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ABSTRACT: In the context of surface subsidence studies, a single index, called a strata parameter (P), is
proposed to describe the overall deformation character of the undermined strata in different coafields. Based
on the strata parameter, a generalised empiricd method is developed to predict the maximum surface
subsidence and the shape of a transverse subsidence profile resulting from a single completely mined kmgwall

panel in different coalfields. The validity of this method is tested against field data from other researchers.

1. INTRODUCTION

The approaches for predicting subsidence of strata
above extensively mined areas in bedded deposits
could be classfied, based on the degree of
mathematical analysis involved, roughly into three
main groups: empirical, theoretical and semi-
empirical. The empirica methods are directly based
on gmplified relationships between subsidence
magnitudes and the mining factors derived from the
statistical analyses of the data from measurements in
a given codfield. The so-called theoretical methods
combine idedised models for the deformation
characteristics of materials, e.g. elastic, elastoplastic,
etc. with mathematical analysistechniques, e.g. FEM,
BEM etc. to simulate the movement of the large
undermined  rock mass. The  deformation
characteristics are determined from the testing of
small samples from the relevant rock mass. The semi-
empirical methods, e.g. the 'profile-' and ‘influence-'
functions use mathematica expressions derived to
directly fit measured subsidence profiles.

The theoretical and semi-empirica methods, which
incorporate many simplifications and assumptions
regarding the deformability of the undermined strata
must be calibrated before they can be used for
reliable predictions (Pariseau, 1993). The input
values for the parameters in these methods should be
derived through the back analyses of measured
subsidence data. As different idealised models are
applicable to different degrees to the behaviour of the

undermined strata encompassing caving, fracturing
and bending zones, such derived values for the
parameters would be different for different models.
Because the process of the surface and strata
movement, especiadly the extent of the caving and
fracturing movements, depends on the mining
factors, such derived values factors even in the same
given model would also be different for different
mining factors. Thus, the cdlibration of a model
against measured subsidence must be made for
different mining factors (Bhattacharyya and Zhang,
1993; Zhang and Bhattacharyya, 1995).

In view of the wide variations in field conditions
with many unknown factors and the complicated
nature of the movements of the undermined strata
depending on the mining factors, a single randomly
chosen fiedd study may not be representative.
Therefore, the datain the empirical methods obtained
by the dtatistical analyses of many field measurements
should be used for cdlibrating the other methods.
Although most reliable for the two-dimensiona
predictions of transverse subsidence profiles in a
given codfield, the empiricd methods at present
cannot consider differences in the characters of the
undermined strata (overburdens) and therefore, can
not be reliably used for other coafields. Thus, to
develop a generaised empirical method which could
be applied to different coalfields, the consideration of
the characters of the undermined strata must be
included in the analysis. A single index, i.e the strata



parameter is proposed here to describe the general
character of die undermined grata.

2. STRATA PARAMETER
2.1 Definition

The factors which control the magnitude and extent
of ground movements induced by mining can be
broadly divided into two categories (Shadbolt,
1978), namdy "mining factors and 'dte factors. The
mining factors are the active ones which can be
controlled, while the site factors incude the ground
environment in which the mining factorsinteract

Mining factorsrelate to the mining methods and the
geometry and dimensions of the excavation, e.g.
pand width (w) and depth (A), method of support,
extracted seam height (H), rate of advance, etc. Site
factors refer to the geotechnical conditions
influencing mining subsdence, such as type and
thickness of drata, soil cover etc., geological
discontinuities and hydrology. It is extremdy difficult
(if not impossible) to investigate the individual
influence of each of the agpects on surface
subsdence. If a single index, eg. the 'Srata
paramee’ (P) is used to dexribe the overall
character of the undermined drata, it would depend
on many aspects such as the deformation behaviour,
positions, thicknesses and digributions of all the rock
beds in the overburden and the variable geological
gructures within the undermined grata. Obvioudy, it
would again be almost impossble to sudy the
influence of each aspect on the drata parameter by
using any empirical approach. On the other hand, the
current theoretical approaches, based on smplified
idealised modeds for dexribing the deformation
behaviours of the rocks included within the
undermined grata, cannot rdiably smulate the actual
drata movements which include caving, fracturing
and bending. Therefore, the so called theoretical
approaches can not directly be used. for such
investigations.  Thus, the dgudy of the drata
parameter (P) has to be smplified for practical use.
Accordingly, while the absolute value of the drata
parameter could be anything, the reative values of P
could be useful for practical purposes.

