analysis may take

this non-homogeneous rock mass into ‘account.

(iv) The excavation -sequence 1is only important where the rock
mass characteristics have {rrecoverable displacements as in
plasticity (yield functions), creep (time dependent yield) and
slip surfaces (joi‘nts. faults). These relationships exhibit path
dependent effect upon the final results and reguire that the

excavation sequence be examined as well,

Historically the types of analyses that were possible, were .

simple and very restrictive in their applications. Usu‘alm the
geologicgl structure hid to be ignored, and the éxcavation
geometry and ma'tefihl behaviour greatly simplified in order to
provide clqsed form solutions. With the advent of computers,
numerical methods have become available which enable complex

geometrj_e's in three dimensions, with complex material ‘behavj_our.‘ .

and the modelling of geological reality fto be undertaken.
However, these complex formulations are both difficult to set uwp,

INTRODUCT ION
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and expensive to run, which usually precludes them from use in

practical mine design.

I

The errors involved in quantifying the rock mass
characteristics by measurement or estimation from intact ‘materi‘al
properties and geological st;-ucture are significant enough to
question the use of complex rock behaviour assumptions in the
analysis. It has been shown that for relatively deep excavations:
the zone of inelastic behaviour (region of yielding and failure)
is usually only aon_fined to the immediate vicinity of the
excavation and that the remainder of the rock mass may be assumed

A

to behave e1astical 1y.

There exists the need for a method of snalysis of mine
excavations which 1{s based on relatively siup'_le assumptions of
rock mass characteristics, is able to ‘imﬂate sufficiently
co'iplex excavation geometries, and is both simple and cheap to
run.\ thus enabling many layouts to be analysed. This usually
requires that plane strain-formlations are used which reduce the
problem to 2 two dimensionatone and the assuwption of linear,.
elastic behaviour of the rock mass to simplify the analysis.
These simplifications are adequate when the main requifement is
for an analygis technique which is used to examine -the
sensitivity of the overall design with respect to variation of

each of the major parameters in turn.

Finite element and finite difference cmputer proqram&
divide the whole area of 1nfluence of the excavation into

. discrete elements and aﬁproximtions are made to each element.

_— _ - INTRODUCT ION



- This  makes them relatively powerful for modelling complex
geometries ‘and material properties, but time consuming to. prepare
and costly to run. Boundary element programs only divide the
boundary surfaces into discrete elements, from which the stresses
and displcements at any"point in the rock mass can be calculated.
Because of the reduced nuvbe;- of elements with boundary &lement
programs in comparison to finite element programs, they are
usually much easier to set up and cheaper to run.

_ The DDSEAMS program described in this report is a boundary
element program which utilises the Displacement Discontinuity
Method as developed by S.L.Crouch. This program {s a

142

two-dimensional formulation (plane strain) for analysis of

muitiple seam extraction of linearly elastic coal seams in an
brthotropi'c ~linear elastic half-space. The seams are assumed to
haye negligible width -+in comparison te ‘their ]ength and lie
parallel and not too close to the surface. The program; as
.deve'ldped within the department, can handle up to five seams Uwith
uwp to e‘lghty elements per - seam, and 1is suitable for both

jnteractive and batch operating modes A special feature of the

program 1: that it can produce graphical output of stresses and
displacements within the area of interest whilst in interactive

.
e - N

E

INTRODUCTION
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ghapter 3
MATHEMATICAL THEORY
This section will only summarise the major stages in the
solution process and all detailed equations and some intermediate
steps are shown in ref 1. The numerical solution procedure
is described in the next section, and this section will only deal
with the derivation of the influence functions for the

fundamenta 1 displacement discon»tinufty 1ine segment that is used
in the solution. . ’ v

The theory of elasticity is used to calculate the effect of
a constant displacement diséontinuity over a finite line segmenf
parall-el to - the swface of a semi-infinite, homogeneous,

orthotropic linear elastic body y>0 (see Fig. 3.1).

~ x v
Ry Y W\ s\ N

o

MATHEMATICAL THEORY
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. J
The sgpecial case in which the directions of elastic synmetr-y'ofl
the material are paralidil to the x and y axeS will be analysed,
and plane strain conditions will reduce the problem to a
two-dinter;sional one. The following boundary conditions are
assumed :

(1) The disp1ac'esnents are continudus everywhere in the body,
except over the line segment in question. '

(i) The normal aﬁd shear stresses are zero all albng the surface

of th‘half-space (ground surface). - N

’ (111)' A1l stresses and displacements are zero at infinity.

The  problem considered will be the solution for the line
segment shown in Fig. 3,1 where :

xi<a , y=-h (h> o)

These conditions can be expressed as P‘

lim. Uy (x9) = lim. Uy (x,9) = {D*" Ixl<a

Ehd s y-=he, o, Ixi>a

lim. Uy (2,9) - lim Ug(x,y) = { Dy, Ix1<a

-y~h- A -3~oh¢ ' o, Ix] > a
where:- . ‘

The subscripts on O\,andi) denote the negative and positive sides
‘of the Hne y = -h ({.e. h,denotes the top of the crack}
D end D are the relative shear and normal displacements between

the two surfaces of the crack . .

- | o © MATHEMATICAL THEORY
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Ucand Ugare the actual displacements of the crack surfaces in the

x and y directions respectively.

Tr;e solution to this problem is found using the method of

images (Ref. 1), giving the results in the form:

s Uy + U+ U, (v=12)

Av I s »
oy = 0’;_3 + 0"3 + 0y Gi=12)

Where the superscripts denote the solution types:

A = Actual displacement discontinuity

1 = Image displacement discontinuity

S -‘ Suppiemental displacement discontinuity solution

The 1index notation refers to the usual tensorial notation, where

the direction of the x and y axes are replaced by xtand xa
respectively, thereafter the subscripts 1 and 2 refer to the

direction in which the function they define acts.
. . -

The solution 1{s obtained from the solution of a constant
displacement ,disoontinuit'y over"a finite line segment in an
infinite body and superimposing an ﬁnage solution to create a
shear stress free surface I(gr_ound surfa;:e). and 3 supplemental
solution to reduce 'the normal stresses to zero slong the same

surface.

. MATHEMATICAL THEORY



146

3.1 Actual Displacement Discontinuity

The solution for the actual constant displacement

discontinuity over the line segment in an infinite body
D;_ = (.Da, Dy) ’ iIx] <a s y= -—h'_

. A A
can be written as follows for U,and o, 3~

i

A
A s.'b.) x. . L f Ulouyoh) _ %29, 0hy)
U, Dulesidy (uzJ % "'j ’D’L Y c?'-‘;,,';f.‘

"

A
o;uz

3 (p.‘n %,y ¢ x,yaohs
C“D.[" Ef’;‘"“') l‘.l.LE;:’ h ]+C D,E!_ﬁ s,h)__‘);,{‘( ,,.h)]

" Where =

f (x y +h; ) ;:r"):".'h;) [(!. ehy) C"Chn(s'v_’:") - {4:eh;) arckan :";—E?)

_fx‘ﬂ)lv.lﬁot)’o‘(g‘oh;)", (xol)l‘ktm)’q f’;oh;f]

y = ‘scaled y c§-ordinates
| . h, = _’VX.
yooho = (erdy (i =12)

| wlution constant

gtz (e, c../(c.,+c“) (-Ls.,,.)'

Cu Cur C JLotc. are the material constlnts for relating stresses

to strains. =

MATHEMATICAL THEORY
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The full equations can be seen in ref.1.

“3.2 Image Displacement Discontinuity

x x
Expressions for the displacements U,and stresses ¢ due to

the 1{image displacement discontinuity in an infinite body (shown
Kl . . x x
in Fig. 3.2) may be written in a similar way. e.g. for U.and q.:-

b 4 : _
iU, = D.[—'— LA Ceoyh). ..'._.?..f_(’t,s.—u.i,, D E!n_ RIXCHTES NS A lﬂx.s.-h.)]

i+2) 3y, (1434) 3y, Yeg) In © (rega) Im
I .
- ! » » F) “h.) L .)l (x, - * -
. ¢S

Where : - f (5‘ ) = - (”z;)(l‘ou) i-hi ’ <h
.y& t = m (,“h‘) “‘h.(:l:::) "(3"“\1) mh“( :"‘)

- (x-a)‘(_ b*"(s‘-h;)l + (x+a) 'e.. ’bo.)‘! e.--l.s)l]

l‘————llf..—-—-——-l IMAGE
} 3 DISCONTINVITY

d<a , yum+h

I'Dg : T AcTWAL
4

DISCONTIN Urry

Ixi<a , 4= -h-

’

MATHEMAT ICAL THEORY
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3.3 Supplemental Displacement Discontinuity

' . 0 , the pormal stresses are :

| Fraz ™ g T © A T
o'sa = Oyy + Oyy 5 -Osy = Oyy
‘ gar&*}the shear stresses are zero : -
' A T A T
Oxy +Oxy = © , Oxy = ~ Oxy

. M Y .
The normal stresses are eliminated by superimposing- a

supplemental displacement discontinuity for the half space y<0,
that has appropriate’s'-tress boundary values ony z 0 :

S
Ouy = © < .

' - -0 + o0 - .
g T <X © s Y=o
Oyy = ~2 0y,

The boundary value of o, is defined in terms of the image

discontinuity’ Jpecause this solution does not
introduce additional discontinuities in the half space y€0.

' displacement

Thg supp'l_emontal. solution- may be written Tin terms of a

single pOtenHal.i(x.y') and the stresses cs;,and &,are found :

;;i (319|) — .)‘i(ngs)

Oy = ._C“ > 3y, 33y,
ST L2 o ICTA R A {EN - o
Ty = “Lae| "[FE T O3F |

. MATHEMATICAL THEORY
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Where : 28 .S
2 8 3 ! (x'g) + é I (".3) _— '®)
V Exy) = 72 e =

so that q is automatically zero when y s 0
This can be reduced to the following for U,land g_ :

G g [.'. !ﬂ&&-"v)_lfﬁsq-h)} - B PG }_t_(r.&-m}]

x L $271 ¥ dy, ¥y, l”,. )'QQ. .,
+2Ds ¥3f(x,u-0). x.mz,g,-;.} {'N"(x,u.-l-.) %M (x4 i.,%
¥,-% as kS 04 31 )

. /’

- ) flx, 00 ?___a:,s.—k; )_‘_{(_’s&-h)_ )‘f(’s&-‘u’}v
*'*s. dmdy, % L3y, C kY,

2Cu‘\£{‘ fah)_ Y, A%< z,,,.u.)} £ {l)‘i(x,;«lﬂ 8.3'{(:. &-h)}]

3y* dh 3y,

Where fix,y; =h, ) has the same meaning as for the image,
displacement discontinuity solution. ' '

3.4 Complete Solution

, The complete @lutim to thé problem is given by the sum of
the tbree separate ccuponent;". using ~ the principle of
superposition’ (The full equations Gan be seen in ref, 1. )
The .equstions sre elsborated by substitution of the appropriate

MATHEMATICAL THEORY
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derivatives of the fur;ction f(x.yﬂ. The results can be presented
in the Fdlloivinq manner : )

4
O, = [C;i-(xw,g) - (l;(x-g,s)]Dﬁ-{é(x«,s% ‘ff*"ﬁ):"bj

- . :
-G.; (xea,y)- % (x-a, )]Dg

«

035 = [C‘i-(xoa‘g)i - %(z-‘,s)]px +

~ | | p SUUNE
*0;3 = [C‘} (xen,y) - 5(2-0,5)]1 + -it""»?)" f’(:—a,s)- ):,}

~

. ‘ b - ) . ~ A} . -
' u., = [% (x+a, 4) ~€ (x-a,gz Dx,“i- [C.C’lﬂ,g)-- E ("‘_““;‘3) Dy

u'J = [S(:»n,ﬁ) - e-(x;a,g)J Dx +[ﬁ (x+a,y) ~ 'G. (x-a,g)] Dy ‘

o
¥

h

: - . T MATHEMATICAL THEORY-



Chapter 4

Jhe “mathematical " theory in section 3. has only discussed a
constant displacement discontinuity over a finity line segment .
The distribution of stresses and displacements within the
strbct'urg has been calculated as & function of- the ciosure (roof
. to floor convergence) and ride (shear displacement between roof
and floér) ciotmﬁents. In rethy the closure and ride oo'vponen_ts
- of an excavation within a seam are not constant over the whole

span, but are fenctions of the position along the opening.
. " e .

4.1 Single Seam o | S X

This  variation of displacement. discontinuities can be
nunerically modelled by t'reuvting the excavation 85 a series-of
finite line segments joined end to end as in Fig. 4.1

NS

~ S NUMERICAL PROCEDURE
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b

. . ) ‘ . 3 w’,
Using\the principle of superposit\on the tota! induced
e ot

stresses and isplacenllents at any point are found by sufnation of

the effect \’of esch displacemept discontinuity element (seam
element). The only problems that remain are the treatment of
migged and unmined seam elements, the calculation of the closure
and ride components (D and D ) t6"/be applied to each seam
el“nt. and the -treatment when complete closure between roof and
,{-floor “takes pllce‘ The seam 1is defined by assumirﬁ that each-
element whioh has not been mined has a normal stiffness K and 8

shear stiffness K .

The induced stresses ai&the centre of the i th. seam element _ &'
may be expresced in ‘terms of the displacrnt diicontinuities‘ N
(c),ocure D and ride D » f=1,N) at 211 N elements as follows :

N N - &
L L 0 i ©
o= )AD + .
S [T
T .
. . " " '¢|
3 .“,’

¢ = Zﬁb +

e B B e B

on i
sare the 1nf|uence eoefficients rollting nduced stresses due to

eachw-seam element :

&

. - NUMERICAL' PROCEDURE
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J

C

A= c‘;'(i-i'u-a,-h) - ¢ ~h) ’

yEQ. .2

De
{1,
“®
—~
X-
[}
u!..
+
®
-l
.
N\
|
wid
~
X
'
X
0
P
1
L
-’

A = G(i-%ea,-n) - G(i-3-a,-h)

where the" 6 Ffunctions are obtained from ref.1.

It is assumed that the initial stress state if such that the
principsl stresses are in the direction of the x‘nd y axes.and -
that the magnitude of the vertical stress is proportional to the
rock density ;nd the depth. '

v ‘_
)z
$ /rormL-’

. © -
' (é’) = O + h ¥,
n JreveL n
. (; = l,n) i
A’ system 6(‘_’2" simultanedﬂ’) linesr equations is formed for

k4
i e,

£Q 4.3

sthe rbquired solution of 2N displacement discontinuities acting
v on N seam elements by eqqating EQ 4 1 and EO 4.3. This solution
y‘ﬁﬂl only be valid +f all the elements ‘are mined, and there is no-
. total clog.ure betw.en roof and ?Ipor

-

To - 'simulate an_ unmined element that element is aséigned

-

NUMERICAL PROCEDURE
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~{§ ?
by
induceri s*'-ess values which are proportional to‘;ti_& lacement
discontiiu. iy values : . '0%\5
‘ i o ‘
o= KD s o= KD - EQ. k.
s $ 3 " nn (i- l,N) )
»
The final equations are : ‘
EQ. 4.5 MINED U~m~\zo
N N .
gy 9 N —_— ’ . 3
zﬁ b + YAd R K D
. ss s' sn n . . s 3
= Y . >
Gog AuE B I
AD + Xa b — h% 1 kD
ng 3 nn o non
%0 . L) e

where each element is defined as mined or umpined and the

relevant equation is associated with it.

4.»1.1 Complete Closure #

So far no account has been, ta)(én ‘of the wysibnity of
couplete closure tnking place h*commwpheﬁomenon iM vtoal mining
methods) and this sitystion 1:Mted for during tve iterative
solution of the serfes of equations in EQ 4.5 by vbhe follawing
steps‘: | ' - . o ©

{1) At each stage of iteration, the displacement of yym elements
approaches more closely the final soJutio_n" (thy iterative
procedure s describqp_later) These values may be Yehoted as

'D(k)md D(k) for the i th. element sfter the k th. iteration

‘ L ' ' NUMERICAL PROCEDURE
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cycle.

(2) 1f the i th. elenent is mined, the closure D (k) is tested to
see whether it is greater than or equal to the seam thickness. If
this is the case, we agsume that the solution for this element is
given by : N ' k RS

b=o0 , D= h, ‘

v .
3 : ad .. "i
<

(3) After the next cycle of iteration, the stress&‘mqung aoron

N .'.-\

a1l elements that were assumed to lladergo comfliete c pur,fvnn
the . previous . cycle \are computed. If the normal stress Yg Y"Ts
tensile (negative) at any such element, then the caomplete closure
restraint is removed nd the normaléi.splacmpt discdrit'inui,ty is
allodi to chan:;e. ‘ ) ' ' '

~

e

* Because theé F&df and floor are allowed to slide freely over

~each other'- (zero shear stress) then the solution is 'path

independent ({.e. independent of the mining sequence) and a
uniqué solution 1s obtained. Once the solution is found, the
stresses (hence strains) and displacements at any point may be
found by caloulting the influgnce coefficients of each element

" and using these combined wi'th the displacement discontinuity

solutions

P .

1.e. no shear stress {s transferred betwe'h thg ;qof.‘nd Haor
%,

and the closure 15 held equal’to the seam thi%; h‘

155

S

N ) NUMERICAL PROCEDURE



) 156

I

4.1.2 Itcration'Prooocs

7

The 2N simuitaneous linear equations can be written in the

form : -

N EQ. 4.6
[ i 3
AD + Xﬁb - B = o
ns g m R n
Jnl Y] v (1_ ') g
where (no closure) : .
7 MINED |JunmiINnED
. é Bs . - (o] 5’5(9
i T S »
B = -h¥% " | 4D
- . . B n.n

Jf the 1 th. equation has experienced conpiete closure'.‘ thé_n
the 1 th. sesm element conditions are defined and the i th.
equa;ions aro eliminated from -the system provided the next cycle
does not praﬁde tensﬂe stresses in that element, thus causing .

"1t to be freed again. : : ﬂ o -
f" . The systam of equations is solved by Gauss- Seidel 1teration
*3‘ ’u‘lth over relaxation. The Guuss Seide] iterative procedure is a

n\etﬂod where ,.n lnu:ptioq is first made for the solution values

’l‘\ »y L3 ‘
oﬁrﬁ and ] mﬂ during ¢ach 1tention cycle a better approximation
Ty
3 S e ¢ .  NUMERICAL PROCEDURE
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for the value of each unknown is calculated. The method is made
more efficient by using values which have been calculated in the
present cycle for the calculation of the remainder of unknowns- in
that cycle. A further optimisation is achieved by using
over-relaxation, where convergence of the solution is accelerated
by calculat'lng the. convergence (difference in solution value
since the previous cycle) of each *unknown and applying =
weighting factor ('qvor relaxation _'fac\tor) to give 8 better

approximation : !

(IS)(M') _ ( )(n) + (,J(A D)(m,)
()™ = (&) + wd)™

- , .
where : : :& ' v - ' , ’

W ow:é,_nn.nxﬁ'now FACTOR ___'SJ L£wL£2)

EQ. k.7

A
*

(nh+r) ‘ o L L
(D> = (VH- 1) TH AsrpoximATION oF [s)

A

~a

( )(") = 'hn-‘ Anﬁ?ox'{mnroon oF4 é
(net) L) L) |
(AD) =) @) a

.* denotes the n+i th. somtion ‘using Gauss-Seidel without
over-relaxatim . )
‘ ’The Montion process has convergod when :

! l(A’ ""'l& E PO I(Ag‘)" 'g E NUMERICAL PRBCEDURE
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' .&u‘r

where E is the specified error for all geam elements.

4.2 multiple Seams

L]

The basic, method {s the same as for a single seam, except
thati each individual seam' has 8 specified depth, thickness,
material properties and element types (see Fig. 4.2)

(M seams) .

NYMERICAL PROCEDURE
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7

For M seams with N elements in each seam, the stresses at any

arbitrary point (x,y) in the half-space y$0 may be written :

Y

. M :
0L fx9) E c,(.-,,..,,) c(x-i-,,a_]( ) +§[c (x-Eomy)- 5("‘*,5](6)’}
" ek |
. q,("s) = {[G::(x.,‘;.q,s)-é(x&--',)}é)"* E[c‘,: (x.-:im,s) - (i(hé -q.s)](é)”
) : 5 T ' .
EQ 4.8
where :

3’( is ‘the x co-ord. of the mid-point of the j th. element (all

jth elements have the same x co-ord.)

o, ™ e
Functions 9 to 9 refer to functionm?o E given in Section 3.
eand ref. 1. , for the m th. seam, wifh h replaced by the depth

m
of the seam h .

“The solutions are obtained by solving the following system

of equations in the same manner as for a single seam

<%

no " . . MIINE-D.UNMINED

{{ )"(6) + E(ﬁ)"‘(s)} .-u,' é(gf)“

(l‘l,N; (:I,m) . EQ.LA.

' _NUMERICAL PROCEDURE
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where l'( and :( are the shear and normal stiffness fo_r the £ th.
seam
i.e. ? @

K = (G'sum) ;‘l

s * EQ k.lO

¢ 4

"S = (E stnn) hf

(X)'ere the requ'lred influence coefficients at the L th. seam,
originuting from the m th. seam.

(l;)) and (Q) are the shear and normal displacement discontinuities .
dt the j th. element of the m th. seam.

This is a system of 2xNxM l'fnear simultaneous equations.

. §

: The program DDSEAMS hes been’ developed for solu!ion of

multiple seam mining prob'lems. with up to five seams and 80
elements modelling each seam.

* NUMERICAL PROCEDURE
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chapter 5
PROGRAM OPERATION

The computer program DDSEAMS solves the m..me‘ricaI problem in
Section 4., and outputs results in tabular ér graphical form. The
program was developed to be simple and quick to set up a
particular mine layout and allows interactive investigation of
the stress and displacement distributions fohubdl. If required the
program may be run in batch mode, but only tsbular results may be’
printed in this mode as the graphics option must be run from a
terminal. A 1ist of the major subroutines and variables, together
‘with a program listing is given in Appendix 1.

The program {s written; in Fortran IV and is intended to be
used in conjunction with the integrated graphics (‘AIG) nl}d‘
plotting - (*PLOTLIB)  subpoutine  packages available in the
University of Alberta Computing Centre. Single precision is used
“throughout, as this gives suffici"ent sccuracy end is more
efticipat in computing time than the use of double precisic;;\
stor"tge’ and calculations. The problem solution may be saved as a
binlr'y‘ vdntn file for'; re-ru.nning' the program again, avoiding the

cost of re-solution.

. As. many as five seams with up to eighty elements per seam
may. be modelled with the program in its present form. Each segm.
ha.s the same start and. end x co-ords, and the same number of
elements. >‘The equations are solved using Gauss-Seidel iteration

_with over-relaxation, ‘with the user ' trolling the solution

PROGRAM OPERATION
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tolerance, over-relsxation factor and the maximum number  of
iterations. After the solution has been found, and the output
mode has been defined, there are four alternative procedures :
saving the soluﬂon as » data file, caiculating the stresses and
displacements at .a' particuhr neim,v 'caculating tf;e stress‘es.
strains and displacements at a particular depth, and the

termination of the program run. -

- 5.1 Input/Output o

INPUT

UNiT 4 ....For a new run the data defining a particular problem

is read in from unit 4.

UNIT_8 ....The commands controlling the program run are read in

162

from unit 5 ‘which Hefaults to =SOURCEe (The Terminall for-

1nteraoflr:1ve operation.
‘UNIVT 7 ....For a re-run the solution for the prbblem is read in

from the data file sttached to unit 7.
,
OUTPUT
UNIT 3 ....The offseam results are written to the file attached
to unit 3 in a form that can be readily used in any later

analyses (e.g. ‘for contour plotting of principal stress

PROGRAM OPERATION -



calculations).
UNIT 6 '....The_ user prompt and error messages, plus graphical
output whilst in graphics mode, are output to unit 6 which
defaults to *SINK* (The Terminal) for interactive use.

UNIT 7 ....The solution can be saved o unit 7 as B binary data
file. ‘ ’

UNIT B ..The printed results are output in tabular form to unit 8
which s queued for printing, a typical output is shown in

‘Appendx )

UNIT 9 ....The data for plotting of graphical output is writtén

to unit 9 whilst in interactive graphics ‘mode.
]

1

The data file on unit 4 must contain data in the following

Y

form :
1. Title Card (20A4)

A title consisting of less than 80 alphanumeric 'éharacters {only
- the first 35 characters will be printe& in graphical mode).

2. Dimension Card (215,F10.3)

(1) NSEAM = Number of iemﬁ

- (11) NSEG = Nurbcr of elements A
(111) H¥ = Half-width of each seam element

77 PROGRAM OPERATION
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3. Elastic Constants Card (4E11.4, 3F5.2)

(1) EXX = Modulus of elasticity in x direction

(14) EYY = Modulus of elastic: ity in y direction '
(i11) EZZ = Modulus of elasticity in z direction
(iv} GXY = Shear Modulus in x,y plane

(v) VXY = Poissons’ r;tio. y strain due to x strain
(vi) VZX = Poissons’ "Q:“‘" x strain due to z strain

{vit) VYZ = Poissons’ ratio, z strain due to y strain

*

J
4. Rock Parameters Card (2F10.3)

(1) DENS = Density of country rock (ron.cg/uun— voLoﬁl)

(1§) SRATIOD = Primitive ho‘rizontil to vertical ;tress ratio.

14

Seam Cards for each seam :

5. Seam Data Card (F6.2.F8.2,2E11.4)
{1) THICK = Seam thickness
{11) DEPTH = Seam depth

{111) ESEAM = Stiffness modulus of seam

(4v) GSEAM = Shear modulus of seam

6. Séu-Excavation Card (8011)

Each charscter represents a sesm elm}\t, t4mined and 2:unmined,

NSEG seam elements must be specified.

PROGRAM OPERATION
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5.2 Running Program

In interactive mode the program is fir;t compileq to form < ~
the object code for the program : ’

$r sfortg scardszddseam.s spunchsddseam.o parz=d,noload J
The program can now bl run as follows : ,

§¢ ddseam.o+sig+*plotlib 3=(results) 4=(data) 7=(save) 8=(print)
9= (pdf) - ’ i
» ’ . .
The program prompts tho uur !or sxecut ion cowmmds and
prints the slternatives which are lvﬁhﬁlo or the formats of the
. data it roquirn. making the ruming,of thq progrem relatively

X simple. : . JRERN

For graphical output, after gnphicn data has beerr written:
onto unit 9 s (pdf), the scalcompq. 6’ot program must be run in
order to get a hard copy fro- the - ctfm plotter.

Run "time depends wbl'p e nuubdt,of elements snd seams, and
chn the number of 1ntiﬂlﬂ potnts t‘hit sce calculsted. ‘For four |
seams with 75 olunqnts ,p-r seapie) &out 12 seconds 1s required,
whereas for twd meh .uﬁh‘only 6 seconds is required. ' .

References: -t ) - o

- ""

1. Crouch, Steven 1.: "Analysi$ of Stresses snd
Displacements Aroupd Underground Excavations: en’

, Appnc-uon of the D ucouin oneonununy lothod'
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APPENDIX L. . - o ‘ .
 Computer Program DDSEAMS = =
TN JEURtR . .
----------- Ceceacmccoss /
Interna) Stﬁ'roufim ooyt K - ]

,, -

OKSEAI...Wtu tho struus nrvmwlwf; ‘at the‘v'mi._drpoi_‘h't
 of lll elements 1n.a gfven ungo for 'Y gi_. , soam. L
‘ -~ . - : 0 .

'osssm...ouuputu tho’ s.treu‘v..’”gtrﬁm '
opoclfiod dnp\lh qt « eo- ords theenms as tho 'untres of each pem.
-

* ! “

plm tho givan nnpt { C o A
- v ¥ eb o . ' X .

,GFUNC...'Cm'pu' - the - G functions as given in ref 1.

’ - ! ,» :‘.} L . ;. .
ol ‘.i e 7 e
. GRAPH. . .Plots up-to S purves on ? gr:nph

‘

esnv ..sas w the -;-uys for ubrbutine GRAPH

_ §TATS. ..Plots the probun apecifications T,

\IINEX...Mou n cross uction of the nim l-yout

. ISAR...Hetches th- u-sm pomons of the seam plottod by umzﬁ |

., i ’
ESSBE...PIM s mng. on the plot .

. . .

-~
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-
L@
~ ) ’ o‘
»ts.’ . N ~
a o .
. ) 1
“ Q ¥ , .
. Internal Functions ‘ : .
o : e e : ,
VAVG...Calculates an average value for a real array
. VMIN...Finds a ri;nﬁw;nvwe for a real array . '
P . ) . " ) Y
' ool o oo o O
HMAX. . .Find¥ a ma,xirnw,lue for- a m'ul apray. o
,Q‘: g '.;.'..~ o : g ‘, ,\ﬂ & ) A:i' . “ & “\_ .
" 'fTEI,-.'.P_lacei a menu ifem *’.tx;ﬂ}.nd re:grns on 1nteger ptcture ’
° S : "; T 2T -, .. :
) n Moo PR - . . . E
B A M‘l . i ] . . ; g 9& k‘ . R ve -
" y SR T '-»A:, Lo .
T o R A ,
. Extemn Sub#out?rp ﬁﬁ.v E o ¢
: N ’ o L s @ S ) .
PLOTS In‘tirlises p‘lottind file e
o . ‘* -'“ . f} - . - .
1GCTRL.. -Device con ot routine. L K ‘
o4 e Lk N A IS
T, o . . . T
) IGBQNS,. . .Cljevtes' l.. ap-picture within an existing one or empty
< acurrent one ‘ g _*/“ ‘ e
- R T s : L
"IGENDS...Ends.a sub<picture and retuPrs to the picture started by
1GBGNS or mc‘ms- . o .
: - ' ‘ ‘ =

lGVHi’T Vleuport transformltiorl fc# 1 pictu:e of a specific sizc

-and location

N -

‘ fv-.,IGCTNS ..Re activates a pictun to the current one for nddit“tcns

. _lBVEC.‘,Iult'iplo Hne dmnng rouune
¥ 4

lGTXT...Drmw; toxt .str1ng '(tnmfprution of picture is
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» G T S
Do . P )

'a'_ou‘ .
s .
. - 2 o
\ ‘! R f
»
g -
- y
LS - ’ \1‘&‘.’ G
- % .

5 IGHMT. . .Convehti ‘a-variable value to a character representation as

- t’;xt :(‘\‘ <'.J; *4 - R * . . . o - ,
¥R o ;w’y ' :

r"’;"‘ 1GMR. . . Adds ' ncn-lntenstfiad line: to the end of the -current

‘.. picture (co- ) ot
oy ‘ v :
vo- '“3“ IGTRAN...L , mm?ation of the picture when dram o -
% - . . L 4 s .
°IGDRON . Tumlates datl to fdom a pjct\:r. at the terminal or, to
the tnpe un“ﬁ %for plot files ' Y -
8 e ] .

IGDELS..,'Dglgtes 8 pictm‘from the data sﬁ)ucture " .

T . =
IGHA .Adds & non- intensifi&l"l;ne to tbe end of the-curr.nt e

] . !
B ¢ 8

& fipicture/bbjoct T T I . N R -

| TR &
I@IKS Returns a picture name’ for the: current sftion of the

»cur:or on tbe sc"

: '&ALE Finds t h_‘_cn]; j;;rai;n'férs ;‘or‘ graphs o .

. : S . i
o " LINE'.. Plo:s datl onto graph with scalinq,applied _. ‘ o a*%;*
.Ax152 ..Draws 8 single gnph _ui: .ui _th'r'_marks and"'nt;vafit’i‘m. |

IGVTX_TH.'.‘.\idds a text Btring to'a p'ii:iure;wg thout transformations

. uuﬁ,‘ﬁ:-ﬁbm
| N @' - - ,.

B 'nsmts - total ‘rumber of seams
: NSEG - totll nuuber of uu o-lmnts

@




HW - half-width of ‘_u;:h seam element

DENSE - density of the country rock ) .

SRATIO - primitive horizontal to vertical stress ratio

_DEPTH - array containing the seam depths , o ¢

THICK - &pray oontﬂning the seam th‘lcknenes - . »

]
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MIN - array gf the mined ctate for each seam (1=mined..2-umir\9d) . _

ESEAM - elistic modul4 for each soom : A

GSEAM - shear moaulf";pr ch seam ,

‘H - nrray&f‘offszd lcvﬂs - “ A IR
CEXX,EYY,E2ZZ - olllt)c “modul § for ,u-country ‘roc'kt'ln..x,_.‘y mv-a‘z

directions restctively b S 'v’ 7

VYX,VZX, VYZ kPoi‘uom ratios for the oountf'y rock ay-

# . ps- sfray of shear displacement discontinuities o

' 4DN - _array of normal displacenient disoontinujties
 hSS,ASN, ANS, ANN - Stress lnﬂuenc,; Casffictents =

\oss BSN, BN, BNN - mspucemant Influence Coefficients R

- MENU1T - lrray ‘of 1st cammand menu picture names

cw

,-uaqz. - nrny of 2nd comnand manu picture names

IPLOT - picture name of plotting aren overlny

o ITEXT - picture name of command. area overlay

P -GRAF - array o pictune names' of *plotted qraphs
; zlﬂINE -p1ctun name. pf mine cross secNon

- a¢
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Program DDSEAMS listing

- *

ct..“.‘.‘.l.‘....‘l..“......“‘l.“.‘“O...“.l-.‘..‘.i....".‘..l...c

c
c
C
c .
Q.
Cc
Cc
Cc
Cc
Cc
(o

Cc
C
C
(o
C
.C
ic
c
C
c
C
C
c
Cc
Cc
(o
c
c
Cc
c
Cc
c

TITLE: 'Amlyln of Stresses and Diaplacmnn Ar-ound Hultlplo.
Parallel! Seam-type Deposits by the Di.pl-cmnt
Discontinuity Method*

CODE NAME: DDSEAM
AUTHOR: Steven L. Gcouch : R Y

IMPLEMENTED/ADAPTED by: Fred £. fves
.

. * ! T
VERQION: O - : . DATE: FEBRUARY, 1978+, &
&m . : .

Program DDSEAM computos the duplacmnn and stresses 1nducod
by ths minig of multiple, parallel seam-type deposits using
Crouch’s *Displacement Discontinuity Method®. The program can .bi
run either interactively or {n batch mode. ‘rm computed results
may be obtained in the form of printed tables and/or plotted
graphs. . T 210 and *PLOTLIB 1ibrary routines are used 20 imple-
ment tho ] u:l optlﬁ. -

0000000000000 00A0N0000GMG

w.‘!han the emngot made tp mcorporato the plotting o
Jubi"lity of tho rpogram have been rewritten inorde e,
&”Gﬂ.k Co e @ . . _.‘,-. _,.' ey

SUBROUTINES cal)} )@.DDSEAN [+
'ONSEAM - tes thh stiésses & dhmacupnu s , c
OFSEAM - “computes thé . strasses & displiacemants al -afy-- c -

" pardilel H’m inkhe half-space y<O not on a_ssam. c
GFUNC - computes  the G-ﬂmgﬁon values as indicated ’on pug.lv c
. - 232-234 of Crouch's’ report. . ,C
g GRAPH - plots “up to' §- ng?. on a single labeied graph. ' . c
GETTY - moves the curve data into columns of a single matrix c
c . . for the“curve plotting routine, GRAPH. ¥ c
€ STATS -'_p!ot- the specifications describing tho miltiple c
c am m{ c
C ' . MINEX ots a cross-dection of the muitiple seam mine. c -
c -
ct.lt."t"..‘.5&.‘b..'...‘.‘!.‘.“‘.“l‘“..“O..".‘.“t“‘.“t‘&‘lt‘g

s

>

:n

5,

c‘

. COMMON/CONS/HW , DENSE~, SRATIO, NSEANMS , NSEG

: \ - COMMON/CMO/- [CARD(RO), EXX, EYY £2Z.VYX,V2X, VYI GXY

[COMMON/CM1/ GAM1,GAM2,01,02,CN1,CN2,S11,522,512,C66,8,BC66,
GM12,GY12$2,GM 152, GM2$2, GM1$3,0M283 1P 1, 02P1 :
cqgnn/cnz/ ASS(80,8,5),ASN(80,5,5) . ANS(80,5,5) . ANN(80.5,5)
855(80,5,58),8SN(80,5,5) ,8NS(80.5.58), BNN(80,5,5) :
comou/cna/menn(s»;rs(s) PN{5) . THICK(S), esem(s). _
GSEAM(S),MIN(80,8) . . ‘ ) o
COMMON/CM4/ DS(80,5),0N(80,58) . .- “y sXF
comon/cus/ uxe(80,8). uxu(wo smm(ao 5).UYN(80:8), sms(ao ) o

comon/cns/ 3‘(80,8) UY(80, ), ESXX(80,8) ;ESYY(80,8) , ESKY(80,8), . .
Y. 'SIGXX(80,8), smvv(ao 5). smxv(ao 8).H(8) "

. ww:z) vv(zu)

LREAL. . K1, K2,KS KN, WT(S) YWPT(S) :
IINTEBER \mnov CA‘LC DATSET IDAT(‘) IEMH(S) NEMM(S). . e .

LR . - . a -



*

-

C

c »‘ -Ylow for &

»

o mu.mzoos 10PY e
.GOTO 8

THICK ; ESEAM, G3EA
GM12,GM1

. DENSE,SRA!
MIN; {C,

) *ﬂ} tho bro-ixisﬁﬂg‘.tmln ratio.

: c'::': PRINT2003 : »
o ‘READ 1002, - SRN’IO ‘ : : - -
- GOTO 80O R
¢ . , .
C--- Read {n paravnun dofih!ng a new probliem.

20 READ(4,1001) ICARD

~ READ(4.1003) NSEAMS,NSEG,HW
*.  READ(4,1004) EXX,EYY, EZZ.GXY, vYX, vax.vvz
_ nuo(a 1005) DENSE , SRATIO v

c .
¢--- Compute oonstnnt. GAM1," GAM2, etc.
c’ o

e

p;aq.'nTAN(1.) '

ST1=1 . JEXX | : Lo

$22=1./EVY - S

S$3341./E22 S
$12=-VYX/EXX . - R :
CS13m-VZX/EXX T (0 oo .
$23=~VYZ/E27 ' ' L

171

v 10 READ(Z) ASS, mN.Asn ms 555 sm asn B8NS ,DS,DN,PS,PN, X H,DEPTH,.
EXX, BYY  E2Z,GXY,VYX,VZX,VYZ, Ki,K2,
T GAMY,GAMZ,QF,Q2,CN1.C sn s22, sg €66.8B,8G€6,
o ' aM 182, GV "GR1$3,GM283.Q1P1,Q2P1,
. DMAX EGA. - « .

o

- : GRAF(3), XIITLE(S;‘.W!TLE, .
: DATA IDAT/’SAVE’, 'ONSE’, ‘OFFS’, *STOP‘/, ? . o
1 ITEXT/'TEXT'/, 1PLOT/’ORAW’/, TOENT/’IBI s
2 IMINE/ ‘MINE’/, ISTAT/'STAT’/, CALC/’CALC‘/,
3 GRAF/’PLT1’, %PLT2',"PLT3'/, -
4 WINDOW/ ‘ WIND /. RN - 4
s XVWPT/-1.,-1.,.5,.5,-1./, m 8..75 .718,-.7%,-.78/,
6 xnn.s/ HORI’, 'zom' ‘AL D A’ *NCE’/; YTRTLE/' '/ _ @& '
¢--- mnuuzo , R K
Lvi=0. ' Tooe v N A L
C h 3 J o A
c Determine whether 'ﬁnw probum is to be lowgd dr whcthor "a AR
[ previously .wodsprobloq is to be read in. .-, . (he M
-4 .C 10PTsy -> e-det ined problem. e .
y»e BT=2 ->.sMw problem. . ¥ -~ T 7. 2 ~
: 5 Pﬂla% 2001 . T “
. READYO11§ ‘opr v ., M .
> GoTo (48,20).10PT o : ol

g

K
»

- CON=S11*S22- 512‘15120'(2 ‘512‘513‘5'23 511‘523'523 522‘513‘513)/533 ’

B .1_:_1,1-( §2-523+523/533)/CON -~ .
C1a=-{812-5 3°szs/sas)éogu o *
: ‘;:3-151 t~,51 *$13/333)/

bzr-m gczz-c(ﬂ&tz K
JIF (DE morqno\f. L
R mum!on' - S _
Te. STOP <Y S A
so m-sgm(czz/en'i S
- K3=0Q. 5*((‘.11tcaa—c1zt(2 -cssc»cm))/(cn*ccs)
- BF.(K2-K1) 88, so.ca > . )
ss‘mxmzou S : R




.4'(.

a 6C

agrmb

“stop. R '
60 PRINT2019. - . :
. *STOP Q 3

" C 'w‘9.<

Comr t. COH'“ tl{l"d "_b lubr'outino GFUNC .
s!zi SUM=5QRT( (K14 )
DIF=SQRT((K2-K1)/2.) i

#GAM1sSUM+DIF :

GAM2=SUM-DIF = . »
GM12=GAN 1+GAN2 o .
‘GM12$2=GM12+¥7 LT ) -

.. GMIS2eGAM{®e2 ¢ | s . '

L, GM282=GAM2+ 20 - “ ¥ .

emsa-amsz-mm I

~ 7 GM2$I=GMZS2NGAM2 S8 &

o 14(C114GM1$2-C66) /(L 12+C66) X -

4 m(cn-auzsz-ccc)/(bu«css) ' e
FUgipret, 444 . P N

\; - o;w-t +az~ )!" el \ .-

nlbwvozw/(z -Pf-(m 02)) .
(GAM14 uz)/*(eam-t;ku:) P

h"J‘

2,»-eum/(oxm-aln2) ) Lt o

C66=geCee ;. g
. e e . . e
c---‘ Read: ‘h npocinc.tiono for. ‘the: various. uanl

5. DO 70 _M=1,NSEAMS
REAQ[w, 10142 (MIN(N,M) N=1,NSEG)

. 7c'>.v' comnp&

»

c
C

cncgtotcaauba .ooq-a.-:w-t'utoo.tﬁ.-i-t(c-ann-n-t.ocmﬂ

S Crfe- T " \COMPUTE INFLUENCE COEFFICIENTS. e
Cttttt‘h“.l\‘tlt.ttt.t‘l.#t.l‘..‘.‘a.t‘:tt?t‘nt”tﬂ.‘tt
DT 200 L=} NSEAMS . w
7 HL=DEPTH(L) Q ,’ oo
DO 200 M={,NSEAMS - SRATEEI
" HMeDERYHOM) -
- DO 200 K=1,NSEG

- KKu2®(K~1) .
| { XP=HUlF (KK+1)

Lme
ra

XMt (KK=-1)

READ(4 1006) THICK(M),DEPTH(M) €SEW(I) , GSEAM(M)

CALL GF(NC(XP o, ~HL, G1P, G2P,GaP,G4P, GsP, GGP G7P G8P,G9P,

GiOP)

CALL GFUNC(XM,HM, -HL , G 1M, G2M, G3M, GAM, GoM, GG“ GTM, GBM, GOM,

ASS(K.N.L)-SCBG‘(GSP -Gsu) ¢ :
1 ASN(K,M,L)*BCE6*(GEP-GEM) . )
ANS(K,M,L)=8CE6*(G3P-GaN) Cent
Am(x.u.l. éu-(uv-m) R
. BSEI{K M, L -a‘(e'm.anl) . -
T BSN(K.ML (GEP-G8N)
. : ans(x N, L)'B“(BOP-M)
PR (x u L)-cs"(mop-mon)
2oo cowmbz .

xyxnn.ue ' S
mooonzon-iusems‘ c : o

oo PS(M)R0.T | - L .
o m(u)-nsusztoermm) - Y

oL BRI . B

Jal

¢

G'Oﬂ)

r5
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%
A2

. 00 220 I=1,NSEG , ’
DS(I,M)=0. 44% . .
. . DN(I,M)e0, ) .
220" CONT INUE .
c .
230 oo 240 I=1,NSEG
X(1)sHW*(20]-1- NSEG)
240 CONTINUE
c‘.0.‘.‘“......‘J...l"‘..‘..‘l‘“‘.‘.“-ﬁ“.“...‘.O.t-.‘
Cés* .- . SOLVE EQUATIONS BY GAUSS-SIEDEL ITERATION see
Cone ;. PROCEPS -~ WITH OVER-RELAXATION. - e
c‘t“.."‘....“li.‘.‘.“‘..‘.Q’..‘.‘O.'...“““.‘.‘...““
c "‘tb'lv- for shear & normal’ disp)acement dicontinuitin
. R=0
mnoas
250 PRINT2042 ‘
READ1013, N,TOL,OMEGA
251 PRINT2043 .
READ1000, IANS .~
GOTO(252,254), IANS:
GOTO 254 .

252 PRINT2044 "
2%::0 ITER={,N
W X=0.

KS=GSEAM(L ) /HO
R KN=ESEAM(L )/HO : .
.g’paws(u o : 5
" PPNePN(L) - . , o
i ASSEL=ASS(1,L,L) c
. L=ANN(1,L,L)
DO- 280 IL=t,NSEG
MINE=MIN(IL,L)
TMS=0, .
.- TMN=0, ' A Y
™y DDS=DS(IL,L) = . .
ST DDN=DN(IL,L)
...+ DO 260 M=1,NSEAMS. -
- ' DO 260 JM=1{,NSEG

© . DMS=DS(M,M) - - :
M-&l;m( , . Ny
- ADSTCog _ :

‘KeTaBsS(Lp)+1
2 EAC=TSIENY, LD)

> T THS=TNS Y KSS(K,M,L)DMS - FAC*A (K.I.L)‘Dm
. ' m-mv- nc'msm M, L)-ons = ANN(K,M,L)%OMN
‘260 , comrwe R SR
c .
o & Yo (268, 210).nme
265 TWS=TMS-PPS ~ - ‘ ) “
‘ . "m-ﬂlwm e
e oet.s-mshssu. ‘ :
. . . - DELNTMN/JANNLL - - -
£ - ‘eheck & correct for complete clonur-. bounary eondition
oo IF (gu umoou rmero)eoto 27% SN

T DELN=O, ' L
.ooto 273

1280 L1,NSEAMS - - EA N
«THICK(L) -~ -
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270

278

280
282

284
290

292

c
208

c

TMS=TMS + KSBDDS
TMN=TMN + KN*DDN
DELS=TMS/(ASSLL - KS)
DELN= (ANNLL - KN)

)=DDE + OMEGA*DELS
)=DON + OMEGA*DELN

. v
DS(1IL.
v DN(IL,
DELS=ABS(DELS)
" DELN=ABS(DELN)
o«  DMAX=AMAX 1(DMAX,DELS, DELN)
CONTINUE - L
GOTO (282,284), 1ANS
PRINT2045, ITER,DMAX
IF (DMAX.LE,TOL) GOTO 295
CONTINUE

NITER-NITER+N v
PRINT2039, NITER, DNAX
pn:mzow
000, IANS
{250.%00,9999), IANS
RINT2096, IANS
GoTo 292

Nl?ER-NITER#ITER %
PRINT2041 NITER,OMEGA, DMAX

274

c“‘l‘.ﬁ“...‘t.‘.‘.O““.““.l‘.“.l‘.“t..O‘l.“l‘.‘t“t‘.““l‘l“.

Croen
Cers
Cooe

CONPUTAF!ON CONTROL'SECTION

Ed

L2
LR
LT

c..“..l““l..‘O“.‘l“.‘t'.‘.t"“‘...‘.“O“t.‘...‘l..‘.t“.“t*...‘

e A
.c *
c ..
c

500

.Cens

$10

=

- WRITE(8,2021) K1,K2, Glﬂi GAM2,Q1, bz

Detarmine mode Qf output.
MODE=1 -> graphical onty.

MODE=2 -> both graphical & printed.

- MODE=3 ~> prlntcd onty.
PR!NTQOTO o
READ 1000, MODE

-GOTD. (508, 50%.305), uoos

PRINT 206485 ﬂg:;

QOTO K08 . ,
PRINESOT 1. ‘MEDE - .
GOTO (518,%10,510),. MODE

OUTPUT THE MINE sp_scs'.

66 11 Mo t,NSEAMS
WRITE(®,2012
WRITE(S, zma

"CONTINUE -

WRITE(S,2041) NITER, ouem,mx

xr (unoe Q. 3) mo 525 | v

: SEI»“P GR!PHICAL PICTURES

-.iw.»