In the context of subsdence study, the Smplest
aspect is the maximum subsidence, which has been
mog extensively studied around the world. Thus,
whatever approach is used, the prediction of the
aurface subsdence should at least accurately indicate
the maximum surface subsidence. In order to keep
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the prediction of the maximum subsidence accur ate,
the grata parameter (P) should be directly based on
measurements of maximum subsidence. In the
absence of anomalous circumstances, the m»™x»™
subsidence occur s at the trough centre above a mined
pand in a horizontal or near-horizontal seam in a
given coalfidd. In such circumstances, the ratio of
maximum subsidence (5) to an extracted seam height
(ft) can be defined as a function of the single
longwall pand width/depth (yv/h) ratios (NCB, 1975;
Holla, 1985, 1986, 1991). For différent coalfields,
the S/H ratio can be smplified in a general formas:

S w
S=r&.p) @)

where S = maximum subsidence; H « extracted seam
height; w=panel width; h - extraction depth and P *
thedrata parameter.

The function defined in Equation 1 can not be
expressed explicitly. But, it would be possibleto use
a nomogram to describe it For practical purposes, it
can be assumed that the character of the undermined
drata within a given coafidd is consstent, or the
differencesin the character can beignored. Thus, die
relative values of P in different coalfields can be
etimated by comparing the values of the
corresponding S/H ratios for given w/h ratios. If a
linear relationship between P and S/H for variousw/h
ratios (induding supercritical pane width) can be
assumed, then the rdative value of the drata
parameters in a new coalfidd can be linearly
interpolated or extrapolated from two differing
values of the drata parameter in two different
coalfieds.

2.2 Derivation of the grata parameter value

The curves as shown in Figure 1 for determining the
S/H ratios in the UK. and the Northern coalfield of
NSW are used as references. These (reative) values
of the drata parameter in the UK coalfieds and the
Northern coalfield of NSW are taken to be 0.0 and
0.7, respectively. Those two values are so chosen
that theratio of the total thickness of the strong rock
(i.,e. sandstones, limestones, conglomerates,
dolerites) beds in an overburden to the overall
thickness of the overburden, can approximatey
reflect the value of the grata parameter (Zhang and
Bhattacharyya, 1995). The-other contours (dashed
lines) in Figure 1 were derived by Zhang and
Bhattacharyya (1995). To estimate the values of the
drata parameter in other coalfields, the appropriate



curves for determining .S/H ratios should, therefore,
be compared with the dashed lines in Figure 1.
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Figure 1 Comparison of the nomogram and the
actual data (solid lines) from different coalfields

The general trends of the curves (dashed lines)
shown in Figure 1, need to be compared with the
data from other coalfields. Such data collected by the
authors from past case studies by others, are also
shown in Figure 1. In Figure 1, it can be seen that all
the curves (dashed lines) maintain trends similar to
those (solid lines) based on die field dauby the other
investigators. It can be concluded that the nomogram
in Figure 1 does provide the general trend between
die S/H and w/h ratios in different coalfields. The
(relative) values for die strata parameter (P) as
shown in Figure 1 are proposed in order to make
subsidence study easier. It is likely dut die values of
die strata parameter may not be within die range 0.0
and 1.0 for certain coalfields in die world. According
to die definition of the strata parameter (P), die
higher are die values of use strata parameter, the
stronger are die undermined strata. Conversely, die
lower die values of die strata parameter, die weaker
are die undermined strata.

However, it is necessary dut die differences in die
character of die undermined strata within a given
coalfield can be ignored. Otherwise, further division
of die coalfield would be necessary. It should be
noted dut die correlations between die maximum
subsidence and the extracted seam height are
different for different w/h ratios. For very small w/h
ratios witirout substantial roof caving, die maximum
subsidence (5) is independent of die extracted seam
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height (H) because die subsidence is mainly due to
elastic deformation of die abutment pillars and die
undermined strata for a given depth of mining. Thus,
die use of S/H would cause some errors for die small
w/h ratios if die extracted seam heights (W) are not
equal. However, as die interaction of die mining
factors (tf, A an w) are too complicated, there is no
other way to overcome die problem at least at
present On die other hand, die usually extracted
seam height of around 1.0m to 3.0m in kmgwall
mining around die world may not cause significant
error. It should be remembered dut, strictly
speaking, die derived values of die strata parameter,
to some extent, also includes die influence of die
mining factors.