"M, THICK(M) ,DEPTH(M) , PSEAM(M), esem(u)
(nmm M) .N=1,NSEG) )

[T T . Y

S

MWRITE(S8,2002) ICARD _ _ '

- WRITE(8,2008) NSEAMS ,NSEG,HW 7 : .
WRITE(8,2000) DENSE,SRATID ' .
WRITE(8,2010) EXX.EYY,EZZ,GXY,VYX,VZX.VYZ ~

~N

>
. .

EIY]
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515 CALLGPLOTS <
' CALL IGCTRL(CALC, ‘PACK’,’ON’)
CALL IGCTRL(’TERM', 'KEEP’, 1)
yTOP=.73 ,
CALL IGBGNS(ITEXT) ’
C~~-- mernu no. 1
MENUT(1)= ITEM( *BLOW-UP GRAPH<E>’',55,YTOP-.03)
MENUT(2)» ITEM(‘CALCOMP COPY<E>’,.5S5,YTOP-.08) &
MENU1(3)= ITEM(‘MINE X-SECTION<E>’,.55,YTOP-.15) )
. MENU1(4)= ITEM(’'CONTINUE<E>’, .35 ,YTOP-.21)
C~~- menu no. -2 . o ~
: MENU2(1)= ITEM('REDRAW<E>’,.0OS5,YTOP-.03)
MENU2(2)= 1TEM(‘'CALCOMP COPY<E>‘,.05,YTOP-.08)
CALL 1GENDS(ITEXT)
CALL IGVWPT(ITEXT,.5,9.,-.75,.75) -
. CALL IGBGNS(IPLOT)
C~--- dafine mine cross-section.
CALL MINEX(IMINE) :
. CALL ‘IGVWPT(IMINE,~-1.,1.,1.,3.) ] 3
C--- define statistics aupfay S .
o . ALL STATS(1
LL IGETNS(

i S(ISTAT) . .

‘ wn(xsnroo1ooo1o) «
vhwporn +or sach of tho graphs. °
CALL IGBGNS(GRAF (1)) . o
CALL IGENDS(GRAF(1)) - . :
CALL IGWPT(GHAF}ﬂ.ﬂ ,0.0,0.0,1. o)

CALL IGBGNS(GRAF(¥))
CALL IGENDS(GRAF(2))
)

c--- defi

CALL IGVWPT(GRAF(2),-

CALL ‘IGBGNS(GRAF(3)

CALL IGENDS(GRAF(3)) .

CALL IGVWPT(GRAF(3),0.0,1.0,-1.0,0.0) . . -
CALL IGENDS(IPLOT) .

1..0.0.-1.0,0.0)

C=-- plage drawing Qrp?‘n":ar loft squars of screen.
C--- also box this regi - . °
CALL 1GVWPT(IPLOT,-1.0.0.5,-.75, 15) t
© | CALL IGVEC(S,XVWPT, va'r) ‘ ’ )
525 PRINT2030’ 5 oo,
READ1008, DATSET
00 550 I=1,4 9
: IF  (DATSET.EQ. Imr(x)) GOTO. 575 .
.. 850 -CONTINUE _ 5
s PRINT 2000, DATSET S
GOTO 528 : : . . a\ #
875 eoto (eo00, 700, aoo nss) x - : '

B'cc.a :

), Coee SAVE, the comutat'onl ot 1nflucm:o coofﬂci.ntt. dtvlacmnt . -
TG uilcontinuity. and’ othér, variables for .nothor run. .- o
ct.t . b

céo \mn('r) Ass~Am,asu ANS, ssf.am BSN,BNS ;DS , DN, PS, PN, x H,DEPTH,

CK, ESEAMLGSEAM , EXXEYY,EZZ,GXY, VYX, VZX.VYZ,K1.K2, - ey

’ 2 mi GAM2,Q1,02,CN1,CN2,511,5225512,C66,8,B066, R

Q- GM12.GM31282,GM1$2,GM2$2 . emsa.mss 01?1 ozm ‘
o 4 © 7 ' DENSE,SRATIO,FW,DMAX OMEGA, °

o Lo S e” PO . ' s, .



h )
MIN, ICARD,NSEAMS NSEG ,NITER

GOTO 52% .
Cane
C*** COMPUTE siresses and dilplaconnt. at seam level(s).
ct“

700 PRINT 2080, NSEAMS,NSEG ‘ . :
READ10Q9, 1ISM,IB,IE &

IF (ISM.GE.1.AND. ISH.LE.NSEAMS) GOTO 710 .
PRINT2081, ISM . -

GOTO 700Q S " . :

710 IF (1B.GE.1 .AND. IE.GE.1 .AND. TB.LE.NSEG "AND. IE.LE.NSEG

1 “ " LAND, 1B.LE.IE) GOTO 720 °

PRINT2095, IB,IE  '*
© . GOTO 700 - ¥
c o S B

720 CALL ONSEAM(ISM,IB,IE) . _
GOTO (775,.72%,72%5), MOOE~W..
725  WRITE(8,2050) ISM "‘; v
D0 780 uJwjB,IE

» v

v

WRITE(8.2051) J. ux’(c' ). UXM(J. ISM),DS(J. ISM) ,UYP(J,ISM),

1 uyM(y, B
750 ,CONTINUE -

N(d ISH) S1GS(J,I5M),SIGN(J,ISM)

c ) . (
775 GO¥O0 @;776‘ '528) . , y
c LY .
c enmxcu. ourvur
176 onu. IGCTRL( “TERM, ’ERASE ) @
CALL meeus(xoem) ; -
CALL IGMR(.015,-.02) ”
CALL IGTXT(’'<RSCL>’, 1.5, ONSEAM:<E>’)
* CALL IGTXT(’'<RSCL>’,.6667,’ SEAM <E>') ~  * )
‘ CALL IGFMT(ISM,I’'.1) &
’ OCALL IGTXT(’ SEGS <E>")" . . :
7 CALL 1QFMT(IB,‘1’,2) EA " -
CALL 1GTXT(*-<E>’)° ST ‘b
- CALL JGFNT(IE,"1’,2) S 4 y aow
CALL IOEM)S(IDENT) a - ) :
N=O . R ..
... /DOI8O. I8, 1E - ‘ -
L a , !“‘N‘-‘ . ) . ]
T XX(N) =X () . . '
780 CONTINUE® - . ' -
.‘ 2‘m2 . e ?‘.. v
c. ’ -
[ plot shear dupl-cmntl and ditp{ac-mt ducontlnuity vulucl
. aCALL GETYY(3,UXP(1B,ISM), ’+U<BSUB>S<E>’,UXM(IB(TSM)
1 1 U<BSUB>S<E>’ ,DS(IB,ISM), ' D<BSUB>S<E>’.N3,YY,YYID)
CALL GRAPH(XX,YY,N2,3,YYID XTITLE, 19, ¥TITLE./T, s
o 5 - 'snun DISPL. & DISPL. mscou‘umrrv«>'.am€’(1))
K] }
¢ plot ndrmal dhpucunnta sha displacement discontinyity values.
- éALL GETYY(3,UYP(1B, ISM), “+U<BSUB>N<E>’, m(ls.x ), .
B < ~U<BSUB>N<E> ,ON( 1B, ISM), D<BSUB>N<E>/ ,NZ. \w.vvxn)
v CALL GRAPH{XX,¥Y,N2,3,YYID XTITLE, 19, VTITLE, 1
1 ) . 'nomuu. DISPL. s oxs L. DISCON’I’!MJITY<E>'

C p'lot -mw nnd noruﬂ lﬂ"'ll.l on sach sesm clomnt

-

oL GETYV(2, SIGS(IB, ISM), ' SIG<BSUB>XY<E>", sxen(ia 1

1o "SIGLBSUB>YY<E> ', DUMMY , coumv N2,YY, vvxo)
! .',.,‘_»_. L . L

‘ .i“‘ﬂ

cn;e(zﬁ .

\ad

17¢
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CALL GRAPH(XX,YY.N2,2,YYID XTITLE,19,YTITLE, 1,
1 ‘SHEAR & NORMAL STRESSES<E>’, onr(a))
GOTO 9000

Cees

Cese CoﬂP"ﬁE stresses and displacements at specified of f-seam locat
Ceen .

800 PRINT 2090, NSEG ~
LVLSLVL*Y .
READ1010, H(LVL),.IB, IE n '
IF (H(LVL).LE.O.0) GOTO 810 . ‘
. PRINT2091, H(LWL) . .
GOTO 800 : .
810 IF (1B8.GE.1 .AND. IE.GE.1 .AND. IB.LE.NSEG .AND. IE.LE.NSEG
1 . .AND. 1B.LE.IE) GOTO 820 ° _
PRINT2095, 1B,1E’ _ . 1
, GOTO 800 . .
C s
820 CALL OFSEAM(LVL,I8,IE) = | s : < _
GOTO (875.838,825), MOOE : : : T .
825 WRITE(B.2060) H(LVL) _* ° LA . .
D0 830 J=IB,IE @' .
WRITE(8:2061) J,UX(&,£VL) UY(U.LVL), ESXX(J, LVL).tsvv(u LVL).

1 ESXY(J.LVL), SI1GXX(J.LVLY),SIGYY(U,LVL), SIGXY(J,LVL)
WRITE(3, 3&1) J,H(LVL), X(4) . UX(J.LVL) ;UY (U, LVL), ESKX(J,LVL),
1 ESYY(Y, LVLT‘t,sxv(uﬁ:‘.) sxcxxw LVL),S1QYY(J, LVL) SIGXY(J,LVL)

3061 FORMAT (15,2F10.1.5F" aF10.

850 connuus S S
c : .

. 875 eoro (876.876,528), MODE - : e
c ¥ . : . 3*‘ 3 . . {j*:uw
C © GRAPHICAL OUTPUT e T T e
c - ’ & i

B76 CALL IGCTRL(’'TERM’, ERASE’) ‘ 3
: CALL GBGNS ( IDENT) _

w CALL JGMR(.O1S,.02)

CALL IGEXT(’<RSCL>’,1.5, 'orrssm <E>’) |
. CALL IGTXT(’<RSCL>‘, .GEWP, ¢ * Ym<E>") P
. CALL mru‘r(u(.t.vgg'r'.'r.n : R
‘CALL IGTXT(‘’ SEGS <E>’) - , K .
‘CALL IQFMT(IB.'1’.2) . R
CALL IGTXY(’-<E>’) . . .
o~ CALL IGFMT(IE,'1‘, 2) e :
CALL xcsmt(xoem) Lo . o e 5
N‘O ) . . 7 . . LI o . ’. .
* DO 880 a-xn x: L ' STy ﬁ
e xx(N;-x(a) . _ e . X
880, CONTINUE 4 e , N L
T N2uN+2 e ‘ T . - B
c . N ;. Ly - S ~d .
C, plot strain at this lqv.t : ~, \
BT CALL GETYY(3, EIXX(18,LVL), E<BSUB>XK<E>* , ESTY(1B; m.). . Sh
1 , ' E<BSUB>YY<E>’ ,ESXY(IB,LVL), ‘E<BSUB>XY<E>" .N2,YY, vua) '
_ - CALL cmpn(xx YY,N2,3,YYID,XTITLE, 19 YTITLE, 1,
t . ‘STRAIN s<£-' caiﬂ,w)) ' .
lf.’ . . i -
[ plot -u‘.ﬁos at thl- uvo! B 45( : -
L 'CALL GETYY(3,SIGXX(IB, Lvt.).'sm<asus>xx<s>' SIGYY(1B,LVL),
R 'sm<asua>vv<s>'.smxv(m LVL), SIG<BSUB>XYV<E>’ ,N2,YY, vvm)
' 'CALL GRAPH(XX,YY,N2,3, \wm.xnn: 19.YTITLE, I, J .
. -t '
. . . -0 -
: .‘.-' . N - N ..‘ [ 4 +
' & R I A - s
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B4

c
C

oo0oo0oan

¢

1 : '$s TRESSE S<!>'.GRAF(2))

plot shear and-normal displacements at this leve! .
CALL GETYY(2,Ux(IB,LVL), 'U<BSUB>X<E>’, uv(is.LvL),
1 ' ‘U<BS YXE>’ ,DUMMY , COUMMY ,N2,YY ,YYID) ¢

CALL GRAPH(XX,
1
GOTO 9000

y

Y, Nz 2.vwID, XTITLE, 18, YTITLE.?,
"SHEAR 8 NORMAL oxSPLAcensms<£>' GRAF(3))

4

-r-'é‘hAancs ,'uonxro'n-n

r

8000 CALL fG]'RAN( ITEXS,

CALL 1GCTRL(‘TERM{ ’ERAS®)
N2)

8040 INOEX=TGPIKS(2, ME

‘WIND’,0.0,0.5,-.75,.75) Lo .
[

GaT04 (§930. 0020) INDEX

'vxw' -1.:.8,-17%,.7%) ) ..

sozo c*t RAN( ** .
L1 1GDRON( *CA c') -
eALL 1GTRANC ' *u**, 'scus R
.GOTO 8010 »

18030 CALL IGTRAN(IPLOT,”SGALE".1.0)

.

"CALL IGCTRL(*TERM’, 'ERAS’ ) Co R
CALL IGTRAN(ITEXT WINDOW, 0.5.1.0.-.78. 218) 1 oo
‘9010 INDEX=1GPIKS(4, MENU1) . N T

8000
. 9120 cALL lﬁTRAN(lPLOT wINDOV - 1. O 0.0,-1.0,0.0)

C

9100 CALL
CALL -JGDELS( 'MESS’

" odro(uoc 9200, 8300, 9400} , INOEX W

’

'>>IOOICATE PLOT?2<E>’,.581,-YTOP)

(
S lMEX%ﬁS(a GRAF) . ‘ S

)

60T0(914Q,9120,9130), INDEX- -
9110¢ CALL" TGTRAN( IPLOT ,WINDOW - 1. 0.0. o o 0.1.0)

o GOTO"
GOTO 8000

9130 CALL IGTRAN(IPLOT, HMDOV 0.0.1.0,-1.0,0.0)

. .ajzog INT={GBGNS(O)

e

g
-2220 CALL IGTRAN(IPQ.OT V!W -1 .O ,0..1.)

b

N SALL 1GMA(.BY,-.
. . NPICI=ITEM(‘COMP

»

o

6€7) . i !vfg

CALL, 1GTXTE'SELECT OPTION:<E>’)

Lnucm.hoxspuu& .851,-.71)

NPIC2=I1TEM( ' GRAPHS<CRLF>ONLY<E>‘,.81,~.71)
lmsx-mnxs(mxm NPIC2).

~ CALL IGENDS(INT)
- CALL IGDELS(INT)

© CALL -TGTRAN(' MP* WINDOV.-1.,.5.-.78,.75)

QOT0: (ato.uzo).

ﬂiO CALI. iW(CALC)
m9230 s

CALL IEDRON(CALC)
"CALL 1GTRAN(IPLOT,
" CALL . TGDRON(CAMLC) .
CALL IGTRAN(IPLOT,
cm. uuadn(mc)

e . . o

e

WINDOW, »1 .o - 0.)
wm:ou o..1 .-1_.0 )

e . ,
LAt i . .

178
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CALL IGTRAN(IPLOT,’SCAL’,1.)

9230 CALL IGTRAN('*MP*’, 'SCAL{,1.)
CALL IGCTRL('TERM’, 'ERASE’)

GOTO 9010 - . : ! @
C ) .
c .
9390 CALL IGTRAN(IPLOT,WINDOW,-1..1..1..3.)
GOTO 8000 . -
[of .
c - ,
9400 CALL I1GCTRE(‘TERM’, ‘ERASE’),
GOTO 2%
c o A
9999 1F (MOOE.LE. 2) CALL 1GCTRL(CALC, 'ENDPLOT') A
STOP o X

FORMAT stntntm’s.
1000 FORMAT(11)’ ¢
1001 FORMAT (2044) .
1002 FORMAT (F10.0). S \ ' -
1003 FORMAT (218.F1Q.3) , ,
1004 FORMAY (4E11.4,3F8.3) : . ,
1003 FORMAT (2¢10.3) ; P
1006 rmr- ¢F8.2.F8.2,8811.4) -
F

1007 T (F9.2.2148) ¢ ' .

1008 FORMAT(A4) . ’ . .

1000 FOQRMAT(918) QY ‘ » o

1010 F T(F10.1,218) ‘ ‘ . g \ I S

1011 FORMAT (8011) ‘ o o ,

1013 FORMAT(13,2F$0.0) : . 8

c - ‘

2000 FORMAT(’-**e BAD DATASEY Quue - a8t ¢ : /

2001 FORMAT(’ mr nzotnvcm (Y=1.Ne2). "("l ) ”

2002 FORMATY 11,

2003 F (*Olnpart m,snno V7 difterent. .(F10)*) o

2008 FORRAT (‘OMUMBER OF SEPARATE SEANS =°,13, /*ONMMBER OF SEGNENTS* , |
1°IN EACH SEAN =°, 14,/ CHALF-WIDTH OF SEGMENTS --' LFE.3)

2008 Fomr(' wElGHMT OF ROCK =’ F8.3/,

. ‘ORATIO OF - m-!xtsnm STRESSES *“!/S}OVV v ,re.2) .
10 - FORMAT (°QELASTIC COMSTANTS S M EXX w4, 0 EYY ¢,

3

T L I E1V.4,/° EZT e’ E11.4.7° . QXY =/ E11.4./"  VVX =’
2 - e -'. ..2./° sz = .F8.2) .
201Q roun‘('-sncxncn SEAR NUMBER? 12, /. .
e/ 1 -o SEAN mmo!ss « . r9.2/ .. .
-2 , DEPTH =+ 78.2/ ,
9 *  MODUAUS OF  ELASTICITY =’ ,£40.3/
4 . - SHEAR MODULUS «’ . E10.3)
.2013 _FORMAT (‘O MINING PATTERN (1 = MINED, 2 = NED )’ [/ /%X, 13311)
2047, m)ah (-9 mmssme :us‘nc CONSTANTS, cnnc::-ma-cm LEO
‘ .

2018° FORMAT (7-**+ COMPLEX GAMY, GAM2 mt ALLOWED )
2019 FORMAT (’-+++ GAM1 = GAM2 NOT ALLOWED. ')
2021 FMT (’OELASTIC PARAMETERS - K{ w’ F8.2,/
co 22X,°K2 =’ ,F6.2/,
~zox.'um = ¥6.2/. Lo : )
;- 20X, 'GAMZ =’ ‘FG 2/, oo . . ‘ -,
22X,’Q%- =’ ,F6.2/, . o , : R
22X;'Q2: =’ ,F6.2). AR g

G‘.U”“



2030
2035
2039

2040
2041

2042
2042
—ous
45

2080

2051
2060

2061
2070

C

' C--COMPUTE STRESSES AND DISPLACEMENTS AT OFF-SEAM LOCATIONS.

.

180

Y
N

FORMAT (' OCOMMAND : SAVE ,ONSEam OFFSeam,STOP . . . (A4) ')
FORMAT(’- SOLVE for-displacement discontinuities.’'/)
FORMAT ('O*** ITERATION PROCESS HAS FAILED TO CONVERGE EQUATELY’

1/’ AFTER ' .13, ITERATIONS.'/’ MAXIMUM DIFFERENCE' .-
2 BETWEEN SUCCESSIVE'/’ ITERATES IS’ ,E10.3)

FORMAT( ‘OINDICATE ACTION:'/

1’ 1 - Continue {teratton~/

2’ 2 - Accept solution & proceed’'/

3 3 - Stop’/)

FORMAT( ' -SOLUTION DATA FOR GAUSS-SIEDEL ITERATION PROCESS’/,
‘O NUMBER OF ITERATIONS: , 110/,

. ’ RELAXATION FACTOR: ', 3X,F10.2/. l

» ¢ ATTAINED TOLERANCE:’,2X,E10.3/)

FORMAT(’ # iterations,tolerance.relax. factor: ...(13,2F10.0)‘/
. '87°)

FORMAT( ‘OPRINT INTERMEDIATE ITERATION VALUES? (1=Y,2=N)"')
FORMAT('- ITERATION MAX. RELAXATION'/)

FORMAT(4X,14 8X.E10.3)

FORMAT (' 1 STRESSES. DISPLACEMENTS AND DISPLACEMENT DISCONTINUI

1TY COMPONENTS AT~ SEAM #°- 11,/

2’0 SEG  UX(POS) UX(NEG) DX (=DS) - UY(POS) UY(NEG) DY (=DN)
3 SIGXY SIGYY',/)

FORMAT (15,6F10.6,2F10.1)

FORMAT (°¢ STRESSES AND DISPLACEMENTS AT OFF-SEAM DEPTH: Y=,

1 F8.1//' SEG X-DISP Y-DISP XX-STRAIN YY-STRAIN XY-STRAIN
2. SIGXX SIGYY SIGXY‘/)
FORMAT (15,8F10.6.3F10.1)

FORMAT (‘ INDICATE OUTPUT MODE...(11)‘/

1 ‘ {1 = graphic only’/

2 ‘ 2 = graphic & print’/

3 ’ 3 = print only‘)

FORMAT (' OUTPUT MODE #’,I1)

FORMAT (’INPUT: seam#(1-’,11,’), regton(1-’,12,7)...(315)')
FORMAT(’ sse SEAM ’,I1,’ 1S NOT DEFINED.’'//)

FORMAT (’'INPUT: depth(y<=0.0). region(1-’,12,')...(F10.1,215)’)
FORMAT (v ess DEPTH must be <= 0.0 DEPTH was: ‘' . F10.1)

FORMAT(’  *%* SEGMENT RANGE (’,.12,’-’,12,’) IS NOT DEFINED.'//)

FORMAT(®  *** BAD OPTION:'.12//)

END *

_______________________________________________________________ c
c

SUBROUTINE OFSEAM(LVL,ISEGB,ISEGE)

(s XeNoNel

COMMON/CONS/HW ,DENSE , SRATIO ,NSEAMS ,NSEG

COMMON/CM 1/ GAMt,GAM2,0Q1,02,CN1,CN2,511,522,512,C66,8,BC66;

. GM12,GM1282 ,.GM1$2,GM23$2,GM1$3,GM2$3,Q1P1,Q2P1
COMMON/CM2/ ASS(80.5,5).ASN(80,%,5) ANS(80,5.5).ANN(80.5,5),

1 BSS(80,%.%) ,BSN(80,5,5) ,BNS(80,5,5) ,BNN(80,5.,5)
COMMON,/CM3/ DEPTH(S),PS(5),PN(5), THICK(5), ESEAM(S),

. GSEAM(S) ,MIN(80,5)

COMMON/CM4/ DS(80,5),DN(80.5) '

COMMON/CM6/ UX(80,%),UY(80,5) ESXX(80,5),ESYY(80,5), ESXY(80.5).
1 SIGXX(80,%).SIGYY(80,5),.SIGXY(80,5) ,H(5)

vy=H(LVL)



DO 800 ISEG=I1SEGB, ISEGE .
UXX=0.
uvyy=0,
SGYY=-DENSE®*Y
SGXX=SRATIO*SGYY
SGXY=O.
DO 450 M=1 ,NSEAMS
HM=DEPTH(M)
DO 450 IM=1 NSEG
DDS*DS(IM, M)
' ODN=DN( 1M, M)
LD=2*(ISEG-1M)
XPeHW* (LD+ 1)
XMeHW*(LD-1)
CALL .GFUNC(XP ,HM,Y ,G1P . G2P,G3P,G4P ,GSP,G6P,GTP,GBP,GOP,

. GioP)
CALL GFUNC(XM,HN.V.G1“.G2M.G3M.GdM.GSM,GGM.G7f.GBM.GSM,
. G10OM)