3. METHOD FOR PREDICTING MAXIMUM
SURFACE SUBSIDENCE

The prediction of a complete transverse subsidence
profile requires die prédictions of its maximum
subsidence and shape. These predictions can be made
separately because die shape of a transverse
subsidence profile is independent of die magnitude of
die maximum subsidence (NCB, 1975). It should be
noted dut, strictly speaking, this is not die case
(Whittaker and Reddish, 1989). Again, there is no
other way around die problem and die influence
would not be significant if H/h ratios are not
significantly different.

3.1 Nomogram based on strata parameter (P)

In die instances of a horizontal or near-horizontal
seam, die ratio of-maximum subsidence ('S) to an
extracted seam height (H) can be determined from
Figure 1 if die value of die strata parameter (P) is
known.

Table 1 Predictions of S/H ratios from die
Queensland, Australia by die nomogram shown in
Figure *

w/h | Measured S/H| Predicted S/H 1 error (%)

0.67 0.17 Used for estimating the sirata
parameter

1.65 0.51 0.52 I 2

The nomogram shown in Figure 1 was tested
against field data from an additional coalfield as
shown in Table 1. From Table 1, die value of P was
first estimated for a given case with S/H and w/h
ratios known. Next, die estimated value of P was



used to determine S'H ratios for other w/h ratios in
the same codfidd. Table 1 suggedts tha the
predictions in the given ingances for these cases are
quitegood.

In Fgure 1, just conddering the many solid curves
avalable, lineer interpolation certainly can be used
for etimating S'H ratios in other codfidds without
ddfining the vaues of the Strata parameter as above.
For example, for agivenw/h retio, if thevaue of SH
ratio is between two adjacant curves, then for dl
other w/h ratios in the same codfidd the vaues of
S/H ratios may be assumed to be between the two
curves. Therefore, Figure 1 could sarve as a ussful
guide for cregting a prediction curve for etimating
the SH ratios for anew codfidd when very few data
deavaladle

3.2 Nomogram based on dmplified Strata parameter
(Ps)

The vdue of the drata parameter (P) in a given
codfidd must be determined from back andyses of
empiricd data linking SH and w/h ratios and even
one typica case (for ay wih rétio) is auffident for
egimating the value of the Srata parameter in a new
codfied. However, before such messurements of the
maximum subsdence become avalable for a new
codfidd, a Smplified Srata parameter (Ps), i.e. the
ratio of the total thickness of dl the strong rock beds
in an overburden to the overdl thickness of the
overburden can be usad as an goproximate esimate
of the value of the Strata parameter. The strong rocks
are uch as sandgtone, limestone, conglomerate and
dolente. In this paper, that ratio is cdled the
amplified strata parameter (Ps) to diginguish from
the drata parameter (P) discussed earlier. If the fidd
messurements on the maximum subsidence are not
avaladle for estimating the dtrata parameter in anew
codfidd, a nomogram for predicting the maximum
ubsdence basad on the dmplified drata parameter
E)Zslu-%hang and Bhattacharyya, 1994a, 19%4c) may

4. PREDICTION OF SHAPES OF COMPLETE
TRANSVERSE SUBSIDENCE PROALES

4.1 Methodology

The drata parameter (P) was defined according to
the maximum subsidence. If the strata parameter can
be used for dudying other subsdence trough
fedtures, say angle of draw, inflection point and the
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shape of a transverse subsdence profile, it can be
treated as a reasonable index for describing the
general deformation character of undermined drata.
According to Zhang and Bhattacharyya (1994c,
1999), the drata parameter can be used for sudying
the angle of draw and the positions of the inflection
points.

An empirical method for predicting the shapes of
transver se subsdence profiles has been proposed by
Zhang and Bhattacharyya (1994c). That method
modifies the profile shape predicted by the NCB
(1975) method according to the respective angles of
draw for the other coalfields. As the limit angle, Le
angle of draw is used as the only mode parameter,
that method is named as the limit Angle Method
(LAM). Although that method is quite suitable, it can
not be rdiably used if values of the limit angle are
less than around 20° or the extraction is super-
critical. Thus, another method is proposed next for
predicting the shapes of transverse subsidence
profiles, which can be used for variousw/h ratios.

In general, digance x of a point on a transverse
subsdence profile from the centre of a pand in terms
of depth (x/h) for different coalfiedlds can be
expressed as:

-l 2 py 2
S @)
where s = subsidence at the point at disance x from
the centre of the pand; S = maximum subsidence; w
= pand width; h = extraction depth; P = drata
parameter.

Smilar to Equation 1, the function defined in
Equation 2 can not be expressed explicitly. But, it
would be reatively easy to describe it using the
nomograms based on different values of the drata
parameter P.

If nomograms in many different coalfields with
different values of the drata characters (P) are
available, the ratio x/h in a new coalfied could be
determined from Equation 2 by using the Linear
Interpolation Method (LIM):

P-P,
+r (3)

i=1,2,..m

where n = number of nomograms established; r =
digance of a point from centre of pand in terms of
depth (x/h) in the new coalfield; r, = digance of a
point from centre of pane in terms of depth (xjh) in



the t-th coalfiedd for which a nomogram has been
established, for example in the UK coalfidds; ri.; =
digtance of a point from centre of pand in terms of
depth {xj4lh) in the (j"+)-th coalfield for which a

nomogram has been edablished; P = the drata
parameter in the new coalfidd; P, = the drata
parameter in the i-th coalfidd; Py = the drata

parameter in the (i+1)-th coalfidd.

According to Equation 3, two nomograms are used
each time for predicting the shapes of subsdence
profilesin the new coalfield. The value of the grata
parameter P should be close to those of P, and Py4;
and P( £P £P;., to improve accuracy. Therefore,
the more nomograms are available, the closer are P\
and Pj+i and the better is the prediction accuracy.
Such calculations by hand are quite time-consuming,
then a computer program called E-METHOD has
been developed by Zhang (1994).

Figure 2 Nomogram for predicting the shapes of
transverse subsidence profiles for various w/h ratios
in the Northern coalfield of NSW

The nomogram from NCB (1975) was based on a
large amount of data. Therefore, that nomogram
should be the firg to be used for predictions by
Equation 3. Two nomograms for predicting the
shapes of subsidence prdfiles for various w/h ratios in
the Northern coalfidd of NSW and Southern
coalfidd of NSW were developed by Zhang (1994)
as shown in Figure 2 and 3, respectively. According
to these nomograms and the corresponding
nomogram from NCB (1975), the shapes of
transverse subsidence profiles are sharper for the
gronger drata when wi/h ratios are higher, while the
shapes are flatter for the weaker grata when w/h
ratiosarelower.

243

o&ﬁﬁ&ﬁﬁﬁﬁ@;ﬁﬁﬁu

Distance from cartreof parsd In ters of depth {dhy
Figure 3 Nomogram for predicting shapes of
transver se subsidence profiles for different w/h ratios
in the Southern coalfield of NSW

4.2 Influence of undermined grata on the shapes of
transver 2 subsidence profiles

The influences of the undermined drata on the
shapes of transverse subsidence prdfiles for different
w/h ratios are discussed next. According to the grata
parameter as discussed egarlier, the overburdensin the
Northern coalfield of NSW are sronger than those in
the UK coalfields.

i) When w/h ratios are smaller than, say less than
0.75, unlike the weaker grata in the UK coalfidds,
the grong drata over the caving zone in the
Northern coalfield of NSW 4ill have higher bridging
effects, causing relatively smaller expanse of caving
zones. The upper non-caving strata gtill dominate in
controlling the surface subsidence compared to the
caved strata. Thus, the overal undermined strata
could behave rather elastically, causing the shapes of
subsidence profiles in the Northern codfield of NSW
to be flatter than those in the UK coalfields. Such
elagtically behaving undermined strata could aso
cause larger angle of draw magnitude at zero
subsidence cut-off.