SGXX=SGXX + BC66*((G1P-G1M)*DDS+(G2P-G2M) *DDN)
SGYY=SGYY + BC66*((G3P-G3M)*DDS+(G4P-G4M)*DDN) ,
SGXY=SGXY + BC6E6*((G5P-G5M)*DDS+(G6P-GEM)*DDN) .
UXX=UXX + B*((GIP-GTM)*DDS+(G8P-G8M)*DDN)
UYY=UYY + B*((GOP-GOM)*DDS+(G10P-G1OM)*DDN)
450 CONTINUE :
. EXX®=S11*SGXX + S$12¢SGYY . .
EYY=S522+SGYY + S12+SGXX ‘
"EXY=0.5*SGXY/C66
ESXX(ISEG,LVL)=EXX
ESYY(ISEG,LVL)=EYY
ESXY(ISEG,LVL)=EXY
UX(ISEG,LVL)=UxX
UY(ISEG,LVL)=UYY
SIGXX(ISEG,LVL)=SGXX
SIGYY(ISEG,LVL)=SGYY
» SIGXY(ISEG,LVL)=SGXY
2 500 CONTINUE

RETURN
c
END
C ......................................................................
SUBROUTINE ONSEAM(ISM, ISEGB, ISEGE)
c
C+- COMPUTE STESSES AND DISPLACEMENTS AT SEAM LEVEL INDICATED.
C
c ______________________________________________________________________
COMMON/CONS/Hw ,DENSE , SRATIO ,NSEAMS ,NSEG
COMMON/CM2/ ASS(80,5,5).ASN(B0.5,5).ANS(80.5,.5),ANN(80.5.5).
1 B855(80,5,5),B85N(80,.5,5) .BNS(80,5,5),BNN(80.5.5)
COMMON/CM3/ DEPTH{(S5),PS(5),PN(5),THICK(S),ESEAM(S),
» GSEAM(S) ,MIN(80,5)
COMMON/CM4/ DS(BO.5),DN(80,5)
COMMON/CM5/ UXP(80.5),UXM(80,5).UYP(80,5),UYM(80,5),51GS(80,5),
1 SIGN(80.5)
C [

DO 20 ISEG=ISEGB, ISEGE

181
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SGS = PS(ISM)
SGN =« PN(1SM)
DO 10 M = 1 ,NSEAMS -
DO 10 UM = 1 ,NSEG —~~
DDS*DS(UM. M)
DON=DN(JM M)
LD = ISEG - UM
K = 1ABS(LD) + 1
FAC = ISIGN(4,LD)
SGS = SGS+ ASS(W .M, I1SM)*DDS+FAC*ASN(K, M, 1SM)*DON
SGN = SGN+FAC*ANS(K, M ISM)*DDS+ ANN(K .M, ISM)*DDN
- BSS(K,M,ISM)*DDS+FAC*BSN(K M, I1SM)*DDN
= FAC*BNS(K,M,ISM)*DDS+ BNN(K .M, ISM)*DDN
- UP + TX
= UM + TX
= VP + TY
= VM ¢+ TY
1IF (ISM.NE.M) GO YO 10
(1ISEG.NE.JM) GO TO 10
= UP - 0.%5*DDS
= UM + 0.5*DDS
= VP - 0.5*DDN
VM = VM + 0.5*DDN
10 CONTINUE
UXP(ISEG, ISM)=UP
UXM(ISEG, ISM)=UM
UYP( RSEG, ISM)=VP
UYM(ISEG, ISM)=VM
SIGS(ISEG, ISM)=SGS
. SIGN(ISEG,ISM)=SGN
20 CONTINUE

RETURN

SUBROUTINE GFUNC(X.H,V.G1.G2.GS.G4,G5.GG.G7.GB.GQ,G10)

C-- COMPUTE THE TEN G-FUNCTION VALUES AS GIVEN BY £Q.(37.33)-(37.45)
C-- OF CROUCH, STEVEN L. ! :
C
c“"‘""’“""""‘"""”"""""f """"""" - "'"—"' -------------
COMMON/CM1/ GAN1.GAM2,01.02.CN1.CN2.S11.522.512.C66.8.QC66.
. GN12.GH12$2.GN1$2.G“2$2.GM1$3.GH2S3.Q1P1,Q2P1

YNHeY-H

YPH=Y+H _

YNHS 2= YNH* *2 .
YPH$2=YPH**2

GM1Y=GAM1sY -
GM2Y =GAM2*Y :
GM1X=GAM1*X

GM2X=GAM2*X

GM12X=GM12*X

G12X$2=GM12X**2
GM1X$22GMIX**2

GM2X$2=GM2X**2

GM1H=GAM 1 *H
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GM2H=GAM2*H
G1YG2H=GM 1Y -GM2H
G2YGIH=GM2Y -GM 1H

Ut=1./(GM1X$24YPHS2)
UZ=1./(GM2X$2+YPHS2)
GU12=GAM1*U 1-GAM2*U2
Viel./(GMIX$2+YNHS2)
v2=1./(GM2X$2+YNHS2)
Wiei./(G12X$2+G2YGIH**2)
w2=1./(G12X$2+G1YG2H**2)
Ri=-ALOG(GM182*U1)/Q1P1
R2=-ALOG(GM2$2*U2)/Q2P 1
St1=-ALOG(GM1$2*V1)/Q1P1
$2=-ALQG(GM2$2*V2)/Q2P1
T1e-ALOG(GM1282~W1)/Q1P{
T2=-ALOG(GM1282*W2)/Q2P 1
Z1=G1YG2H*W2
22=G2YGIH*WY
P=GAM2+Z2+4GAMI*Z |
WiPW2eW1+W2
FuCN1*(GAM1*V1+GAM2*V2)
FYNH=F *YNH

C Fd
G1--YPH‘(U1/GAM1—02/GAM2)-CN1‘YNH'(V1/GAM1+V2/GAM2)+CN2/GN12'P
G2=X*(GU12-F+CN2*(GM2$2*W1+GM1$2°W2))

G3=YPH*GU12+FYNH-CN2* (GAM12Z24GAM2°Z 1)
Ga=X*(-(GM1$3°U1-GM2$3*U2)+CN1*(GM1$3*V1+GM2$3°V2)-CN2*

1 GM12$2°*W1PW2). T .
G5=X*(GU12+F-GM12¢CN2*W1PW2)

GE6=YPH*GU 12-FYNH+CN2°*P

GB--O.5'((GAMi‘R1-GAM2‘R2)-CN"(GAM1‘Si*GAN2‘S?)#CN2‘(T1*T2))

GQ--O.S‘((01‘R1/GAI1-O2‘R2/GAM2)OCNi'(Q1‘S1/GAM1¢Q2'S2/GAN2)‘

1 CN2°(Q4°T14Q2°T2)/(GM12))

S1=ATAN(GMIX/YNH)/Q1P 1 -

S2=ATAN(GM2X/YNH)/0Q2P 1

T1=ATAN(GM12X/G2YG1H)/Q1P1

T2=ATAN(GM12X/G1YG2H)/Q2P1

R1=0. -

R220. .

IF (YPH.EQ.0.) GO YO 15

R1=ATAN(GMIX/YPH)/Q1P1 _

R2=ATAN(GM2X/YPH)/Q2P1 ;
15 CONTINUE .

G7-(R1-R2)+CN1'(S'¢S2)-CN!‘(GAN1'T10GAM2‘72)/(GM12)

vG10"(01'R1-02‘R2)*CN1‘(01‘S1+Q2‘S2)-CN2‘(GAH2‘01‘TI+GAN1‘02‘T2)/

1 (GM12)

RETURN

END ,
c......'.“..‘.‘...'..““‘.‘...““‘...‘...‘.......‘.‘..‘..“.".“.‘.C
c : c
SUBROUTINE GRAPH(XX.YY.N2,M,YYID XTITLE NX, YTITLE,NY.GTITLE, IPICT)

c (o4
C--- Routine to draw up to 5 curves on one graph. The scale [+
C-=-~ paramthra of the most deviate curve are used for all c A
C--- curves. Each curve must have the same number of points. Cc ;/
Cc L] . of curves Cc
C N2 no. of data points ¢ 2 [



COMPLEX*16 YYID(1)
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C XX vector of absisca values o
C YY(1,§) vector of j’'th ordinate values ., C
c YYID vector of 16 char. words describing YY(1,}) c
c XTITLE vector of characters to label x-axis. c
c NX no. of chars. in XTITLE (see AXIS-*PLOTLIB) c
c YTITLE wvector of characters to label y-axis. c
¢ NY no. of chars. in YTITLE (see AXIS-*PLOTLIB) c
C GVITLE vector of characters used to label the graph. C
[ This string of characters is terminated by Cc
[of the characters "<E>". C
C ' . [
ct.““...t“‘..‘.‘.‘-..“...‘.‘....“‘.‘.‘0..‘.’.O..‘.“‘i‘.'.‘.....“.Oc

DIMENSIDN XX(1).VV(N2*1).ISVMBL(5)

INTEGER XTITLE(1),YT7]

DATA ISYMBL/’a<E>’,’'b<E>’,’c<E>’,

LE(1).GTITLE(Y)

Id<E>l . I.<E>I/

N=N2-2
CALL IGBGNS(IPICT, ‘WIND’,-0.8,11.%,-0.5,8.5)
CALL SCALE(XX,9.0,N,1)
C .
(o find common scal ing parameters for all curves
MN2=M*N2 Y
CALL SCALE(YY(1,1),8.0,MN2,1)
AMIN=YY (1, M+1)
ADELT=YY(2,M+1) .
C R
[ set scale parameters for oach'curvo
DO 850 J=t1., M )
YY(N+1,J)sAMIN
YY{N*2,J)=ADELT
50 CONT INUE
C P
Cc draw the curves.
ICHAR=0 .
00 13S0 J=t . M ) ©
CALL LINE(XX,¥Y(1,J).N, 1,2 ICHAR)
ICHAR=ICHAR+ t
150 CONTINUE
C .
C piot first the X-axis followed by the Y-axis.
CALL AXIS2(0.,0.,XTITLE,~NX,9.,0.,XX{N+1) XX{N+2).1.)
CALL AXIS(O.,0.,YTITLE,NY,8.,00.,AMIN, ADELT)
Cc
C describe the curves.
CALL IGMA(9.5,8.0)
DO 200 uJ=t M
CALL IGTXT(’'<ASCL>’, .18, '<FONT>’,‘PLOT’,ISYMBL(J))
CALL IGTXT('<FONT>’, 'TASC’,’ = <E>’,YYID(J), '<CRLF><CRLF><E>’)
200 CONT INUE
C
Cc tabel the. graph.
CALL IGMA(1.5,8.0)
CALL IGTXT(’<ASCL>’,.18,GTITLE)
CALi,lGEmS( IPICT) -
Cc <
re fimn
END

c‘t"......'..t.‘.‘...“..‘..‘..‘.‘.i“““..‘.."‘.‘.“...‘O......‘.c

C

c



C
C---
C---
C--~
(o

(o}
C
C
C
C
o
C

0 BERNF 0000000008200 ¢0RedR RO PP RRNRENRRECERRBOePtERItiteatsstecdns

SUBROUTINE GETYY(M,Y1,IDY1,Y2,1I0Y2,Y3,10Y3,N2,YY,YYID)

’

c

Routine to move the curve data into columns of a single C
matrix for the graph plotting routine, GRAPH. Curve label- C
1ing text s also assembled for each curve. c
L number of curves to be assembled. Cc

Yi vector containing {‘'th curve ordinate values 4
10v ¢ 16 char. word describing {‘th curve c

N2 no. of data points + 2 ) [
YY(1,j) vector of j’'th ordinate values (output) c
YYID | vector of 16 char. words defining curves(output) C

: c

c

COMPLEX*16 1DY1,1DY2,1DY3,YYID(1)
DIMENSION Y1(1),v2(1),v3(1),vY(N2, 1)

N=N2-2

YYID(1)=1DY1

DO 10 . I=1,N : . .
YY(I,1)=Y1(1)

10 CONTINUE

1IF (M.LT.2) GOTO 40 ’
YYID(2)=1DY2 .
00 20 1=1,N
Yy(1.,2)=v2(1) .

20 CONTINUE

IF (M.LT.3) GOTO 40

YYID(3)=1DY2

DO 30 I=1,N
Yv(1.3¥=v3(1)

30 CONTINUE

40 D0 SO J=1.,M

XY{N+1,J)=YY(N, J)
YY(N+2,J)=YY(N, J)

S0 CONTINUE

. : .

RETURN . P

4

END e

C.I..'II-..-.-I---II..ll.ﬂ...‘l!....-I.III..I-...'III.-II.IIC

c
c

c--..I.---.-.-..-.I.--.-....III...-.I.I------..---------..---c

c

c
C---
C---

+
C-- to place a message "ISTRNG", starting at ABS(X.Y)

c..--‘.---..--.."--."‘.------...-..--..--.--.--ﬂ---.--I-.---'.- P

SUBROUTINE MESSGE(ISTRNG.X,Y)

C
C
- [+
: G
DIMENSION ISTANG(1)
CALL FE@BGNS( 'MESSAGE’)
CALL IGMA(X,Y) ’ ’
CALL IGTXTH({ISTRNG)
CALL IGENDS( 'MESSAGE’)
RETURN
END

. c
INTEGER FUNCTION ITEM(ICMD,.X.Y) LA

1 X2 X3}

Function to ace menu {tem at position X,Y and
return a pifture name for the item.
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c - ‘ c
C.-llll-IIII--II---I-II-.I..-----III-!lI.III.III..III.II.I.IC
DIMENSION ICMD(1)
ITEM=TQBGHNS(O)
CALL IGMA(X,Y)
CALL IQTXT(ICMD)
CALL IGENDS(ITEM) .
- RETURN
END
Cl--I;-II-II-II-.-.-----.--.-.I'..--.--I-I--I--II-I----.--.lc
c . c
SUBROUTINE STATS(IPICY)

.

C C
C--- Routine to plot the statistics describing the Cc
C~-- multiple seam mine. C
[ ‘ C
c.----II.--I-I.--------.---.I-.-----.-I--I---..l--l-l--l-I-Ic
COMMON/CONS/HW , DENSE , SRATIO,NSEAMS  NSEG
COMMON/CMO/ ICARD(20),.EXX EYY E2Z,VYX,VZX,VYZ, GXY
COMMON/CM3/ DEPTH(S),PS(8).PN(S),THICK(S), ESEAM(S),
. GSEAM(S),MIN(80.5)

CALL IGBGNS(IPICT.'WIND’,0.,1..0..1.)
CALL IGMA(1.000.0)

. CALL IGDR(-.998,0.0)
CALL IGDR(0.0.t.0)

CALL IGMA(O.0Ot, .94)
CALL IGFMT(ICARD, A’ 35)
CALL IGMA(O.01, .84)
. CALL IGTXT(’'N<BSUB>SEAM<ESUB>=<E>')
CALL IGFMT(NSEAMS,'1’,3)
CALL IGMA(O.01,.78)
CALL IGTXT('N<BSUB>SEG <ESUB>w<E>’')
CALL IGFMT(NSEG,’'1’,3)
CALL IGMA(0.01,.72)
CALL 'IGTXT(‘WD<BSUB>HALF<ESUB>=<E>’)
CALL IGFMT(HW,'F’ .6,2)
CALL IGMA(0.01, .66)
CALL IGTXT('WT<BSUB>UNIT<ESUB>=<E>’)
CALL IGFMT(DENSE,'F’,7.3)
CALL IGMA(O.0t%,.6) a
CALL IGTXT(’SIG<BSUB>XX<ESUB>/SIG<BSUB>YY<ESUB>=<E>’)
CALL IGFMT(SRATIO,’F’.7,3)

CALL IGMA(.4, .84)
CALL IGTXT('E<BSUB>XX<ESUB>=<E>’)
CALL IGFMT(EXX,’E’,7,2)
CALL IGMA(.4,.78)
CALL IGTXT(’E<BSUB>YY<ESUB>e<E>’)
{ CALL IGFMT(EYY,'E’,7,2)
CALL IGMA(.4,.72)
CALL IGTXT('E<BSUB>ZZ<ESUB>=<E>‘)
CALL 1GFMT(E2Z,’E’,7,2)
. CALL IGMA(.4,.66) .
CALL IGTXT(’'G<BSUB>XY<ESUB>=<E>’) -
CALL IGFMT(GXY,’E’,7,2), s -

CALL IGMA(.7S,.84)
CALL IGTXT(’'V<BSUB>XY<ESUB>=<E>')
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‘CALL IGFMT(VYX, ‘F’,3.2)
CALL IGMA(.75,.78)

CALL IGTXT('V<BSUB>ZX<ESUB>a<E>"’)
CALL IGFMT(VZX,'F’',3,2)
CALL IGMA(.7S3,.72)

CALL JGTXT('V<BSUB>YZ<ESUB>=<E>"')

CALL IGFMT(VYZ, ‘F’ ,3,2)

CALL IGMA(O.01,.8)
CALL IGTXT(‘SMs
CALL IGTXT(’

CALL IGMA(0.0t, .46)
DO 20 J=1,NSEAMS

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

IGTXT( '<CRLF><E>"')
IGFMT(vU, '1’,2)
IGTXT(’ <Ep’)
IGFMT(ESEAM(V), ‘E’
IGTXT(’ <E>’)
IGFMY(GSEAM(Y), ‘E"
IGYXT(’ <E>')
IGFMT(THICK(J), 'F’
IGTXT( ' <E>')
IGFMT(DEPTH(J), 'F"

20 CONTINUE
CALL IGENDS(IPICT)

99 RETURN
END

-

.8.3)
.8,3)
,8)

.6,1)

E<BSUB>SEAM<ESUB><E>’)
G<BSUB>SEAM<ESUB>

THICK

.

DEPTH<E>')

187

C‘...'......O“‘““.....‘..“.‘.““0‘..".“‘“.....‘.‘.....‘....‘"‘c

c . . .
SUBROUTINE MINEX(IMINE)

C

C--- Routine to plot a cross-section of thg muitiple seam mine

C--- that is under investigation. The sane¢ x-axis as used for .

C--- the graphs is used here to ease interpretation. Also the

C--- seam segmentation is drawn as an additional aid.

c L

COt‘.0.0..O‘0..‘.‘....‘..‘,.‘0‘.0..."..“...“‘....C.*“..‘ﬂ.‘..‘“..“

COMMON/CONS /HW ,DENSE , SRATIO, NSEAMS ,NSEG

COMMON/CM3/ DEPTH(5),PS(5) .PN(5),THICK(S),ESEAM(S),
. GSEAM(S) ,MIN(80,8)
DIMENSION X(4),Y(4)

IMINE=IGBGNS(O,'WIND',-.5,9.5 -.5.9.98)

Y(1)=-VMIN(DEPTH NSEAMS)
Y(2)=-VMAX(DEPTH,NSEAMS)

C--- verify that the scaling in the y-direction is such that the

C--~ seams appear about 1/20°th of the vertical scale.
AVHOSVAVG( THICK ,NSEAMS )
RANGE=ABS(Y(1)-Y(2))

IF  (AVHO.LE .RANGE/20.)
HRNGE=(Y(1)+Y(2))*.5
Y(1)sHRNGE+10. *AVHO
Y(2)=HRNGE- 10. *AVHO

10 CALL SCALE(Y.,9.0,2,1)

YMIN=Y(3)

YODELT=Y(4)

GOT0 10

0

C
Cc
C
C
Cc
Cc
Cc



‘188

C--- use the same scaling fn the x-direction as used for the graphs.
X(1)aHW*NSEG
X(2)=-Xx(1)
CALL SCALE(X,9.0,2.,1)
v XMIN=X(3)
XDELT=X(4)

C--- draw a segmentation axis, annotating every S'th segment along seam
We2 *Mw
NSEG1=NSEG+ 1
DTICeS . *W/XDELT
AX=(X(2)-HW-XMIN)/XDELT
AXLEN=(W*NSEG1)/XDELT
AXDELT=NSEG1/AXLEN
CALL AX2EP(DTIC,2,0.4)
. CALL AXIS2(AX,9., 'SEAM SEGMENTATION’, 17 ,AXLEN,O.,0. ,AXDELT,.DTIC)
C--- draw X and Y axes.
¢ CALL AX2EP(1.,2,0,0.0,0,D,D,D.D.0.0)
| CALL AXIS2(0.,0., HORIZONTAL DISTANCE',~19.9.0,0.,XMIN, XDELT,1.)
- CALL Agxsz(o..o..'oEPTH'.5.9.0,90.,vu1~.voELT.‘.)

c drawesch seam.
DO 185  J=1,NSEAMS

DELY=THICK(J)

HEIGHT=DELY/YDELY

AX=X(2) '

VY=-(DEPTH(J)4DELY* . S+YMIN)/YDELT

IMIN=MIN{ 1, J) :

ICNT=2

DO 178 1e2 NSEG
IF(MIN(I,J).EQ.IMIN) GOTO 150
DELX=ICNT*HW .

130 CALL XBAR((AX-XNXN)/XDELT.VY.DELX/XDELT.NEIGHT.!lIN.10)
AX=AX+DELX ' ’
IMIN=MIN(I,J)

ICNT=2 -
GOTO 175
180 . ICNT=ICNT+2 %
, 175 CONT INUE - -
~ DELX®ICNT*HW ’
\ CALL xeAR((Ax—xan)/XDELT.vv.oELx/xDELr.HEIGNT.xan.10)
Cc label the seam by number.
CALL IGMA((AX+DELX-XMIN)/XDELT.vVY)
CALL IGTXT(’'<ASCL>’,HEIGHT®*.65,° SMw<E>’)
) CALL IGFMT(y,’1’) .
195  CONTINUE
CALL IGENDS(IMINE)

- RETURN

C [
SUBROUTINE IBAR(VX.VY,DELX.DELY,ITYPE.LPB)

[ (o]

C-~- Routine to draw a sesm eloment as & mined panel or as an Cc

C--- ummined pillar at point (vx,vy). , [

‘C vX,vy Tower left corner of elemant [

Cc DELX,DELY element width and height [



(2 N s Ne N Ne X

000000000000.0.0.21000..0.‘”3‘##’;’000‘0‘00

17¥pEe 1 mined element’: s

ITYPE=2 um‘tm-vﬁ,\%

LPB no. 6f natch shes
T g

]

et AR
CALL IGMA(VX, WVY) RN
CALL IGOR(O.0:QELY) R
CALL I1GOR(DELXR.O) 3
CALL IGOR(0.0.-D&LY) ,

CALL 1 {-0ELX,0-.0) .
IF  (ITYPE.EQ.1) RETURN
DH=DELY/LPB
DX=DELX
DY=0.0
DO 10 y=2,LPB8
CALL IGMR(0.0,DM)
CALL IGOR(DX,0.0)
DXe=-DX
CONTINUE

RETURN

END

REAL FUNCTION VAVG(VEC,N)
DIMENSION VEC(1)
VAVG=VEC( 1)

TIF  (N.LE.1) RETURN

10

10

10

PO 10 J=2,N \
VAVG*VAVR+VEC(J) 4
CONTINUE
VAVG=VAVG/N
RETURN
END B
REAL FUNCTION VMIN(VEC.N)
DIMENSION VEC(1)
VMINSVEC(1)
IF (N.LE.1) RETURN
D0 10 u=2,.N
IF  (VEC(JU).LT.VMIN) VMIN=VEC(J)
CONT INUE
RETURN
END
REAL FUNCTION VMAX(VEC,N)
DIMENSION VEC(1)
VMAX=VEC(1)
IF (N.LE.1) RETURN
00 10 y=2.,N
1F  (VEC(U).GT.VMAX) VMAX=VEC(J)
CONT INUE
RETURN
END

tching ts

box

performed

./....‘...‘..".‘...‘..‘.“.‘
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Program DDSEAMS

RUN 02 TEST CRACK NSEG=40

|
sample output

N\
’ »

NUMBER OF SEPARATE SEANS =

NUMBER OF SEGMENTSIN EACH SEAM = 40

HALF -WIDTH OF SEQMENTS =

2.00

UNIT 'Elﬂﬂ' OFf ROCKX =200.00

-\
RAV}O OFf PRE-EXISTING STRESS(S SIGXX/SIOYY -

ELASTIC CONSTANTS -

EXX ‘= O.7000€+08
EYY = O.7000E+08
’ E2Z = O.7000£+08
Gxy = 0.3900£+07
vYyx = 0.28
viX = 0.28
vyYz = 0.28%
ELASTIC PARAMETERS - Ki
K2
GAM{
GAM2
Qf
02

|

.00
.24
.29
.23
.39
.02

OBO A0 -

SPECIFICATIONS FOR SEAM NUMBER 1

SEAM THICKNESS = 10.00
DEPTH = 2000.00

MODULUS OF ELASTICITY
SMEAR MODULUS

= 0.700E+08
= 0.390€E+07

MINING PATTERN (1 = MINED, 2 = UNMINED)

2222222222111919119119111111112222222222

SOLUTION DATA FOR GAUSS-SIEDEL ITERATION PROCESS

NUMBER OF JTERATIONS:
RELAXATION FACTOR:
ATTAINED TOLERANCE:

kR
1.60
0.689E-08

g
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194

Program CRACK listing

READ (4,100) W,ROE,PZ,PY,PX
100 FORMAT (5F10. 0)
WRITE (7.201) W,ROE,PX,PY.PZ
201 FORMAT (//////1x /' CRACK SOLUTION PROGRAM GRACK.S OUTPUT'//
+10X, 'WIDTH = L,Ft10.1/
+10X, 'PO1SSONS RATIO = ‘ur1o.4y
+5X,'PX =’ ,E10.3,5X,'PY = ’ E10.3,'PZ = ‘,€10.3///
+5%, "X’ , 12X, 'SIGX’, 11X, “SIGY’ 11X, 'SIGZ2"/)
1 READ (4,101) X
101 FORMAT (F10,0)
IF (X.EQ.999.0) GO TO 998
XLAM = 1.0/SQRT(1.0-w*W/(4.0*X*X))
SIGX = (XLAM-1.0)*PZ +PX
SIGY = PY + 2.0*ROE*(XLAM-1.0)*PZ
SIGZ = XLAM*PZ
WRITE (7,202) X,SIGX,SIGY,SIGZ
202 FORMAT (4(£10.3,5X)/) .
GO TO 1 ]
998 WRITE (7,203)
203 FORMAT (/////
+5X, 27, 12X, 'S1GX’, 41X, 'SIGY’ 11X, 'S1GZ*/)
2 READ (4,102) 2
102 FORMAT (F10.0)
1IF (Z2.£Q.999.0) GO TO 999
ZLAM = {.0/SQRT(1.0+W*W/(4.0%2°2))
SIGX = (2.0°*ZLAM-ZLAM*ZLAM*ZLAM-1. 0)~Pz+Px
SIGY = PY+2.0*ROE*(ZLAM-1.0)"PZ
SIGZ = ZLAM*ZLAM*ZLAM*PZ . .
WRITE (7.202) Z,SIGX,SIGY,SIGZ
GO TO 2
999 STOP
END



" CRACK

O O 0 O 0 0 0O O © ©0 O 0 0O 0 0 0 0 o o o

Prcjram CRACK sample output

X

.410E+02
. 430E+02
. 450E+02
. 470E+02
. 490E+02
.S10E +02
.530E+02
.850E+02
.STOE+02
. 590E+02
.610E+02
.630E+402
.6S0E+02
_670E+02
.690E+02
.T10E+02
.730E+02
. 750E+02
. T70E+02

. T90E+02

F 4

. 200E+401
:500E+01
. 100E+02
. 250E+02
. 350E+02
. 4S0E+02

LUTION

O O O 0O 0 o

©C 0O 0O 6 0 0 0 0O 0 0 0 0 o0 o

-0.

-0

O O 0O o

PROGRAM CRACK.S OUTPUTY

POISSONS RATIO =

X = 0.0 PY

SIGX

. 142E+407
.690E+06
.473E+08
.362E+06
.293E+06
.24SE+06
.210E+06
. 183E+06
.16 1E+0O6
. 144E+06
. 130E+06
- 118E+06
. 107E+06
.986E+0OS
.809E+0S
.B41E+05
. 782E+0S
. T29€E+05
.681E+0S

.639E+05

SI1GX

.3GOE+06

302€E+06

.212€E+406
.356E+05
. 126E+05
.309E+0S
.342E405
.242E+05

0.
0.0

O O 0 0 0O 0O O 0O O 0O O O 0 0 06 ©0 0 0 o0 o

2500

Pz

SIGY

.T11E+06
. 345E+06
.237E+06
.181E+06
. 146E+06
. 122€+06
. 105€E+06
.914E+05%
.BOTE+0OS
.T721E+05
.649E+405
.589E+05
.537E+05
.493E+05
.455E+05
.421E+0%
.391E+05
.364E+05
.341E+05

.319E+0%

SIGY

. 180E+06
.175E+06
' 1S1E+06
.940E+05
.683E+05
.80SE+05
.297E+05
ASTE+0S

O O © 0 0 & 0 0 0O 0 O 0 © 0 © 0 © o o' o

O.400E+06

SI1G2

182E+07

. 109E+07
.873g+06
.762E+406
.693E+06
.645E+06
.610E+06
.SB3E+06
.5E1E+06
.844E+06
.530E+06
.S18E+06
.807E+06
.499E+06
.491E+06
.484E+06
.4TBE+06
.473E+06

.468E+06

.464E+06

 s16Z -

© 0O 0 O O 0o o o

.498E+02
763402
SSTIE+04
.596E+05
. 114E+06
L AGTE+06
. 24TE+06

.313E+06
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Program PSTRESS listing

DIMENSION C(5),PHI(5),RPHI(S)

C(1) = 2
PHI(1)= 40.0

€(2) = 0.
PHI(2)

C(3) =

(2]
»
"
1O s0O s

.9

40.0

.3

33.0 .

.0

0.0

.0

0.0

BOTY = -148.7%

-151.2%
-1000.0

BOT4 = -9988.0
IPAGE = O
READ (4,1001) N
WRITE (7,2001)
DO 50 u=1.35

50 RPHI(J) = PHI(J)‘3 141583/180.0
DO 100 I={ N
READ(4, 1000) NUHEL.GRIDY.GRIDX.DX.DV.EX,EV.EXY.X.Y.XY
CALL STRESS(X,Y,XY,PM1,PM2,TV3,THETA,IFLAG)

IF
IF
1F
IF
1F
IF
sC
GO

(GRIDY
(GRIDY

(GRIDY.

(GRIDY

(GRIDY.
(IFLAG.

= 1.0
10 19

.GE.
.LE.
LE.
.LE.
LE.
EQ.

3011) MAT=1
BOT1.AND.GRIDY.GE.BOT2) MAT=2
BOT2.AND.GRIDY.GE .BOT3) MAT=3
BOT3.AND.GRIDY.GE. 5074) MAT=4
BOT4) MAT=5

0) GO TO 20

20 CALL STABIL(PM1,PM2, RPHI(HAT) C(MAT),sC)

19 WRITE (8,2000) GRIDY,GRIDX,DX,DY,X,Y,XY,PMt,PM2, THETA, .TV3, SC,

+ C(MAT),PHI(MAT)
IPAGE = IPAGE + 1
IF (IPAGE.NE.58) GOTO 3 “
IPAGE = 1
WRITE (7,2001)

3 WRITE (7, 2002) GRIDY,GRIDX,DX,DY,X,Y,XY,PM1 PM2, THETA ,TV3,SC,

+ MAT .
100 CONTINUE
1000 FORMAT (15, 10F10.0)
1001 FORMAT (I5)
2000 FORMAT (2F10.1,12({PE10.3))
2001 FORMAT (1H1/7X, 1HY,9X, 1HX,4X,6HX-DISP,4X,6HY-DISP,4X,6HSIG XX,4X.
+ G6HSIG YY,4X,6HTAU XY, %X, 4stet,sx 4HSIG2,6X,5HTHETA, 4X,

+ GHTAUMAX, 4X, 7HSTABLTY 3X,3HMAT/)

2002 FORMAT (2F10 1. 10(1PE10. 2) 15)

sTOP

ENO

SUBROUTINE STRESS(X,Y,XY,PM1,PM2,TV3,THETA,IFLAG)

I+
‘C

ANOOOO

INPUT

SUBROUTINE STRESS - DETERMINES THE PRINCIPAL STRESSES AND

THEIR DIRECTIONS

197
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198

c X = SIGMA-X STRESS c
c Y =« SIGMA-Y STRESS c
c XY = SHEAR STRESS ¢
c c
c ouUTPUT c
c c
c PMI = MAJOR PRINCIPAL STRESS c
c PM2 = MINOR PRINCIPAL STRESS c
c TV3 = MAXIMUM SHEAR STRESS c
c THETA = DIRECTION OF MAJUOR PRINCIPAL STRESS c
c - c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c
Cc i
C-----CALCULATE PRINCIPAL STRESSES
c

IFLAG = O

IF (X.NE.O.O.OR.Y.NE.O.0.OR.XY.NE.O.0) GO TO 10

PM1 = 0.0 :

PM2 = 0.0

THETA = 0.0

TV3 = 0.0

IFLAG = 1

GO T0 9

10 TVi=0.5*(X+Y)

TV2=0.5*(X-Y)

TV3=SORT(TV2592+XY*%+2)

PM{=TV1+TV3

PM2=TV1-TV3
c . .
C-1---CALCULATE DIRECTION OF PRINCIPAL STRESSES
c

IF(TV3) 1,2, ¢
2 THETA=0. 785398 .

GO TO 3 ’
1 TVi=TV2/TV3’

1E((1.0-ABS(TV1)).GT.0.0001)GDTO 6

IF(TV1.GT.0.0) THETA=0.0

IF(TV1.LT.0.0) THETA=1.570796

GO TO 3
6 THETA=ARCOS(TV1)*0.5
3 IF(XY.LT.0.0) THETA=-THETA

TVi=PM1

1F(ABS(PM1).GE .ABS(PM2))GOTOD 5

PM1=PM2

PM2=TV1

THETA=THETA+1.870796
5 THETA=THETA*( 180./3.141583)

9 CONTINUE
‘RETURN
END
SUBROUTINE STABIL (PM1,PM2, PH! C.SC)
PTOT = PM1+PM2
PDIFF = PM1-PM2
SC = 1.0- PD!FF/(SIN(PHI)‘(PTOT*2 O‘TAN(PHI)))
RETURN
END
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APPENDIX 4



. 201
3 M BISPL. & BISPL. BISCONTINGITY e*%, [RUN O1 TEST CRACK SIMULATION
ey, &
a® ..
' e 1 E,=-70E+08 V _=.25
‘ ™ 80 E,=.70E+08  V =.25
D, 1.00 u:70E+08 ¥V _«.25
T o™ 200.00 G, =.39E«07
SI16,/81G = 0.0
SMe  E ., 6 rem THICK }oswm
1 .700E+08 .380E+07 10.00 2000.0
-
2
L, - ,
3 .
e 3 ey ¢ ¢ = IONSERM: seam 1t SEGs 1-80
3 BOARAL RISPL. & DISPL. BISCTISNITY s, SMEM L WemmAL  STRESSES o 35,
....' ."l..
S
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staplas

'ﬂUN 01 TEST CAMACK SIMULATION

M= | En,"-70E+08 V, = 25
N = 80 E,=.70E+08 Vv = 25
MO~ 1.00 E_~.70E+08 V =.25
MT = 200.00 G, =, 39E¢07
S16,,/S1G, = 0.0 '

SMe  E, Gowe  THICK DEPTH
1 .700E+08 .390E+07 10.00 2000.0

OFFSERM: v«-1990.0 sSEGS 1-80

SNEAR & NORNRL BISPLACEMERTS AN

eV
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1 MCAS BI9PL. ¢ BISPL. OLSCONTINEITY -, UN 02 TEST CARCK NSEG=40
L R
a @ '.
- ! E,~.70E+08 V .25
- U0 €,°.70E408 VY _«.25
MO~ 2.00 E_=.70E+08 V¥ =.25
MY, = 200.00 G,=.39E+07
S1G_/SIG,» 0.0
SHe  E_,. 6 o THICK DEPTH
1 .700E+08 .390E+07 10.00 2000.0
Ve i 3 - . -
IR R T S W ONSERM: seam 1 SEGS 1-40
3 POSARL SISPL. & DISPL. DISCOMTINNITY s ", MEM o WOARML. STRESNMS o s I8,
1 R X o =918,
hA o ..
) 2
- - & k] L] K 3 [ ] -
JEAITANS. NI
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I AR N RNER

sTRENSQLDY

UN 92 TEST CAACK NSEG=40

JL I E,".70£+08 V_=.25
- W0 E,=.70E408 V_=.25
D 2.00 E_=.70E408 V _a.25
Tau® 200,00 G = 38407
16,/816.= 0.0

ne & Guw  THICK DEFTH
1 .700E+08 .390E+07 10.00 2000.0

- & & & 1
[

OFFSEAM: v.-1980.0 SEGS 1-40
¥ M« s piwLSCTNNTS e,
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LA MM, ¢ UIPPL. DESCENYIERITY 'R 8
[ Y
l...
¢
« & & § T T 3 3 &
[

UN 03 TEST CARCK NSEG=20

- ! €am: 20EC08 V0. 25
- 20 €,{70E+08 v _-.25
O, .00 E_e.J0E+08 v _o.25
Tan® 200.00 G_=.39E+07
16816, = 0.0

sne £ Cuw  THICK DEPTH

1 .700E+08 .380E+07 10.00 2000.0

1-20

ONSERM: sean 1 SEGS
SHEE ¢ semmaL STRESSCY 4, -,
. o B8,

e & &4 3 T 8T T 4
s . N . W
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w ¥ N
]
i ~
"Yeeges ol UN 09 TEST CAACK NSEG=20 ’
o".
o e 1 Ea"-70E+08 V,».25
- 20 E,=.70E%080 v .25
O, N.00 £y~ 70E+00 »v“-.zs
Ten™ 200,00 @, ».39€+07
16 /916G 0.0
SKe - 6 e THICK DEPTH
1 .700£%080 .¥90E+07-10.00 2000.0
A
* A et T OFFSEAM: va-1980.0 secs 1-20
(AN EEERE] .-'ll. L C A W VT so8,
.'.l'. 'RaN
. o VI8,
~
——. .gﬁ
T ¥R o & & I T3 3

« & & 3 T 3

F

| ¥
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H mean o1srt, ¢ ofveL. eiscomtimenvY e, ) UN O4 TEST CRACK NSEGm]2
(3L N ,
i, '
w 1 E,=.70E+08 V, =.25
™ 12 E,=.70E+08 V _=.25
WO~ 6.87 E_=.70E+08 v _=.25
NT_,.* 200.00 G_=.39E+07
S16,/SIG = 0.0
— SHe  E_ 6 pene THICK OEPTH
1 .700E+08 ,390E+07 10.00 2000.0
3 R .
et § ¢ * ONSERM: seam 1 secs 1-12

SORAMAL BISPL. ¢ BISPL, siscenTImiITY (LI
o =¥,
. " ..

SWEMR & NORNAL STRESSUS . =308,
' o * 816,
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sTaRlns

Fn

E TR
mmna

STRENSLS

3 ¢ & & b
LD

+¢ [RUN O4 TEST CRACK NSEG=12

o=t .

S TR o=+ T0E+08  V, .25
o 12 | Egnm J0EC08 V=25
0, 6.67 E_=.70E+08 V_=.25
T 200.00 G, =.38E+07
16,/51G,= 0.0
SHe  E,. Gpw  THICK DEPTH
1 .700E+08 .3830E+07 10.00 2000.0

" |OFFSERAM: va-1880.0 SEGS 1-12

esus, % SNEAN { MORRAL  RISPLRCENENTS e,

oo 88, .y,

s = 816, N
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—

s SNERR BDISPL. & BISPL. BISCONTINWITY
o= -4
s ® ..
i
‘a 4 & 3 ¢« 8 [ . 8 [}
=iena. -
HORNAL SISPL. & PISPL. DISCONTINUITY s,
e,
ae B

e, AkUN 06 SIMPLIFIED LAYOUTS H=12M

N 1 €,=.30E+05 V _=.25
N, = 80 . E,=.30E+05 V =.25
WD, ,= 0.25 E_=.30E+05 V =.25
WY,,= 0.025 G, =.11E+05
S16,,/SIG,= 0.330

SHe  E,. Ghw  THICK OEPTH

t .300E+04 .120E+O4 3.00 1000.0

ONSERM:

SERM | SEGS 1-80
MEMA 4 NSANRL  STRCINCS » * 316,
o = 316,
RN R JC S A A T i I )
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UN D6 SIMPLIFIED LAYOUTS wmjon

e 1 En=-30E+05 ' v_._ 25
s - 80 En®.30E405 v .. 25
O™ 0.25 E _x.30F+p5 V.25
"Ten™  0.025 6_a.11E+p5
S16,/316,~ 0,330

SHe £ Suw  THICK DEPTH

1 .300E+0y «120E+04 3,0p 1000.0

" ’lc.
LILR } (T
.- l.l‘.
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SMERD DISPL, & MISPL. BISCONTINNITY w9,
oy
a® '.

8
e & 8 & i i & & & 3
MRIPONIAL OIMIKY
BoANAL BISPL. INI_X.RL. ISCHNTINITY .,
. oy,
a® '.

RUN 07 SIMPLIFIED LAYOUTS W=BM

! Ea=-30E+05  V =.25
w ™ 80 E,=.30E+05 V =.25
Dp™ 0.25 E_=.30E+05 V¥ _=.25
Tow® 0.025 G =.11E+05
516,/S1G,= 0.330

Me E. Guew = THICK DEPTH

1 .300E+04 .120E+04 3.00 1000.0

ONSERM: sSeam 1 SEGS 1-80
MIME & NORNAL STRCSSES ’ . =815,
o © 315,

N
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wely
l'l.

a".

R
o = NG,
. 818,

RUN 07 SIMPLIFIED LAYOUTS HW=6M

e 1 E,=.30E+0S  V_=.25
w® 80 “En=.30E405 , V .25
WO,,= 0.25 E_«.30E¢05 V _e,25
WTp,=  0.025 G _=.11E+0S
816,/81G, = 0.330

.

SHe  E,, 6 THICK DEPTH
1 .300E+04 .120E+04 3.00 1000.0

J

I3

v

OFFSEAM: v= -987.0 segs 1-80

SUERR & NORMAL  BISPLACTAENTS a0,
)
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SERD BISPL. & DISPL. BISCONTINITY .y, UN 08 SIMPLIFIED LAYOUTS Na=3M
N oy )
N N 1 E,=.30E+05 V, .25
: ‘ ™ 80 E,".30E+05 7V _=.25
3 ' Dps® 0.25 E,=.30E+05 V «.25
: S Tan® 0.025 G = 11E+05’

16,/51G,= ©0.330

L1 E | - THICK ODEPTH
1 .SO00E+ON .120E+04 3.00 1220.0

L IR JE N SO NS SN R : QNSEHM: SEAN 1 SEGS 1-80
SOARAL BISPL. & BISPL, BISCORTIMNITY LR SHEMR & WBRAOL STRESSES o 313,
S Te » 816,
o 8,
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3 stanins

e & & I3 1
[t ]

STAESSLS

. o8 0y

UN 08

T n™

16,./38
Na
1 30

SIMILIFIED LAYUUTS

1 E,=.30E+05
0 E,=.30E+05
0:25 E,=.30E+05

0.025 G, =.11E+05
16,= 0.330

THICK
3.00

E e G
OE+0! .120E+04

JOFFSEHM: Ye -987.0 SEGS 1-80
SHEM & BOAMAL  BISPLACERONTS e -0,
o8

H=3M

V=25
Vg=.25
Vo= 25

DEPTH
1000.0
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5

=
SN BISPL. 4 BISPL. SIKCONTINNITY e+, RUN 08 SIMPLIFIED LATOUTS Ne=1.SH
: o8, . .
O N 1 E,=. 30E Vo255
™ 80 E,=. 30805 v, =.25
p D 0.25  F = 30E+05 V «,25
Ten® 0.02- b, 11E+05
16,/516,= 3.33¢
Ne  E . Gum  THICK DEPTH
1 .300E+0N .120£+04 13.00 1000.0
Y ‘ );
p . "_‘;-
TN S S N By B ONSERM: seam 1 secs 1-80
! RORKSL BISPL. & DISPL. DISCONTINNITY a9, SELAR & WOANAL  STRESSES w v 315,
; R e .o 86,
a* '. ‘
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sTaany s,

. 86,
o = 816,
s = 8,

UN 09" SIMPLIFIED LAYOUTS HW=1.5M

- 1 E,~.30E+05 V_=.25
w® 80 E,*.30E+05 V_=.25
D= 0.25 E,=.30E405 V _«.25
Tan® 0.025 G, =.11E+05
16,7816, 0.330

Me  E. Guw  THICK DEPTH

1 .300E+04 .120E+04

3.00 1000.0

S
OFFSERM: v= -397.0 secs 1-80
SHEAM & BERRAL  BISPLACEMENTS oy,
LI A

L~ S T S S S SN TR )
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s MEM DISPL. & DISPL. BINCHNTINITY .oon, UN 10 SIMNPLIFIED LAYOUTS W=3M
oo -8,
LI .. y .
- ! E,=.B0E+05 V_e.25
w™ 80 - €,,».80E+05 V=25
D~ ©0.25  E,=.B0E+05 V _=.25
Tan® 0.025 G _=.23E+05
16,/816,= 0.330
At R He  E_. Cuw  THICK 'DEPTH
1 .300E+04 .120E+04 3.00 1000.0
* A a3 ONSERAM: sesn 1 SECS 1-80
BORNAL BISPL. & BISPL. ISCONTIMOINTT ., : SRER ¢ WemMRL STACSSES . 816,
- [ I 8

o o856,
....-

b M-
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| RE N RN N

« & I T 0 T T3
-mna

[ RERERE ¥ ]

FICR 11
o v S,
. 818,

UN 10 SINPLIFIED LAYOUTS

- ! Eqo~.B0E+0S
- 80 E,=.60E+0S
Dr” 0.25° E_=.B0E+0S
Tun®  0.025 G _=.23E+05
16,/816,~ 0.330
Ma [ 30 -

THICK
1 .300E+04 .120E+0N8 3.00 1000.0

N=3M

V,=.25

V,=.25
V,=.25

<

DEPTH

OFFSERAM: v« -98®o0 ‘secs 1-s0

|mEs ¢ meamM

BIsPLactaons

o= h
c'l'
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HEMN BISPL, U DINPL, MISKWT WYY X A
' Y -4
[t ..
" ——
v
4
)
I
TR
- . WY *
MRAL BIWL. & MISML, VISCWTIWIYY X A
. .ot
s ® .,

UN 11 SINPLIFIED LAYOUTS We3M
- ! Epe-30E*0S v =.25
- 80 . E,=.30E+05  V =.25
Op,™ 0.25 E e 30E€05 V _=.25
MY~ 0.025 G, =.11E+05
916,/816,= 0.330
SHe  E . Gowa  THICK DEPTH
1 .150E+04 .BOOE+03

3.00 1000.0

ONSEAM: SeAw 1 SEGS 1-80

£, MEM ¢ W STERSES o =818,

o = 816,
per

1 N Jant NI AAAL AN ]
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IR NENY )

sreedety

*
UN 11 SIMELIFJED LAYOUTS We3M
- ! E,=.30E+05 Vv _=.25
- 80 E,=.30E+05 V _«.25
Op,® ©0.25  E_».30E+0S V _=.25
Tow® 0,025 G, =.11E+0S
16,/916,+ 0.330
Ne  E - THICK OEPTH
] 1SQE*QN .BOOE+03 3.00 1000.0
/) “
. .
OFFSERM: v« -887.0 SEGS 1-80
MU L SR PIARLACERCINS .8,
: i
4
<
[]
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r
}l SHEAR DISPL. ¢ BISPL. BTICONTINUITY XA hUN, t4 (RS 07) UNDERMINED SERM
. . nﬁ. .
o N 2 E, . 30E405 V_=.25
N, = 80 E,=.30E+05 Vv =.25
WO, 0.25 E,=.30E+05 V =.25
\ MT,,» 0.025 G, =.LlLE+05 :
STG.-/SQIG"- 0.330
ISH» E e G oo THICK DEPTH
1 .300E+04 .120f+04 3.00 1000.0
2 .300E+~0W_..120F~04 3.00 1030.0
SRR IR S o ONSERM: semm 1 secs 1-80
z| RORRAL BISPL, & BISPL. OTSCOWNTMNITY - L a SHERR ¢ BORNAL STALISEY s o SIS,
.=, o =815,
a® ..