ii) When w/h ratios increase, say above 0.75, the
greater bridging effect in the undermined strata in the
Northern coalfield of NSW aso vanish like those in
the UK codfidds. The caving zone would then
extend further in both the vertical and lateral
directions. Asthe stratawithin the overburdensin the
Northern coalfield of NSW are thickness, they would
bresk and cave in larger blocks around the centre of
the pand. The bulking factor is amaller due to the



uniform digributions of the caved blocks, which may
cause higher caving and fracturing height (Holla,
1989). Thus, the overall undermined drata can no
longer betreated dagtically. However, the non-caved
parts of the grong and thick rock beds immediatdy
above the caving or fracturing zone near therib may
gill act ascantilevers. Therefore, srong ‘edge effects
would be created, causing less subsidence to occur at
the surface over theribs. This may cause the sharper
shapes of subsdence profiles and smaller angle of
draw for higher wih ratiosin the Northern coalfields.
In addition, the strong rocks eg. sandstones or
limestones in the Northern coalfidd of NSW are
much more senditive to the effects of tendle drain
(Whittaker and Reddish, 1989). When thewih ratios
are high, the presence of the fissures at the surface in
grong rocks like sandstone or limestone resultsin a
reatively small influence on the surface from a pand
extraction. This type of rock characterigic reduces
the influence of mining on the surface outwards from
the fisures so that less subsdence is produced
towar ds the extremities of the profile. Therefore, this
may be ancther reason that the sharper shapes of
subsdence profiles and smaller angle of draw for
higher wlh ratios would happen in the Northern
coalfield of NSW.

4.3 Case studies

Three nomograms are available for predicting the
shapes of complete transverse subsidence profiles,
namdy for the UK coalfidds, the Northern coalfield
of NSW, and the Southern coalfidd of NSW.
According to Zhang and Bhattacharyya (1995), the
values of the drata parameter in the UK coalfieds,
the Northern coalfidd of NSW and the Southern
coalfiedld of NSW were 0.0,0.7 and 0.3, respectively.
The predictions here are based on the corresponding
three nomograms one from NCB (1975) and the
other two in Figures 2 and 3. The use of any two of
the three nomograms depends on the value of the
drata parameter in the prediction area. The
predictions were carried out by Program E-
METHOD developed by Zhang (1994).

It is checked here how well these nomograms can
be used to predict the shapes of transverse
subsidence profiles for some case sudies in the
U.S.A. by using Equation 3. Several cases were used
for testing this method (LIM) by the authors. Then-
relevant mining factors are shown in Table 2. As the
values of the actual drata parameter for these cases
were not available, the smplified drata parameter,
i.e. the ratios of the total thickness of all the srong

rock bedsin the overburdens had to be used ingtead.
The measured and predicted subsidence profiles are
compared in Figures4 to 9. The predictions by LAM
arealso shown in thesefiguresfor comparison. It can
be seen that the predictions by LAM and LIM are
quite close. In order to compare the shapes of die
measured and predicted subsidence prdfiles, the
maximum subsidences are taken to be equal to the
measured ones. From these figures, it seems mat the
predictions of the shapes of transverse subsdence
profiles are fairly good, athough not perfect The
difference could have been caused by thefollowing:

Table 2 Mining factors and the simplified strata

_parameter (Ps) for longwail subsidence case smdics
Case studics H A w Ps
Begley and Khuir (m) (m) (m)
(1909)
| Cus L1 172 143 037
[Case 2 185 | 220 | 35 | 00 |
| Caze 1.87 195 154 0.%
Cucé N | 20 4 | o
Case 5 59 12 32 | oM
Cuse 6 Sl s | 1

i) The smplified drata parameter (Ps) was used for
the predictions in all these cases. As discussed, the
dmplified grata parameter (Ps), namey theratio of
the thickness of all the strong rock beds in an
overburden to the overall thickness of the
overburden does not consder many other important
factors, eg. the differences in deformation
behaviours between the strong rocks, even with the
same name, the influence of weak rocks, number of
drong rock beds digributions and postions of
particular rock beds in the overburden reative to the
seam; gSructural discontinuities such as fault» and
dykes. AU those factors could influence the accuracy
of the predictions.

ii) In all the cases, the predictions were based on
the assumptions of uniform seam thickness and
horizontal sesams and ground surfaces, which may not
betrue. Also, multipleextractions may not have been
acknowledged.

iii) Themeasured subsidence profilesmay also have
been influenced by unknown or un-reported
abnormal geological factors, time-subsdence effects
and inaccuracy of measurement, especially in the case
of small subsidence magnitudes.

iv) In all the cases, the so-called measured
subsidence profiles wer e obtained by the authors by
using adigitiser on the subsdence profilesgivenin
therdevant references. Thus, someerrorswere
unavoidable, especially when the diagramswerevery
smallinsize,
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5. CONCLUSIONS

Based on the strata parameter (P), a generdised
empirica method has been developed, which can be
used for predicting the maximum surface subsidence
and the shapes of a transverse subsidence profile due
to a dngle completely mined longwall panel in
different codfields.