M
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SHZAR OISPL. ¢ BISPL. BISCOMTINITY

N,
[ Sl
A"-

UN 14 (AS 07) UNDERHINED SEAM
Nou™ 2 Eg=-30E%0S  V, =.25
" 80. E,~.30E«05 V_=.25
s 0.25 E_=.30E«05 V _=.25
W1, 0.025 G,=.L11E+05
S16,,/SIG,= 0.330
SHe  E . Guw  THICK DEPTH
1 .300E+04 ,120E+0O4 3.00 1000.0
2 .300E+OM .120E+04 3.00 1030.0

<

. / H

ONSERM: 589&2 SEGS 1-80

SHEAR & ROBNAL STREISCS

A

» - 806,
o =315,

by




P
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stantns ’ .-
]

«® 'l'.
. =818,
s = 818,

UN 14 (RS 07) UNDERMINED SERM-

AT y® 0.025 G,=.1LE+0S
SIG,/SIG, = 0.330

He  E. Gpuue  THICK DEPTH

1 .300E+04 .120E+04 3.00 1000.0
2 .300E+04 .120E~04 3.00 1030.0

OFFSEAM: v -997'.o SEGS

-2 Ey~-30E+05  V_=.25
™ 80 E,=.30EXDS  V,_=.25
Do 0.25  E,=.30E%05 V_=.25

1-8C;
SUCRA L NORSAL '"w’ st
o b
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ﬁ SHDAA BISPL. & BISPL. BISCONTHNITY

e & & 3 T U b & @
SRR IYINCE
! HOANAL BISPL. & BISPL. BISCWNTINUITY

E ]

LA
«= 9
0'.‘

RUN 15 (RS 14) UNDERMINED + SHIFTED
N 2 E,=-30E+05 V_=.25
N_, =~ 80 E,=.30E~05 V ».25
MD,~ 0.25 E_=.30E+05 V_=.25
Ml 0.025 G, =.11E+0S
S1G,/SIG, = 0.330

SHe . E . 6 pens THICK ODEPTH
1 .300E+~04 .120E%~0% 3.00 1000.0

2 .300E+~04 .L{20E+OWU 3,00 1030.0

ONSERM: seam 1 secs 1-80

i] SNCRA & NORNAL STACSSEY ' s =I5,
o =318,

« & & & 1 13 » & & 8
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SAERR POIPL. ¢ BIIPL. OISCOMTINUITY s=%, [AUN 15T(RS L4) UNDERNINED + SHIFTED
.
o B -
CT Newm 2 E,=.30E%05 V, .25
- 80 E,=.30E%05 Vv _=.25
WO~ 0.25 E_=.30E%05 V -.25
MTn= 0.025 G, =.1LE+05
SIG,/SI0, = 0,330
She  E,.. Gpuwa  THICK DEPTH
L .300E+04 .120E+04 3.00 1000.0
2_.300E+04 .120F~04 3.00 1030.D
B R S SR I R ONSERM: seam 2 secs 1-80
NOARRL BISPL. & OISPL. BTSCONTINWITY e, H MOSR ¢ NOBESL STACIITY . =315,

« ", o =315,
Lt M ‘

" ¢ 3 ¥ T T % 5 i3
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staeres

o » 518,
Y '.".
. o318,

UN L771PS 1Y)

0 0.25
Tun® 0.02
I G

o

5
- 0.

1 .300E~0W .1

2 .300E+~04 .120E~04 3.00 1030.0

OFFSERAM:

UNDERMINED + SHIFTED

E,~.30E%05 V, ».25
E,=.30E+05 V,_».25
E,~.30E+05 V ».25
G~ LLE®OS

330

Gpw  THICK DEPTH

20E~04 3,00 1000.0

Y= -897.0 SEGS 1-80

MESA L NORNAL BIIPLACENONTS RN
.l




227

\\»r o/

INEAR DISPL, ¢ DISPL, DISCNTINIYY

s,
o * -8

e 8,

" TN Sy S NN B T 3

MATTBNR S18TRE _
MSRAAL BISPL. & S19PL. BISCOTIIITY

LS
e A
-".

UN 16 (AR%~13) V. STIFF ROOF
o 2 E,=.30E+05 Vv, _=.25
™ 80 €,.90E+05 V_=.25
D, 0.25 E_=.30E405 V =25
Tun® 0.025 G, =.11E+05
16,/S1G = 0.330
He E (. THICK DEPTH
1 .300E+0Y4 .120E+O4X 3.00 1000.0
2 .300E+07 .110E+07 3.00. 8987.0
|IONSERM: sern 1 secs 1-80
mem 4 ddmaL sTorsses o8, -
. o =0,




228

H SHZAR OTSPL, & OISPL. DISCONTIMITY .o, UN 18 (RS 13) V. STIFF ROOF
o * 9, . )
L TR R Eg=:30E+05  V,=.25
- 80 En=.30E405  V,=.25
Opo= 0.25  E_=.30E+05 V =25
Tan™ 0.025 G, =.11E+0S

16,/S1G,» 0.330

SHe E o G e THICK DEPTH

1 .300E+ON .120E+0Y 3.00 1000.0
2 .300E+07 .110E+07 3.00 887.0

AR g g 8 & 3 @ [ONSEAM: seam 2 SEGs 1-80
SO BISPL. & BISPL. DISCHNTINNITY ar e, SNEAR & BOMNAL  STAESSES . =0,
. ..'. . i’l'.
P .. /_\;f‘,
Ll S S T S S N B T




229

1 sTaning
o3 T T T % & % @
IR S
sInessLl

ISHe

|oFFsERM:

UN 18 (AS 13} V.- STIFF ROOF

2
= 80 ~

E,~.30E+0S
E,=.30E+05
0.25 E,=.30E+05
g™ 0.025 = .11E405
16,/S1G,,= 0.330

V.25
V.25
V,=.25

0
1
DEPTH

THICK

3.00 1000.0
897.0°

1 .300E+0U .120E+0U
2 .300E+07 .110E+07 3.00

Y« -997 0 SECS 1-80

SHEAR & NOMNAL BISPLACERINTS




230

e
=o% PBUN 17 (RS 14) SEANS CLOSER
[ B M
th N 2 Ey=.30E+0S v _x.25
w ™ 80 En=.30E¢05 V¥ _=.25
Oms 0.25  E,=.30E+05 Vo= 25,
Tan® 0.025 G e.11£+05 '

16,/SIG, = 0.330

Ms E pona 6 e

1 .300E~0N_,120E+04 3.00 1000.0
2 .300E+04 .120E+04 3.00 1008.0

THICK  DEPTH

WA 8ISt
BBMNAL B19°U. & B, STECONTINBITY ‘o ® MEM 4 NeRAML  STACSCS . ",

0':: . u ' oo 9e,
o 8 E R

CNC JEE T S S A B B ONSEAM: semn 1 secs 1-s0




231

Fd
SUZAR BIPPL. 4 BIFPL, RICOASINNITY

o"'.;
s,
A‘..
P T3 A
- 2 | r 200 1
L BIOPL. & BISPL. DISCONTINITY s,
. .o-..
s b

UN }7 (AS 1Y) SERAMS CLOUSER

‘
/

N ™ 2 E,=-30£405 Ve, 25
= 80 E,~.30E%0§ V_e.25
Dy 0.25  E,v.30E+05 v =.25
Tun® 0.025 G« 11E+05
16,/81G,= 0.330
He  E G  THIEK DEPTH
1 .300E+0U .120E+0U 3.0D 1000.0
2 .300E+OU .320E+0u 3.00 1008.0

ONSERM: seaM 2 SEG% 1-~80

MM & peamst STRERSES .o,
*




232

) . N .

L+t |RUN 17 (RS 14} SEAKS CLOSER
.r,
Y N 2 B-.30E405 . V,=.25
- 80 €,=.30E+05 V =.25

Dy 0.25 E =.30E+0S V,».25
Ton™ 0.025 G =.11E+0S
1816,/816,» 0.330

SMe  E_. G, . THICK DEPTH

(&)
1 .300E+~0% .120E+0N $8.00 1000.0
2 .300E+~0V .120E+04 3.00 1008.0

4

: |OFFSEAM1 rv- -e97.0, sEGs. 1-80
. " 88, EME 4 BOMAL OIIPLACINENTY T ey,




233

d
EAN SIPL. & DISPL. BINCONTINWITY . UN 18 (RS 15} SERAM3 CLOSER
‘ - 2 €= 30E+05 V,».2%
- 80 €, 30505 V=25
D.,' 0.25 €~'-30'*05 V"-.zs
(T 0,025 G = 11E+0§
16./81G,~ 0.330
SHe  E,, Uuw  THICK DEPTH
1 L300F+QN ,LEYDEYON  3.00 1000.0v
2 .300F LUI90 «ON 5,00 JO 8.0
T At * * ONSEAM: SEAM 1 SEGS 1-80
BOMNL BISPL. & BISPL. OISCONTINITY oe U . v,
. - |"l.'
. u s
» .
e N N VAR SUEE 20T T e
bt MA,

&M



~ | | s 234

.
MR DISPL, & SIPPL. DINCHITIRNITY v N, UN 18 (RS 1S) SERMS CLOSEA
r '- .
s % s 2\ €= 30E+05 V¥ _o.27
N, = 80 €,=.30E+05 V¥ =.25
MO _,= 0.25 E_ = 30E+05 V,=.25
NT_,= 0.025 G, =.11E+0S
$1G_/81G,» 0.330
e
lsne €., Gua  THICK DEPTH
| .300E+04 .120°+0V 3.D0 1000.0
.S00E4ON .120E+0N 3.00 1008.0
R
T I it ONSERAM: SEAM 2 SEGS 2-80
NhamAL BI8PL. ¢ BISPL. DISCHNTINITY RN MAS 4 WONAAL  STRCINY . » B8,

VIR




235

' sTealInS

AUN 18 (RS 15) SERMS CLOSER
n’l. - 2

L)

= 80
¢ HO¥ 0.25

Taun® 0.025

16,/S1G =

E,~.30F+0S
E,=.30E+05 V _=.25
E,=.30E+05 V_a.25
G,=. 11E+05 '
0.330 -

V,=.25

THICK DEPTH

3.00 1000.0
3.00 1008.0

SHa sae G ean

1 .300°+04 .120E+04
2 300E+04 .120E+04

»

.sTRESSLS

OFFSEAM: v= -997.0 sEGS

MIM ¢ WMRAL  BISPLACLRLITS T
-~ -




APPENDIX 5

GEOTECHNICAL CORE LOGS

'.xil

236

?
(3
n



237

.

&Vﬁd“h\

Rva eNOWVIiE ousa ilIn

TINDiym Yy W w0 T Sweqy g oo ‘3 TR T wsnnag 3o

. ) I’ ;
,ﬂ!.fvxtcﬁ Q0iLIM Tired T SRy writek |

O3 /575 muw

OIM TIING *

207 MO TRIMDEIGAD

; O.n‘vh v
WIL L SL Werewny % vvivd
T AWy o) ..:.A.Eo
30T Pu(lutuw w.vln... INSISATINI WO WalM
— VIV ¥ Saazdveeprvd
......... — Q.32 ) ... AIVD A€ T ulﬁuﬂb‘
- ¢
- L] l.l
st
. :
L1
o[ L
......... » i 091} D
. LI ¢
wo it
L I
.......... A SN X7 R AN
.
h—o [ ™
. -— N g
¢ LI .
k3 STEL |y SR SRR
...... I Nt QBN MLS NOYT
Tt srossavg | heerpa|b
/mm ws 3 “m &3 HEHEEE o-§L . ) "qgmy m n g = -
e " "= & - C
3 88| axa |PTE F 8z pre 1A mm sizsq |'BOTPveq ‘eamixey ‘mereo ‘edly . m mmmm
. SALLIONIZNCIOIA , ] a . ROLLATEESA TEOTBOIONATT F % X
2y sgzy o Ta Iy e v onavEe TYSTIRN 41a wlwvarm & 1T mnno THNGIBNIG oMo
GEICIN 30 AFISBATHG




238

% v uvg e~owviq Q280 418 ~  oId TG _ ewrw.m "-ba
CURm Y OB  SweEy Y Mol T iy wuneio 0 T D R R

201 IR o.““ .............,,........
. £12 . _ N

£

: . B F & LR
_ - 'ansng ' o) T VT
‘L[ w 2wl lelNfale= L] 0-08 n : " r
- ~ 38 v _ : "exsvmes ‘erewpary fessacania | P
e uwm d1a m oty e mm nazg | ‘8e1p9eq ‘exmaxey ‘amotoo ‘edky w m$ .
A _ B4 ol
(3) Sary om v Wy R Y v T e TAVIINGE 49T wonavarn x 1 T woKoT “FRUPNIS soarous | -

SEILINNIEN0ISIq ] : A MOZZLINIERA TYDIDOIONIIT
0507 0O TOINRORLOED VAWV 20 AIISMIATRA SMEMLEVIRG ONTERANIONS TVERNIN

»O1N¥
-YVaxs

fora1sBeT>




239

Il.duﬂdwlnua.

Qhwdsvvs shva a4va Q!e!.t.ﬂ assn LI¢ ¥ oI TIING
TANDIYM Y Ty vETvad . VALINCIA FW0D "y say  weav/s) OOMIIN TITVG J
Lt¢~!\o¢ F2 EWI00T O Swyal/ ¥g0001 ‘% uawtﬂ N3AYy weavm 7 ) gi
[2X7)
DrICCIY . , 408
Deverw (2 yarvYd ANPY aIw  IroasSdnl

P T

mpNIGaRY DN
SWYIVY  Se0VIwWNN

a-5b I

[ 79

oty |-

Q-0b

CFTYINI Awwi W /A1)

obs poreeen-

o-38 }

S PARFIAPEISLE 1 -1
quvt ‘o .
v, ) Soarweerivd ' AvTy .
N TEE] s PEE it e e u
oreaay uwm aa nE_ F I8 4 o ‘burppeq ‘exmyesa «!:eo ‘odky ns
SAILIONILN0I81Q - A ..oE-..u-l. Teor00RsT —mx
(3)SaTy ™= T N.. ® .m ouuives SUMIA 418 T u z nO1I¥IN 2-.—9..:“.6:3:

BOT W00 TS LNEOAI0IS TETIV 20 ALTseiATaD rl!!.ﬂn Sed




240

. ‘ . . ,
03/%1757 wmw , uva ReRIIE @smue T e e o
. LtAWs(g ¥ AXOOOT ZAOO NIEAQ.Q “uzoo0n ¥ ° vﬁd‘ MELENVIG 20D ﬂ\.dn\ KAYv) OQNIEN TINEG . Qislﬂuﬂlgdg
.......................... - Q54
2
...................... SEFHH g o e vee e - b= Q-8
. TIO: .,
s BIVVIVE ' saids
‘ . . e S ‘hawy @w ‘Invarsenw
......................... PR FTPINN A PR DU U AN DU [ L 3 R R &
L]
b w
g &
P
R nw
RS EERTE I 14, teeeew . " Q-9 Ceew
_ SRTE] (ol il
L = .
on o ' ]
................................ NN NN N N 1 hid " o3 e AR AN adw
.‘.r.‘.“ \‘O’d % ...,..°.~.U. lcl1- ;] ..-.....4.......‘.s....‘.z..’.h.ﬁ.r...d.-w.. .
f..’\ll.é Sanves sa¥ @ i | e 8
Y2 ,08 brumac : : o B S :
) ~ m % w s Sl B e ]
wi 1] ojolojo . . 2 paey 138 3
e #28] a1e g' m mm - ot e mm Kiasg | ‘8e1Ppeq ‘emixsy ‘moroo ‘edky vsm mm g .
SRILINNIIN000TT LI m_ MOLI4I¥D830 TYOID0I0NLIT 5 & .n.n .
(G)SaTz’oemes o H wuw T onem IV 4 WolLvary s w11 “FAT g a0
. ] . . ‘ [
20T T80 WOIROEIOND VIOIRIV 30 ALTRATAD |

p o ] Toka




241

xluhvrh ‘C =3 CESIAPIINS

os/b/L1 MW o8 /81T - s ernewsil omsa u18 : : o1v TuNa 75T uw
BN - - . . !
ANDIYM Y UR000T PO swyd ¢/ “ ¥2%001 ‘% nﬂ% 4 CELDN1IT TN0D Ty ataty wesy SONIIM T§IVG Bz L] wTITNG
. : seog = O-Z%i o
PPV TR - AR T 13 swgviad] NL.IL
S BONINAS WD AG S INITS n0B | sishwws |we| — 4nv.d |~ b=
. b wiotrt [ Qov —~ | pemcsy| o] b
. EE N
qag ame s - wioems -1 - snwd i Rebird
Shes sy RS AIRTN - Jepnog wrwl — - e s g i ] Xk
AAau ™ . K 4 apasy W} — - | nmaqspi— ==
. . 1
- 03] wser | - |~ | ovieesr)-- = (sCwwy ,T) oruscow
: g Seamd wwey W2 ATeaW|
i ey favennd o8 |soscus) — 1 — ) 4ol L/ =) Kayh NowC . G aalnT|
TR w AT e — | - | qasvees] =] .W.ll [}.7 4} . . 1
ettt L~ -39 | wonow w| — - smac /] F= havy A’ prvestqn !
A0S Prow (2l IndIIVE = - . uo« -novl. - | v I HHHN, 4
e Jeey et swsw] pE 14 neoowy | - | . amiol X =]
y - B - Y] . 1 -
T4 b ¢ (Oritvivig wevI 3wes) )
7] . PEsr : rvy W
. i
ro8D g .m 28 {mones wi ~ | — | oasap] =3 BNOASENY AN ..¢
PR B PRI WS L 1 . — . Q- T8] N
™ h-')\\Av B Q0T | wnoy | — A w4 / . --l-
smracst 081 ¥ S WOT | ansE N | ~ | ,mi0r e wil s
iy wy O S AMwm AuBA SO et Caew] — - s mi0L \ O.--
& 1338¢nx el - ssmw O8 | ummas] _ | — | Dneeap |1 r-’-u (-3; 4 .
X . , XY, '
Corppn 4GSt T WX — < 57 [pemimmnal —~ | — &J.Dh\ i1 e o . sy Mg MSA ; .
Ay " {08 nwonay | — | - | S~etns .ao--. kopy €aw ‘' proisaNg LY
T S e T e PR L e T
. u.m 4ta k E mm oby nans mm nissa | ‘SuTOweR Conn - ‘amaged * ve S m.- u
= ' ¢
SATAIONILNCISIC s a ROILITEDSS0 TNOTOOUIONLIT L8

ﬁll‘u»nu.uﬂu.ona d!lﬂ B T o JPSUVIR ere " wlvarm % g — WL “FaGTIIG $ac0ss

207 OO TOINOILORD NINIEIV 30 ALISNSAINA . , TRRILINGIG DHTEXINTONE L



242

Y

IV <D gaing.isns

TR mw

ANDIYY ¥E0001

ebmbyn

. Crowmvid  axsn i1¢
TThevey y @ s T oy CLINIQ T0D T iy - ey sy OOMLEM TTred

‘okd TIINA

, ‘0F/8/ b BN .
Y33 yd ) wTIIW

L Lpatrs guigsve WY () . o Bal] Ralls ‘Cowl ' ywod
RELT et B B I B R e il X s vy -2 maren .
- P T.CL _ a):.n.t\\g bl ] Ayw®iw “wIwIP ' saeargs . |‘
- Drerae v { T ﬁ rr

i ey qrivisii$ .a Y YT I 34

Ld | noney T3 I‘J e

P 2 woaeNw| - —
99 | waowg| — -

T
Litgtitih

roonowp ‘(snoarvmerswd)| 1Y
AvpDd upv  srols€ald

.3

i

yenvid
SR INININS

oSt [Honew W] — ] —

-mm. HAOO WS - -] Awd \

itidihty
AENILY - [H

A [ wvnewm| —| —

fititil

- pre 29 gt
i g
S P IP as 0] si]| wonoep | — | — | awros ” -
pAtynd
5
-_— I8 [ wonew i8] — | — | Serala¥ | -

o Py Yy !,-‘~l aavwe ' purnrrd

ittty
: g

VA In0L009 .1 -
2l Au- AVYT) Jaten .

BrioLsCn

wli(aW OL B VIY)

w Awd

\ '

\QN posay g2 -— -— Ara0L

ittt by

POt darat  gogrvnm} <(lvv iﬂ‘

SwTTeY

505 titihli

nu { o8t , JO. PWIE
. o | Wasews) — | — AVAuS / WI.N.- ol > @ABmiBly W) .
e rerveq A et udeny APVWey - .'..’l . xz \h:E“A:t ~ Qhﬂ
L] s - 3
~ vai “ -] BEHEEE!S af O°Ls! ‘ENINEI ‘SPORPITY ‘OIRIBNIYG
#82! axa |** »m mm ma o i mm niama | ‘SeTepen ‘einiuny ‘motos ‘ediibid m L
SALilNNLiN008I . ' A NOLLATUDE30 VOTO0I0NLTT g g '
BETTI TN TG M T sv T omvE TRnigap 41 ST R

+ T mirwoon “FRAISIIG aerous

507 3800 TOIMOGION

VINZEIV 40 ALISUIAINN




243

HIAIIWOL T - dmng JOS

os .NHNE Siva

ohmnw.h

T . G

a3sn 419

agoor s TG T wuaeio B Sy iy Sy OOMLS TITN

018 T1Iwd

98/8/r "

va

LHDIWM -y %0001 1 SWYCY Yy SIS " wenites
D8 IS 30 . uid o151 ywivd! ;
121MVoUs € G smanIns Irvor : NIV qasvmtmyyr wms ﬂ
Qovans i : (taciyau) visteqoy ~
£ . PNOIY Svi1TId 2AHO Sreid ”
BN Y Qr g snI NS 0L AMInS - - 21004 \ {3 0087 M
PEIY provw e o LSS |useer G| -} amoc) /] v
- RYSELL L Bl - b.-lxttn , W
SNBILIBOI] JuN P (i iPIS 08 i Sy =1 — AA v B2%/ 4 ..mlll
o -1 - riog 3
Leins 1 | warews 4 1 a2 X N
BridtIY 1o suws - ”
wre we ' piq mro€ Grencransl | o8| wasems| = | = | jqaval] 2
= Ol | rivews - =1 ovid W1 - 3 = 3 el
(Fiviess ‘@a@ st ISl — | o8| padews| - =1 ¥350val | ! : o-3%/ he
w0 "
£ ¥
Koot m3 208l rwasews| | - |omeerpl sl . m
¥ /] ‘ Ml
- L | wonep w| — | — |Drgemyj— s ) N
- X IO IO pgt L ARDD W
Brvirge awE1D palyw ST | noney -vg[fywy] wegp] amroc \ . ‘AriwsS '310wivd Roevd Yo .ﬁJ
N ! Cavouw 27 Iy X2 7] ’ L
I IINY tesy .T 3
YR LI ] ..~ o
; o4 M
s IV | W8as¥ | =] = | 2~as \ . o : 3
. - ) 3 a . ﬂ‘.(..:l. Asireodeev) sv8) ﬂM
@ I SIS oal wavews| - | - | savel A posuie BnoTw SwiaA Bainey p (J
wd9 of ~ I 2 0% juresnasl ~ | ) Lwiec| A ) . , ’
5507 430 | $Tiremans o 08 |reeop taw| — | _ |Duigesy f—| it svid 1 (ovN " y0 S wibd
A [ b . -
~ Mﬂl X HEES8HN . 1] -oxaomea ‘eseupawy ‘eanyoanis | s
fhrae Jw: m 28 s F ’ m ‘Sutppeq ‘smuey ‘IMoto0 ¢
~ 0| a1e 15 aon TLans 3l mam S
bt .
SALLINMILNOISIG . 0 WOLIAINONEG NIIDORONLTT
88T D 'on miom . W L m ML ——  DMLNVES J(ﬂ.—.(m\, 439 NOLAVANTE 3 ]

NINICIY 30 ALISWIAIAN

507 2803 TOTNGAINTD |




244

e

£

AU Q- g AR PONS

98 /6/Li v
0007 20D

ANDIYM Y

os/3/) e

Ve umvoO? ‘% I-IJ K ﬂ‘ ~ WELENIG TE0D

mﬂﬁ casn 218

Sng 70Tz Twsaiy maevyy GONIIM TITed

SIN TN (VIS aZIve

e
VBINYyy ‘M EETIING

VIs L0~
SLMMAL DurwW  CarrddC VAM

- O-8S5¢

, AdNE
'ABWD wartdwW ‘5 aisgnie

} 018
r .

—t

0-96¢

j ,,__

oLy LI
) . - WA4NY
\\.f/F 3 tur:itwctl. ber-3”
7 118 088/ ) 104 1"
.*. ATHBIN -3wey £ (1] |
43 ‘qvod / T « N
— 0451 I\\l\/\ ) -
i 4 - al—
Z o£8§/
Aaaituvwdiad Wwoey
) 1903 ' neeu® wnigsw ' AyTD
o-rs/ QU‘.\—L.U(", 'vwo2 0§ 0Y. ..—
- ..u i SNER WP IWVD
| il dE F2IVTE ’ ariss, 4k98 a3
~38| v 58 e [PREEE Or18]] ‘ousemes tovompary esmimris |
Py s ]
oo w.mm:a!mmm . 4 oo . Wawes.- mwl&! e lbn mm-
P - . a NOLI4INDSRA TYIIOOIONETT 5 ¢ LN
88TT ) "o% THa G PR wu = DMNEE TTUSveA 410 wiivarm ' It FNazag .
007 T80) TNOTMORILI5 VINIWIV 40 ALTSUIATNA )




245

YT L OBSAesgns

. | ——
os/8 /1 iwq (VW ama ae .

¥

8/ /L sva 8I¥ TIDSG I.Iudu.uq sava
IV 20007 WO SwuCy Yy €001 ‘8 %3 BEABNIC B0 g Tiiys wiayy siivpy GONIINM TITWG YOIV N errite
=%} 1] {
- T s .
% w £ q.L i
L ) " Sum whad
DOvusaLs V1A you Ny o =X 373 S j
qagqeoirsy .-..-... I -}
w9 o5 ~ 1307 yALvM e |
o il
MU
g BNAISINS ' (amvay |t
. i i IrIdA @4 ewquve] d
-alc..w CRLY . ’
L] .
» g =
Ps un--..
-t
e .09
oo ._“. ! -l >  emonyp
Dt o ¥4 ,08 .-.-..1 SPEBIVINPIVY swig A
BARISL Sveviy svra9ay oo ‘ABVD B | Preutivig
- =z} o e87 %
. g /L
ekl - B .
CIRIMe B o.‘“ Py P
a i v olojoloe ! "y 4- " ] -
seewan Waﬂimmm ) ﬁ._a.. nans mmi pooq ) T Jﬂn m I
sELinerimooele ¢ s n WOLIIINIESG ‘TNITOIONLTT 8- . R
88TT I 'O mom T , U “S5oTen g T mtwrm o« 2 2OLE0T YT T

VINIEIY 20 ALIBERATNO




246

. .t
. knablolr ‘€ ; CatavEsng B

KO AR T ue T R aman o oumme —TTIT ww
Iﬂgﬂ s3000T S0 T uzton nJ-IE-oglllsﬂdagﬂilﬂggn'

k3

Prisvsus @ som3 ..“ ho.oooﬂt“ hu 1Dm T (oriess rmex o)
it ( w04 av ¥ Cwp
- il frviedie; 2] =5 Fratien MES) aws
PR A Sty | AR Cagy ‘' pusssgamg] 1Y
R S . . -
e i 4907 ¢t m 3
. == o-vos WML we) avpamasv] [
. = b IS Hmu& t .
e oam N {ad 1
\\/ by M) Tvweg e M
< I g ,m
- °-B~ eI i
F: famm—
. [T )
o == :
Lk .. .7 4
- - perad
o hameadiaand Lade od Rimding Bl Bl Bword iy 35
L O s oW o o evoor ~o| .| ‘m o] Sri(mvg W .ra.w
T EES S = 2= = om | . i
- 2 | voee eow] = | - iRioe == rasvy/ 13w ang ‘B reais ey
. /,/ VIC &t Wpty Swvsswiing EREL A" I - wudng R - v
~ : w2 VN I
£ g vaaury o 00 o AT (v weed 1 o1 mar . SO 9B (Prngeep) Swowy woug]
InouWIIE ‘arvrd 0p [poooy wow| —~ | — |@omewns . : F1spprvnsy :
o ‘ : ™) DR aovy wg * gwessivg IV LB
: ot for . . 4
N - m m m s — O-4b | ‘syzvmez *sesupiny ‘samysaiye -
Fhras 7 O4! ate | m ] _oow Biang | ‘SeireeR ‘wamiEn ‘ametee ‘adly
FRILINNIINOOS1A B s ] 4 NOTZZTEDSN0 TVDIRYIONATT ? L

FTUTy = nn T W T e SR e w8 o T mtsron TR s
- .uS’ou.auluuSnu o~ . VIEBEV 20 IETSEIATHG .- §l—ﬂ




247

NIIBwey '€ (AANDIng

08/4/6x Liva bes N €%  qusa a1e I . 0ilv/T we

_ AWdINry v22001 w0 w0001 ‘8 .u%d UBNIG N0 Ty «c.!.:tt-!w). ORI TITVG »2idyy ] wrr @
EY R r — —
, . 7.3
- 8| nowev "w - % =
ol I Rl Bt e \ =2 .
.i |- =] ~ ’ Y -1
s ’ Mydhy : . A . [
nseems orus ot N
o . asmswtvnd .-n“ — voons - I3 | . |
- oM Laond “ e - vowase | -3 .
; Pal sewe] I T1 SIB ==} 4ol vy Smeesy
S0 secepgf -1 — o iag ) iyt 23&.\».3.‘ .
.°. EVE -7y - Vol 2y paggite .
E noowd Twweitgws] £
K = SN ——"1 5967
(Sondesvig 0o deg) ) e ..
CBansudIVEd ~WMBIN ' el o ,
! L) . i;( lll”
N - e % /]
HE PO S 0y NG of] T ot - - . -
: * e pas e OB | wssows - m.la.. L) . (e YWL) winend
CBrqms VI( Bwes Lo B ) o
i 8 semsy ‘v8 I VRS 0-90/
. o0 | wasey "ss - ul‘hV s
00 | semep e -] wesisp Pt - Sgewy
b ) . VLIS w3 s
= RIS ERLC E Ra RO K ==l o8/
e o[ wweey l Bthed e ,
'3 g hall o . Pt e P |— ~3 , Kavig —‘
- s ' ABYD ‘(0w ' praLs(
> vl m olels m 90/ | -exzeusz ‘opevessy ‘samyeniye
Sarae pr—— s
87| a1a ~m (13 oty i mu‘i ‘SuTPpeq ‘eminey ‘metes g mm m
SULL10MLIN03810 . f " m0laATEIENe TOISOMONITY 8 8-
Il,rhd.ﬂu on Tom L ® g o T suoem SVoiivaep 4 soxIvARTE s "L ll.qgﬂawg
507 TS TOIMOLIES VIRV 20 ALISUBATRA XN EIG DRTETINTONE Teaiin




248

| M9IIwe Qs qasmudeng

08/4/or ww > . T T GmeeUlg  aasa are ” ™ om Tiwa P86l T 1w '
ety —————————— -
21Ty 0007 MO0 uzpon '8 T Iﬂll\uﬂ\ EELBNIA BU0D "3y peesy iy miery Tirea YRIPVS 3 Wt
’ LRI 17 " T B A 4 wee =} O-377 ! -t
3k 14
aﬁl‘u MRSIRRAIY ) . Py S0¢ P I - e, ..’l S
womas qpaindwBubs rIewm] LIPVaNS c..”. O .
: =1 0277 : ] e
-~ M. g “ S C oc:...un 3 o : . ANYD ‘ug T gNaASTay
. - ’
iR 3o B - owmeny
P ..I.Il- 4
[ i3 VW) g ey smny Thamg]
= ‘ABP9 ME * presas gom)
o Gorp 2unwd y] -
oy o | T
i j ..“..o..- Avmines oD Bwiy !
- | eveow | — | - |paicerr .u.u....ssv sy ey sIlOLu,A!CM .
AP MADD Al| vaey | =~ | ~ | seqeny J . ‘ .HI.M Q.J\\‘
— ol 11N
menweid | gy wemey i.[-wﬂ_.l 34 s dind L o I S 171
g Dot AT S o) waTSSC S 99 | weeb ¢4 ¥ 5o ’ .
iiii b ) ;n!.-\ - _-l.o.‘n - 1.”... ., oo -rs.\s.-l. , O&.i
= R e - , = v vy sudy :
7S { gooer ‘W - - R b
- b lovaer i -1 - oy - ABVE ‘NE ' BNOLSCA W
’ - - . .."l ooy w| - | 9.
= L L & $E00 —=
. I i %]
. nwm an | m if i “
N ERLALOMILAOISIE o s ]
bsTTOC TR T &To N T ourem ] woLy I‘o.mwﬂ.lmr!.l. .




249

B o - : NI, g I SMEIIS
YV (Y{%3 2iva Bava "~ dreweid  gien a8 ‘oIt TiIva Y] Vr Jr s
P ———————————— P ‘ v . . 4
ANDI¥M Y AT200T WX ¢ ¥Z0001 ‘8 .* “a, WALIINIG BZWOD I—-’iln ns.lk‘.. .Infﬂa CONLBN TTIWS IRIOWS °Y wTINN
- S8 evemy s - - Semasap| R ) s J 1 4
g \-J'B.:.l- o .9 - -]~ amieg U . .
- 08 {gpbaog | ~| — | Gmap : X [ : :
< 3 ] Q8w  DrvessCow 118
! K1) L-.‘ -1 - smjec \ A2vp ‘4 1 A- : .
K74 LYY 4 -] - ames N AdNS .
anem A il B e iy ‘ABuw qaw ' dmeasqad] K N
[ 3 - - 3
- : ]
i 2995 e ! Jysuasa sewiv T 0| aveey | -~ | - mtar - Ry 1 ’
. Noraanp .ﬁ‘f '
LT = | swaean] ™\ eE
DN SIINRNE ¥ penss W Ierowl - | whasy | ~ - | geacani~ O
- - |vaew 2 — | swraay | .
: ) gt ¢ EE
2 33 rad vl c =] ST
!(AﬁL.I._ TMM T Ar ol
v e ' et Y gt 4 ey
nlvotﬂl.-vﬂﬂn.hu““( tacamumeriy [ N e [ : a. )
. - 9 : | o ,r\! Her> SuBbNius Sy -
A T gl tma e ST TN svans — OO i WO vonnw BwisTy.
v | wsoems N - A |Ft TABYD ‘gaw ' pNorsCam| A
Jroves Suipaavnsd - sy ' aierving | seemg | - | o] Seipmew | hINEY (G ™
L . ‘quvn 'Aeg ‘w0 m. :
. 3} @811 j . EE
rarsmenIng o0 “iatwy - - 2 e | LB J\-gvts‘tv A5 .
K - =] =1 swwase 1 Maw1g ' amausqa ]
QAU PV N | maseves -1 - 2w | o] Tow
o IR
N v u ke olols|3[E o] O-8M 3 wpawy !
- ...w.n. ssmamocs| 28 mm v |§ g o . bk g i
7 8q| ara | FI§ & aox 5| wama By By ¥
b -~
SATAINNLILNOIEIA -8 0 3% | TYITDONONLET m [} ("]

NOL1IVARTS n 1

b&TT D "M N z = .* nwt ——  OmYN Jy5iiysp dic N ] WIIO0T FNOLENVIG LRFNS.
- \)v - «, . - . .
507 50 T = :

7

T NIUIWIV 30 ALTRAATMD



250

J

MEIBWeL Qi (BSravagng

a5V,

8wtm [ 24

————

. tMwwi{ aasa ae -

——————————r———

siu Tirea

aTR ue

-y

SIS Jysuy 410 .

—————————— . —e — - Pt .
ANV Y TI00T T ®20001 % 0ﬁ® h 4 WALINIC T00 aivey Fwags Sy auvy) COMIEM TITWG = I IR ;t..‘.f .
nasowS Arivw O] wsmew T -1 - amiat [ : 0-s/ A ) | . R
- . -
(wanems Auny) ‘0| weey | |~ | mesiern|~] .W. Ce 14t
‘ ( L 4] 3 A
- snooy 1% ~ | sweed |- ) R o
(RRACINIT AmiiS * g msni el 0L oY Sl = ypesushil] - ] .P(..'JU oo VMg m
savn’ Gussuing St BCaantd Ml B SRRl (2simenvmy) 9IV) wo :
R _ whsed V3| | ~ t.l.c-.J NQ o S s ‘wad g -ﬁi
. . bR .
[ AT, SEE 2 .\!«(h weney 13 T = [ Pmtar ™
4ARsS W BO( QAP IVIS Ay gl . .
Q -
; < (14 A 173 : ’ - :
- + * - - Fed
e €A~ ...:l .I ...““H”.c ~ ——— YN ’ Ting ! TwoD
~ P~
. . SN IIORIVI
P AAUE SEPsvi S JOF | whsew 1y - - 4700 2 |t AVNOIN .ss. .‘!’.—anbl . .
w.luaJ - o8 fusaoy a8 1 - | = swresi~ =l 04T/ a0 - ‘
. * A m“‘ gty An
TMPRLIVIN P BAIVY AL Fo vy ﬁ. -U L
Yo mouvCireirm) vamsmsnswwf| . = - = ] wecwws A e I o) O
(W smnws gua e ) s - - - —-.0 Plnglpld ,
2By wrets padtuSl 03~ -t - - - |V smiac ! : ,
‘MAANT 008 dems P ) swesrnel| oL - . - yuaus o ._m”..l.ull l 4 )
. b IR = S X371} " Py s B
[*~13 1 elojo ONISNNI ‘oseupIny ‘SIBIBNXIS
oo ..mm SSEANBO0N _m.wxm 844 nons mm s cazmIney ¢ se ¢ m mf
788! axa §F aow 18 3| wadsq e T T gt = dly
. = . .
. - R1LIONTLN008TA . 8 #OLLreoess T 10Nt m . gl*
0y :
| b8TT I ™M TYNm, -7 B\W Ve e WOLIVANTY M s ML TP ralsNIG4MONE

§
'y
k
;
E




251

=% > . . . .. o . . .
A i . _ NIIIWOL @ 1qBINVIINS

Lomad.

os/LJaT uwm Vi ave wewwil amas T omTum Yy™ sava
— e —_— . —_——
Lt.ﬁ~'3.‘ glﬁ " £R20007T 8 lmmd Euﬂgﬂdj\‘ah ] OOHLIIM TIIWG g-i .x BWTIING
= . -3 oY  TST oets i
W.w . Anve 93 fwoner as| _| | iiied iy : o S o o _
..,y.,- : M(.\.-c -“A.ulﬁlth meaerag| | - 'lﬁt.\‘vu]. m. . ln.u..aw ABVD) ‘q2yy ’ Pratsiug —
F3 - oM i3 -1 0-a8i SFINET > SUEBNINLS 5
= v “ L wracy s DA o:&t...).. L P uuuuv ,.Nslu!“ﬁu@-st WHD..MMMMME : :
l““b‘.ﬁ‘hﬂi\i"ﬁ-l ‘0““" sboey s | — - et d 2 . 812 ,IA. 'S A . . -:
N E -2 S
. | ] ] 28/ N gavwams T
.#v ‘C‘lg ~etns Dweg i
) : ! BInmvsng AN Two)D .
(Svigwans o0 wv) . D % 9981 ; 1]
Ete'\ﬂl g . %
- Ny ; (I3wvans) qaavmnen o : I
ﬁ , A rp ISy PO o3 - S -
Ny OO orS AVIG AL WU O |usnoyag| - - s & 2 R ol APYLT |
- o8 | woway | -] - | smmscap]Ll]1H1H] ' 9.3 TELNIWIV IS w0 [T
A ks s . . v
. Al o Rfv L8 <
! SO - :
_ 8 | = - ROy 0-25) .
. ) T AMbS & Tng .
P asovny 2 .
oh...at!.lx 5 n" wimms | 2] 2] wom ’ Snois ‘qvwi ' o) 1‘ Ljoa| L)
~ ©l z e HEHBEEE N XLl | ‘ama ‘seswpany e j
wu i
_ [ ] Mn.wm aa .!f m m m aou nons mm ‘burppeq ~§..!8 * o8k : m m
SRLLINNLINOISIA 5 . (3 | MOLLNORA TYOTDONRLTT g gl
b8TY O MM 7T oG mw T oweee “HGTuap 410 wWliars  w ‘8 w1On TR SATG sacous |
BOT T TVOIMMIAL0aD VIMENIY 20 AZISHIAINA ) : TNRIINEG DRINEINION TVUININ

ol

- | DR



252

- , 5 . ] @

A . - NEIWRL T t €@SIAYIINS
ca/b/ee_swm . A nul . e cama &In o1 U Y/ .
LNDIypq Yy wacoo mm |||.W.|Il wmon .mx»l-Nl. CRLBNIO 290D jgﬂalﬂ-ﬂﬂluﬁlg .

ABDY ‘g ‘BvaLsiNg
INOA qQFVWANS m. S . [ ¥ FySy I T .
S E = ‘ABYD we ‘ pevorsqaie |V
) - ; f byt
- : =] =] seacrs Redent . R
I v B e e e = o Dt R
- . ] ‘Aswy -¢ow ’ snassqrw |}
AMrr Smossvrmsg oL - R IS SRR N =
AN CRUw IS (G0 et C S0 S8 | o9 - =~} =] aves : 383MEY  SneBIvverIV)
- .ot S R I .s.:RN : . AWVMYwSA l.tuu
.
DNIDWIS | B onmy : [ X1 { 7/} St..c
Aaa.&.«.ch RS - IL|00eer |~ | - [ ewetari—] T -il.i s
AV g ey e o] O] wmaer | - | | e A% ‘Aipp MDY th:az..n,tﬂ
=4 9.
g a2y 1 Pmws 1€ " @swINING .08 - I . vavd = 197
. oS¢ . =1 2| ewsaap) 1 =y
FoGmipus V03 298 [aveow 2 [vwed | ey Lmieg N o o] v
) ! Pt . '
- X 73 nweeey| - - | emegeay .54 .a..ll.f o 0,§\ )
- ol Sengotdine T B Bammiid e é2 IR . - AANg : .
- o84 | nuawy g =1 ~ | omagary el ’ [P W
Dty w000 ooq] | 341 wwnew| - | _| Leerac u —“4!. ﬁi W' snalsdnu *+40) Q‘
S e TSTalol o485/ 2 g
IR v LB lolejolo upavy u
SO w.a ol 8412 "
y 788 a1 g_m £5 o N mu niana | ‘Suroveq ‘smaxey .lo-oo.luan B '
-
FRLLINNLINOIEIA . o NOLLATUISSG TYOID0I0NATY 8 ("]
— R et ———
BecTT o o ns N. o F s T osundis TSIy aa muarm g s "OLIN0L Be/04 SvigInarous
207 3U0 T IMDAL0AD . XTIV 20 LLTEEIATNG . TERGIERa DY TNENIH

-
-y e



253

03 /u/¥i uw T Taw T emtwwif amin T—————— o TiMG | T e
" ,||,0 . - - e ———————— y -
ANDTY M ¥I%00T O SwyCly y 119001 '3 l.x.leﬂll AILIWNIA JW0D QoRLZIM aﬂdn!.!wwaau § wrire

X = - Q277
.'.. $
“ { NS
................. - o.u.:.......éu..‘..
APV NLIVYY s
P dagqms [
..js‘\..l.‘.. HEEET EEICN EERINIPIPRS ETAN R A, y 1) lo.uﬁs.
ds
S WIS SN | DU SV B TR PR - O-%7).. .

WAL 0L ewiqeay .

FT| uvesy | - ~| g
1..f.n.hru~.l..n..§v.iw..:.v.. .................. Y KT R
. FY . ..l!.vi

ZZ

wdey | — | —|smiaL

N » g qhh R EERRY Py z‘]m A . ....”....IO.::................A..“.\:..ﬁ.ﬂ..,t.& ey

Y |
4 Purvey ‘s sy "
.,.....“... A‘Eob‘nb. UTDL,.nA.cJM b

e ..-\!u!tlw g 1 RTvIves (AU VRN e

E D rdasss mow ! grdise8rr0rg

oL
T
°
)

AL [erey M — | ~ | pudus y L1
wl LN ) [a[Si8]r oo 0% ‘SyIvisx ‘wssupavy, ‘eamiomiys
sorna ST000K 2 s F > ) .
¥oq! ara |* Eig w otw 1wy mm siadq | ‘BuIPpeq ‘esmaxes ‘amoros ‘eddy nm
SALLINMILNCO81q . a SOLITNOSIC TOIBIOMTT

. .I,..N.D.o-u.xl duo l_ WG T puiwvae Svonuwip &ta T NOLIVAZTR BT rh s Odé.bq!ﬁg uifnl..ﬁWJ ;.
. o ¥ ¥

, _[ 50% 05 TN VXTIV 20 LiTSNaATnG




254

«3»5) )

d& N zvé~ IF‘G

.....L-t.-..&.’.‘.‘.&m‘.ﬂ.m..,-

TTIRbIY Y axo me T Twuly Ty wasoor '3 .IJ.%I.N'WEEEI'II]I.E&&

Livq S mOYy 280 I8 id 2 ] ua
“iwsaday § wriien
-5 ] {8 w
K ST IN N
ﬁI orer} -
1 |
$SNOISAVINT

R aun

.....

....... ...o.ﬂ‘:“@sg-.

TIWWS  swes

: O
1 | : N e
- ‘Ie.as.......b.v.k,.v...cf..g..._- o
b« - .
13 I4H
i - . .
l,o..ﬂaw... A .
i T
0-L% - L
/wm s = I3 m saiz ~ ! “SAIVMEZ ‘GOSUPIRY ‘OIRIONIIE | ] lml
SRS w.mtn j E mm XidBQ - ..oci.cuuuu-c,.goo.lha . mx il ¥
/ SAILIONILNCINIQ - | WULIJIEOSES TNOIO0IONLTT L B
<) "ou 1o lml..a |w. N ouauvas SoOPK a9 T - NOIIVASTE (T T ~ 2 "oTRL} wuwnn ..
307 3600 TOIRDILOTD VINZEIV 40 KIIGNIATRA : iﬂg
o * ~. - -
! .

S VL agh



255

4
&S/AT  uw : ‘nave SreWWId amsaue T o 1k —
. g . - : r . . ‘ . .
Yz W) -y ewon WO T Swuiy 'y w0t -z _Rg ¥ MBI W00 'll,..l. 85!58 NBReny 'y werome
L (avwvive)
Anrentd, 0l 2USAYD ‘2u0ivg
_ ST -
oy . .u.a..o.. % KON O PP B

...........

.‘ Yo" 5 wobd |-

. L} a3s -
*SaTppeq ‘armises ‘20700 ‘edly mw m w

%7098 4 * OFI b wwor Fuas acoss |,




256

’ . . . .»” hA
. . ,

S ————
oF /u/%; muw . i va OrOWUI¢  ausn 31e oIs Tilva v

L4919 w €20001 ’8 G “CAQ v w0201 °3 .\*lﬂ BALINIG TN0D ) QOMIZM TITWA " ‘-Isﬂtﬂ .Q,g.-i

1
3

LA
SAVALIWYY €Ikt
AanvC 2w0s

spayed
Litititie

. O991}) ..

—5

I
[
|

o8| sesew-us| =1 amag -}
! . P
36 Lopndirer NN Iel RPLY iyt (Y70 U rrd.u L AMSsew |
M ‘asvy ng ‘' swari(ow
i

P riwupus  wogw
.

ouD.! I

devaitdnw q.‘uudliu .

.

.
v
:.