Based on this generalised empirical method, it
seems that the shape of the complete subsidence
profile would be greatly influenced by the character
of the undermined strata in addition to the w/h ratio.
The shapes of complete transverse subsidence
profiles appear to be smilar for different codfields
when the w/h ratios are approximately around 0.7S.
However, for other w/h ratios, the influences of the
characters of the undermined strata are different for
low and high w/h ratios. For low wik ratios, the
stronger an overburden is, the flatter is the shape of
the subsidence profile. For high w/h ratios, the
stronger an overburden is, the sharper is the shape of
the subsidence profile.

It is likely that the strata parameter could be used
for studying the horizontal displacements and strains
in different codfields. This generalised empirica
method can also be used for calibrating the other
methods in the future.

REFERENCES

Begley, R.D. and Khair, A. W. 1989. Development
of a mechanisic model for prediction of
maximum subsidence and subsidence profile due
to longwall mining, Rock Mechanics as a Guide
for Efficient Utilisation of Natural Resources, in
Proceedings of 30th U.S. rock mechanics
Symposium  (Ed:  A.W. Khar), WVU,
Morgantown, June 19-22, pp 495-502.

Bhattacharyya, A.K. and Zhang, M. 1993. Study of
the parameters of the displacement discontinuity
method for predicting surface and sub-surface
subsidences, in Applications of Computersin the
Mineral Industry, Universty of Wollongong,
NSW, pp 168-176.

Holla, L. 1985. Mining subsidence in New South
Wales, 1. Surface subsidence prediction in the
Southern Codlfidd, N.S.W. Department of
Minera Resources, Sydney.

Holla, L. 1986. Evaluation of surface subsidence
characteristics in the Newcastle Coafield of New
South Wales, The Coal Journal (Australia), 12 p.

246

Holla, L. 1989. Investigation into sub-surface
subsidence, End of grant report number 689,189
P-

Holla, L. 1991. Evaluation of surface subsidence
characterigtics in the Western coafield of New
South Wales, The Coal Journal (Australia), No.
31, pp 19-31.

National Coa Board, 1975. Subsidence Engineers
Handbook, 111 p (Nationa Coa Board:
London).

Pariseau, W.G. 1993. Application of finite element
anadysisto mining engineering, in Comprehensive
Rock Engineering, Vol. 1, pp 491-522.

Shadbolt, C.H. 1978. Mining subsidence - historical
review and state of the art, in Proceedings of
Conference on Large Ground Movements and
Structures (Ed: J.D. Geddes), University of
Wales Institute of Science and Technology, Jul,
pp 705 - 748.

Whittaker, B.N. and Reddish, D. J. 1989. Subsidence
occurrence, prediction, and control,
developments in geotechnical engineering, 56,
Elsevier, 525 pp.

Zhang, M. 1994. Studies in computer based
prediction of subsidence elements due to cod
mining, PhD thesis (unpublished), University of
New South Wales, Sydney.

Zhang, M. and Bhattacharyya, A. K. 1994a A
generdised empirical method for predicting
maximum surface subsidence due to underground
coal mining, in Proceedings of the 1994 Ausl MM
Student Conference, Brisbane, pp 69-73.

Zhang, M. and Bhattacharyya, A. K. 1994b.
Cdlibration of an influence function method for
predicting surface subsidence, in Proceedings of
the MMIJIAusIMM Joint Symposium - New
Horizons in Resource Handling and Geo-
engineering, (Ed: Y Mizuta), pp 331-339.

Zhang, M. and Bhattacharyya, A. K. 1994c.
Generalised empirical method for predicting
surface subsidence, in Proceedings of Third
International Symposium on MinePlanning and
Equipment Selection, (Ed: Pasamehmetoglu et
al.), pp 741-748.

Zhang, M. and Bhattacharyya, A. K. 1995.
Characterisation of undermined strata in
predicting coal mining subsidence, The AusiIMM
Annual Conference, Newcastle, Mar., 6 pp (in
press).