°

3

O-8Y - .t.n.v&t..tv.h.c.. P IO IRR 2% B
‘ vy .»..!uh. * v

i - QM | pinink; tt..gw«gﬂ’ ...,..,.....,j
Y7z 13830.8!.!.!.. .
-1 1Y

- .. Q-1 b=

+ENAGNSS °GOOUPITY ‘BINIONIYS

v-.
.... v m _ u
1.. .!i.i.!s.§< .
410 W 25 ave -ﬁ!- Mu.sv o'. , x. .ﬁ
SA11I0NIIM0081a . o . MOILATEISRG TYIIO0IONALT

oniuves J(U:(u>§ HOLIVANTE L o9sLs ¥ mﬂ Lk WOLNO0T pNaL §b




257

- O

\sﬂ 9

93/ e mw , . Fren T rew U s are —— om Tw —
Ltﬁ.!\J.Y L ) SWVQy 'y oo, ‘% v||||-w||. 2 WALEDNNIQ 380D T T g0NlEM TTIWG 1 Ay'§ wurirea

HIB T
!l-"'l-lg -

1
-7
i

LYY VI Ppmeere Ollvwepard _ | _ | prwsess}— ’ ) .
91c -~
B [P DR B ARRY £ 01 i ..n-‘..l-°.°ﬁ~
enavitus & rever O] sassws| | -] vesas| A B
Ai(.-:tt(r..,v.. P ].l.l.
.....-.........i...——. e ool . - L T 2R
e o el
osei SIS OV *oreym| - - amac \ m—h lh.h.m.
/w vl - .amm sazs HHHHEA m,a..o- Tsesugavy ¢ & “
PESSY ) 283 1o iﬁ_ E s e mn curpors “opaamen waies *odis wm q,
. . SILLINNILNOIEIG . 0 . NOYASTUDONG TNOIDOIONEIT .
T () Tom mom G ®© TG o WV THGSITR 430 Wi R 09z Lf 2 OYH L[ Moot “Tpeai rlaﬂ

Y




ARPENDIX 6

258

.



\\\- -7 | . 259
\ B

UNIAXIAL COMPRESSION |
This test Qas undertaken on specimens of full core diameter
(2.6 inch). The specimens were cut with a diamond saw, then
the ends were lapped, using a lapping table with #80 and
#220 grit. Specimen width to height ratios between 2.0 and
2.5 were prepared (except for one mudstone specimen with a
ratio of 1.6). The ends were lapped so that,they,were blane
and parallel to within 0.002 ihch.They were then air dried
and‘e]ectrical resistance strain gauges were attached to

each -specimen using epoxy cement. Two pairs were placed

around the central c1rcumference one pair for axial strain,

and the other for cwcumferential strai‘
q The specimen was placed in an MT$S rvo controlled -
stiff testing machine (Plate 2}, with a spherical seat on
the bottom_ind the maéhine sbheriga] séat on the top. Strain
indicators were connected to the gatched pairs of gauges in
s full bridge con?iguration The specimen was loaded at a
\ constant madﬁine stroke rate, producing specimen faii&res
« within- approcimately 10 minutes. Strain readings were taken
at load 1ncrements of 1000 or 2000 pounds depending upon
_the expected failure load
Axia) and lateral strain were pfotted against stress
(Appendix 7) énd the elastic moduli were estimated from
these graphs. The.Young‘s Modulus was estimated, by
measuring’fhg/sigpe_of‘the axial stress/strain éurve; at the
st?éss'vaiué/équal to 50% of the failure stress. The

circumferqntial strain is negative (geotechnica! sign
et uw4‘°‘ -

-

. '. <’
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convention) and therefore the sign has been reversed to
enable both strains to be plotted on the same graph. The
circumferential modulus is estimated by measuring'tre slope -
" of the circumferential stress/strain curve at 50% of the
failure stress.‘Poisson‘s.Ratio is then calculated from
(International Sdcfety of Rock Mechanics, Commission on

Standardisation of Laboratory and Field Tests, 1979):

Poisson’s Ratio = Young's Modulus/Circumferential
Modu lus

IRIAXIAL COMPRESSION

xSpecimens for this test were undercored to 1.6 inch diameter
. . . .

using a bench mounted diamond drill with air or water flush

-

(depending upon‘roc%). The undercorgd specimens were cut
with a diamond saw to broduce width tb height ratios between
2.0 and 2.5. This was not possible for some muastoneiand
coal samples, as they did not withstanq the undercoring
process very well. The ends were lapped to be plane and
vparailel tb 0.002 inch. The in situ moisture content was
preserved as much as possible by sealing samples in piestrc
bags prlor to testing.

Immediately'prior to testing the specimens were )
unsealed and placed*iy the triaxial cell. The HOek-Fringzmr
triaxial cell consists of a metal jacket (capable of _
-wfthstanding tnternal ‘hydraulic-pressures of 10,000 psi), a

pflexible sleeve (to provide a seal and protect the specimen.
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from the hydraulic fluid), and spherical seats at both ends.
The triaxial cell pressure is provided by an 1nfen$if1er
unit that is pressurised from a compressed nitrogen
cylinder. |

The cell was placed in the MTS servo controlled stiff
testing machine (Plate 2) and held in place by a small axial
load. Thg cell was then pressurised to the confining
pre8sure required for. the Eest. For the higher confihing
pressures this was done iﬁ“stages; in order to avoid
specimen failure ag a result of the confining pressure. At
each stage the axial load was increésed to produce
hydrostatic stress coﬁditions. The specimen was then loaded
axial}y at a constant machine stroke rate, producing
sbééiﬁen failures within approximately 10 minutes.

After failure the specimen was removed and weighed;
then it was oven dried at 105° Celsius to calculate the

»

moisture content.

Disc specimens were prepared by cutting cyl%ndrical samples
pérpendicular to the long axis of the core. In sity moisture
content was preserved as much as possible by sealing
specimens in plastic bags prior to. testing.

: The speciméns;were‘testéd in & 5000 Kg stepless
compres§;on fest machine, with f1at platens and a spherical

| g_éat at the bottom. Loading was carrieg out along a |

' diameter, and the load at failure was estimated from the

- g
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\

dial gauge reading on'a proving ringvincorporated into the
machine. After failure~tne specimen was weijhed oven dried
at 105° Celsius, and re-weiphed to caiculate the moisture
content.

The tensile strength was obtained from.the fqllowiéé:T
equation (International Society for Rock Mechanics,
Commission on Standardisation of Laboratory and Field Tests,

1978):

SigT = 0.636(P/D) | | -

s

SigT = Tensile strength (MN/m2)
P ”

= Maximum load (N} y
D = Diameter of specimen (mm) R | \
RIRECT SHEAR . .

Direct shear specimens, approximafblg 2cm thick, were
prepared by cutting para]!el to the§d1scont1nu1ty plane to .
be - tested During the prqparatioh pnocess the in situ

moisture content was preserved qsqduch as possuble by
cover1ng the specimens: wf:ﬁ 2 moist cloth. The spec1mens
were meunted into each half of the shear box, us1ng ‘a 1
sulfaset anchorage_mix that expands glightly upon setting.
The discontinuity plane was arr:hged so that it was parallel
to the plane of ‘shear. | E— . - g

| The shear box was mounted into a Farnell direct sh

apparatus that could provide -a constant shear rate. Normal
' “ B



.loads recorded yith adJustment made for the measured

‘appafatus and p

L 263

o

. load was applied by means of a suspended loading platform

and assorted weights. NOrmaP and shear displaceme%}s were
measured by linear variable transducers, and shear loﬂd by

strain gauges ‘attached to a proving ring. All-measdgements -

R

~were continuously recorded on an X- 5§flotner

The spec1men was sheared appro ately S5mm with a
normal load of 300 N, then returned to its intial position

w1th no normal load. This procedure was repeated with normal

‘loads of 1350 N, 2850 N and 4350 N Peak and re51dual

friction angles were calculated from the shear and normal

r,‘.~ . . R <

dilatancy T T o e .

- ’ -~ . ' 3
: X S v
M W ‘ o ' ' ’ A S ’
' w ‘Q ‘, ar X

Slake durab'lity tests were carried oq} using the standard

»

ure (Gyenge & Herget 1977) The sample

- was d1v1dedgpnto ten pieces with rounded corners -each of-

| apprgximately 50g Jeight These "re oven dried at 105¢

: Celslus and weighed They were then placed in the standard -’

test ‘drum and mounted in the testing apparatus Tbeldrum was
partially submerged in tap water. at‘room temperature and :

‘rotated at 20 rpm for 10 minutes. " The sample was removed

and oven dried before bein re weighed This® procedure was

:repeated and the final weight after fhe second cycle was

S P

obtained | B L
The,clake durability index (second cycle) was:

»_calculatad as the rcontage ratio of the final to initial

¢ e



»

dry sample welghts. - »
Voo @ ' : )
b f“_in_ed s\fvelling tests were carried out on cylindrical
o sagples of 1.6 and 2.6 inch diameter . The\.sanples were

Placed’in- a metal container witl‘li"”"th‘ewflat faces horizontal.

A d‘lal gauge was po‘sltloned on the top surface to measure

284

..1;{,,‘.#»4”

L

- the vertical e)qg‘ahsion The speciman was subme“pged in tap
wﬂtefr at room temperatm&@nd r-deings \vere taken at -
5 o, ‘
i interval§ - R ‘ . 3@ uw t‘f: ' e n.
’ The swellmg slrain inde)@«&w;;%?ffined) was calculated
I from the’ following atlon‘.(gyeg@e‘l& Herget, 1977): 2 4
V B ;‘ ] [} T » . b
- . ! - - ' '.' o r - "
SSI1. =-100.d/L. £ RS : R W : .
» . . "f:.' ; . .y . . .
s £ '_ ‘
s 361 Swelllng §t?a 4 dex (unconfined %)
T \' 2. g B . L2
d = Maxrmum yerticai expanswn (mnl - .

n ,
L= Specmen vertical drmension (nﬁ'l ' B

- - - " . -
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A a". \q.} ‘ie M’Q _
* Ssmpleh undercored to 1.6 inch dlameter along core. axis.»-_
All bedding dlpg between 10 and 15° Tca (To Core AXJ.S) '

r ,
i
N
SILKSTONE GEOTECHNICAL TESTING - TRIAXIAL
SAMPLE| TYME MOISTURE % | O 0; | REMARKS
. ' (psi) | (psi) .
J5A ANDSTONE 4.0 10010 | 500 | SHEAR~ 25° TCA
J5B &Ds'rgﬁ& | 127007| 1000 ot
J4n  |SANDSTONE - 6150 0 - \
J4B , |SANDSTONE - 5600] o e~ 0.85xlgfpsi|
J9A  |SANDSTONE 2.6 14950 | 1500 -
[g9B SANDSTONg-|" 2.8 12470 | 1000 | SHEAR~ 28° TCA'|
J10A |SANDSTONE'| . - 16630
J108 DSTRE J, 3:5 ‘1'{930
|514a |MUDSTONE _ |y, 5.0 1 7820
& i o
3148 |MuDSTONE 4.8 .| 9420
{7162 |MUDSTONE 4.2.°°413040 | 1500 snm~2o’1-CA
1J317n - {MUDSTONE 4,0~ 15670 | 2000 COMPLICATED
J17B [MUDSTONE | _4.0. |11790| 1000 | #HEAR~ 20°TCA
CloA |SILTSTONE ta’._i' 12080 | 1000 | SHEAR~ 28 TCA |
€105  |SILTSTQNE- 3.4  [12040 | 50D | CONE FAILURE
F7 ‘] COAL . v - 116140} 1000 | SHEAR~ 20° TCA
Gl4a | coaL . - 5350 | 500 | sHEAR~ 26" TCA |
G148 | CBAL " - ] 2270] . o0]compLicaTED |
fG13a coaL | -~ . - - |15690 | 2500 | SHEAR~ 25° TCA
|F6B COAL = - ‘- .. }i2820. 1590*‘&”:,1@@@"
F3 .‘cozgm N - 14710 | 2000 | SHEAR~ 25°TCA |

AA')‘ .



b e

SILKSTONE GEOTECHNICAL TESTING - BRAZILIAN DISC

o

268

o » Ib;is o;idiact all\faraliel to core axis.

‘-’ | B oy
TENSILE ;,;g&»,
smp‘ TYPE  STRENGTH | REMARKS - @y W
_ - psi) jiak—' + L
. R ‘ al &
J4C Sandstqgg 295 - T . "
J9C Sandstone , 308 - \ .
JIE _|Sandstone 269 _ = A
J9G Sandstone- 290 . §QSE— -~ ‘ T
J5D Sandstope . ~§35 y = L
. J10C |Sandstone | *357 - _
. ¢|_J10E |Sandstoné . _358 . - il N
C9  [Coal . 119 S T .
, G1l4C |Coal A 97 =% ‘ T N
wa | C11B |giltst®e | -tas e = .
. &n ~ Cl4B .JSiltstone | 389 " - R
1. J18B ¥Siltstone | > 626 , = ]
«C12A wdstone T 864 Possible bad failurel+*.
“F1C #Mudstone 282 | Weakness plane :
J17D- |[Mudstone 197 « | - R
L dl Mudstone 631 % = ' .
X {Mudstone s | 1333 .. | Multiple failure
LI Ci¥¥® {Mudstone }7 .7 BT o1 . - -
- J4D | Sandstdn “~434 . | Modsture 3.0%
D" |Sandston v 305 | Moisture 3.3%
9F | Sandstone_ 262 .1 ~ e
J5C_ | Sandstome | 471 | Moisture 4.7%%
JS5E Sandstone - 309 - , ,
|_J10D |Sandstone | 289 - ‘ .
J10F | sandgtone | 362 Moisture 4.1% °.
[ FéA [Coal 48 = S S
) aj 3 y Coal zsﬁé e " — . :‘?ﬂ:
{ Cl4a . Siltsto4g_ 304 - '
G19B |Siltstone | 364 —
_J18C ISiltstone | 745 - )
‘F1B - [Mudstohe | 375 1 ' - ,
J17C |Mudstone |. 457 - /- .
J17E MngstOne‘ 1 (371 -
X1B I'Mudstone - 96 - ngg;ex failure.‘
X2B |Mudstone . 1043 - BEDEN
- e » o ‘e \\ N

*, Determinat n,ol téhsile test plane in relation

e

to bedding was not possible.;v-f

)
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| ! o,
SILKSTQWE GEOPECHNICAL TESTING - DIRECT SHEAR

. {sampLE|
i3 'L! .

_ TYPE

NORMAL
4 V)

LOAD + |

FRICTION

(DEG)

ANGLE |

 DESC

RIPTION ,

P

‘MUDsrqxﬁ

¥,

;?93 —

2850

21 7.

".

”h:

;&W V‘,’ﬁ._ ot ‘- .
: 950 "], 30.2 [saw cuT PLANE AT.
. 1550 | w31.8 |40° TCA.
J3A |SANDSTONE| 27 : ROCK POWDER 'LEFT
¥ s 4l " | 2850. | ®'32:45 , |AFTER SHEARING
- - ‘_ , by I.
*¢'~_3§Bq ] 7831 ;
> V'; - 5 . . 5 _;J
TAPRRTE RS I Lsso? 20 9% _JOINT'V4O :
} s T SIS R R K 'MEDIUM ROU wan- s
{a12 Wﬁsmpm: | 30 2850.-] 20,0 |soME WAVINESS ALONG
. e, 1 g . 4STRIKE. FLAKE
S ._;fp*.;;h‘ =|-4359 '18“7 DEBRIS AFTER SHEAR | .
7 ‘:55 ar - e y e \
L 1350 ,’. es 5"+ JOINT ~6§5TCA

SLIGHTLY. ROUGH ,WAVY
ALONG STRIKE & DIP.

~T|MAJOR PORTION FAILED
| AT 2850N. g@’

21 73-

‘ ;_‘, SIS

. 24. 8.

23,3

BEDDING ~ 78" TCK
V.@RIN CARBONACEOUS
aﬁggzs. ROUGH AND"
MUCH: SHEAR
DEBRIS. AFTER TEST.

 ,23;2N

28,2

25.1

BEDDING ~2o’ TCA
WAVY ALONG STRIKE, .
ROUGH WITH SOME
‘SMOOTH PATCHES.
MUCH SHEAR DEBRIS,

AFTER TEST,

L
"

»

:.~,_"-
R X Reaid&;l va;ues are presented, as there ubre no
- significant pcdk values.f~"f 2 : ‘
'~f”.* 311 she&ring wa-'alongbthe &iseontinuity dip.;
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‘SILQETONE GEOTECﬁQ;CAL‘TESTING = SLAKE DURABILITY INDEX

- »

EAMPLE |  TYPE m‘onx-* - REMARKS

c7 | mobsToNE | 78.5 |MUCH FINE BLOCKY SEDIMENT | |

Gl18 | MUDSTONE| . 16.8 [MUCH FINE BLOCKY SEDIMENT

-
.

315 | MUDGTONE }0 95.3 | SOME SANDY SEDIMENT Fy

B Al . ar e g

g ’ h‘f’" ) . ' L 3
* Second cycle index calculated. .
* Tap water at ZOfC used. _ ' i _' - . .f%

R

-d"

J_éAMPLE _TYPE, |puraTION|SSI 8| REMARKS o
X L | HOURS N ot S SO

€158 {8ILTSTONE| 72 | 2.9 | SAMPLE WROKEN ALONG BEDS
AT ST . - | WiTH CARBONACEOUS LENSES

~_J1BA |MUDSTONE 18 | 2.5 |COMPLETE DISINTEGRATION.
U A %1, " |oF saMPLE AFTER 2 DAYS

- Tap water o 26‘ éx Aked. o ‘
PR SSI - Swel}ing Strain Index (unconfined)

»
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APPENDIX 8

MINE SIMULATION RESULTS
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~
\
(7 MO RISPL. 4 BISPL. BISCONTIM t : ‘RUN 21 COAL VALLEY CONFIGURRYION 2
P
[ L,,_- 1 E,=.38E+04 vV _=.19
N = 80 £,-.38E+00 ¥V _«.18
ND= 0.50  E_«.39E¢0N V_-.19
NT o= 0.025 G _=.16E+0Y
$16,.,/SIG, = 1.000
. SHa L 6 THICK DEPTH

1 .380E+03 .150£+09 2.50 150.0

IR R R S A T T S T | - {ONSERM: SEAM 1| SEGS  1-80

_rew e ! . e
POABAL BIBPL. L BISPL. RISCONTINWITY ., b SMERL 4 mORRL  STACSSLS v -6,

Lo Y
AR RN

-

Yoo

_l"___ﬂ__&!;t-

e
[, S
L,
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wae® ! E,=.38Es04 v, ..19

Ny = 80 En=-38E¢04 VvV .19

D" 0.50  E,..38E00y v _..1g

Ml 0.025 G, _».18E+0y

$16,/316, = 1.000

Me  E_ Gpse  THICK. DEPTH
-380E+03 .150€+03 2.50 150.0

OFFSEAM:  ve -140.0 SEGS  1-80

LI LI AT ITTTY BISPLACEAENTS P B

M

o
[J

——



[4
- &

we

qw

o g

EE&'ZI COAL

T A I TR
-reTa Sy

110¢e8818

N

N-l

SI1G

[SM»
1

.o,
o 0
. o008,

ol

L_2Al

-1
~ 80

0.50
0.025
o/S1G =

2
.380£+0)3

OFFSERM: v-

———— e

MEM ¢ wORmAL  BIgPLAlImCNts o

VALLEY CONFIGURATION 2

280

Eu=-SOE*0U - vV _=.19
€, 38E+04 Va9 |
E,=-30E*00 Vv _a.19
G,=. 18E+04

1.000

G  THICK DEPTH

.150E+03 150.0

2.50

-I}S.Ok 37E057 1-80
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tT00108

« 3 3T 07V R R TR

ERIIaNA MY
118801

N

LRI

SMa

.- 8,
o 818,
PRI H{

= 1
= 80

WO _,~ 0.50

0.025

-
n

S16,/S16, = 1.

£ .

.390E+03 .1

L ICL I TTT T

=.39E+0V
=.38E+04
«.98E+04
=.16E+0M

3
£
3
6
000

Aad
n
n
0

ol AUN 21 COAL VALLEY CONFIGURATION 2

6 THICK

50£+03 2.50

Y= -148.0 SEGS 1-80

BIsPLACINENYS
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V=19
V.18
V.-

.18

DEPTH
150.0

S
e "9,
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1'ap iy

o0 L
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IMTA STy

| AN NS NN ] LN
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PRLIE 2

e A d I T3
L  musn

N o= !

N, = 80

kKO ., 0.50
MY .= 0.025
516,/816G -
SHa E

I .380E+03

OFFSERM:

LA 4 wORRAL

-

AUN 21 COAL VALLEY CONFIGURATION 2

E,=.38E+0U v _-.1p
E,=.3BE+04 Vv _=.19
€,-.%8E+04 v . g
G =.18E¢0y
1.000
6 e THICK DEPTH
.150£+03 2.50 150.0

Y= -152.0 SEGS 1-80
pisrLACLRLNTS .,
o,

—

282

A
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OO DISPCL @ BIBPL DISCONT MUY o=y, |RUN 22 COAL VALLEY CONFIGURRTION 3

1
]
) .

' Nowm ! £,-38E<0y Vv .18
Ny = 80 €,5.396+04 Vv «.19
WO = 1.00 E,e.39E+04 v -.19
WY .= = 0.026 G,=.16E+04
$16,/51G,» 1.000
SKe E ¢ THICK  DEPTH

! .390E+03 .150E+03 2.50 150.0

[ ]

#

2

RIS [ S I B R PNS‘Eﬁ,ﬁF,, SEAM 1 SEGS  1-80 B
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{3 ttante PR & RUN 22 CORL VYRLLEY CONFIGURRTION 3
c'!.
Pty
! N v - En=-39E+04 Vv, =.18
N, = 80 E,=.38E+0U Vv _».19
! WD,,= 1.00 E,-.38E+0u V .18
MTgne 0.025 G _-.16E+04
: SIG,/SIG = 1.000
e SMe £ G e THICK DEPTH
1 .390€+03 .150¢t+03 2.5¢0 150.0
oA orsol
. .
&
:L - .
- - ﬁ ‘-";’Tl llﬂm. * e [.O F F _S,#E_E,”,_:_,V, - ,Y,,- . ! ,:‘0/.70 S £G 3 - sg—j
b sTeIesE S ’ o eemg, 3 MEAR ¢ BOARAL  BISPLACLALNTS . sy,
o MG, . o8,
N
o
[ §
. H
v
;'4
3
H
1
[

s
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. 1801 ol kun 22 CORL VRLLEY CONFIGURRTION 3
LHL
N £, 396404 v <. 19
N, = 80 E,=.39E+04 v v 1p
MOy~ 1.00 £ o.39E+0y V=179
KT = 0.025 G _a.1BE+0y
$16G,,/SIG = 1,000
IMe €, - THICK  DEPTH

1 .380E+03 .150£+03 2.50 150.0

‘-g- C T L)
[

P et VR OFFSERM: x« -1us.o sees -89
' TYatsscs o ng, ' WM 4 wenAs( Disriaccacamy .o, '
o BN, " ey,

' .o,

5 e
T ‘owc‘vm‘
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j i N, .- | £, 39E+0Y ;.19
N,.= 80 L, =.39E+04 ;.18
Y W0, 1.00  E,=.39E-04 W~ 19
WY = 0.025 G _=.16E+0U
b $16,/S1G_= 1.000
e SHe  E ., 6, THICK DEPTH
. 1 .390£+03 .150E+03 2.50 150.0
N
# “
1 \
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-3
(o el S
A tTanins ol RUN 22 CORL VALLEY CONFIGURRTJON 3
.-
.ot ,
3 N ) TELmI9E08 V. _..19
N, ~ 80 E,».39E°04 v _-.19
% : WO o= 1.00  E,«.39E40U Vv .19
. WY ,= 0.025 G, =.1BE+0V
4 SIG,/S1G,= 1,000
e SMe  E_, Cpwe  THICK DEPTH
. ! 1 .390E+03 .150£+03 2.50 150.0
L
. .
1
1 ) A
| |
T ekt TR OFFSERM: v- -152.0 secs 1-80]
s f1hE38L Y . -’lt- = SNEAR & WONRAL  HISPIACEMENTS Tev
. = 8I8, o o9,
T L . =315, s
{
L}
L,
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r} SHEAN BISPL. & S13PL. DICHNTINOITY » % RUN 23 CORL VALLEY CONFIGURRIION Y
; -,
Y Lo ot ! Eye 39E+00 v -.19
N » B0 £,7 396400V ..19
! WO, 0.50 E «.39E+04 V_-.19 i o
: \ Rl 0.025 G w.16€+04 H" ’
5 ) SIG,/SIG = 1,000 \
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WO, 0.50 E =.39E+0U V =.18
NT,* 0.025 G =.16E+0U
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AUN 23 COAL VRLLEY CONFIGURATION U

N, | E,=-39E+O0 vV _=.19
N, = 80 E,=.39E+04 V x.189
WD, ., 0.50 E =.39E+0U V, =.19
WY_,= 0.025 G, =.1B6E+0U
SI1G,_/SIG = 1.000
SMe  E,.. - THICK OEPTH
1 .390E+03 .150E+03 2.50 150.0
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