INFLUENCE OF THE SEAM THICKNESS AND MINING DEPTH ON THE
SURFACE DEFORMATION MODE AS A CONSEQUENCE
OF UNDERGROUND MINING

Dacian-Paul MARIAN*

Abstract The problem of surface deformation as a result of underground mining has occupied and
still occupies an important place in the mining field scientific research. Solving this problem makes
it possible to predict the effects of the underground mining on the surface and offers the possibility
of taking appropriate measures to protect the civil and industrial objectives located in the area of
influence of the extraction. This paper studies the way surface behaves as a result of the
underground mining of a horizontal coal seam, under different conditions of mining depth and
thickness of the seam. For this study, the analytical methods of prognosis were applied, namely the
influence function method.
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1. Overview

The need to study the subsidence phenomenon
has occurred with the development of mining and,
in particular, with the transition from a
predominantly surface extraction (open-pit) to
underground mining [2], [3]. The subsidence
phenomenon is still being studied and will be
studied in the future as it is a topical issue
grounded upon the need to protect surfaces and
constructions from surface or underground mining
works, communication paths, utility networks, etc.
(6], [7]. [18], [19], [20].

The magnitude of surface displacements and
deformations is directly influenced by the mining
depth and the seam thickness [9], [14], [15]. The
more extracted seam is at a lower depth, the higher
the maximum displacements on the surface, and
the constructions located in the area of influence of
the underground mining will suffer more
significant degradation. Also, the higher the seam
thickness the higher the maximum displacements
[61, [9].

In order to study how the surface behaves in
different conditions of depth and thickness of the
extracted seam the influence function method was
used [8].

2. Influence function method

The influence function methods (Figureal) are
based on the prognosis of the subsidence trough
with the help of the influence area theory around
the point of extraction [10], [11]. These methods
can be applied to the extracted areas of different
forms, but they are more difficult to calibrate and
verify than the profile function methods [4], [5],
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Fig. 1. The influence of extracting the base element Q

These are methods used to determine the
influence exerted at the surface by the partial
elements of the extracted area.

Different forms of influence functions were
obtained by several researchers of subsidence
events including - Bals 1932 Bayer, 1945; Sann
1949 Knothe 1957 Kochamanski 1957 Ehrhardt
and Sauer 1961; Brauner 1973; Zich 1993, etc. [6],
(81, [11], [17].

In our case, for the surface deformation
prognosis due to underground mining, the
influence function method developed by Knothe
(also known as Knothe-Budryk method) was
applied.

This method is based on the Gaussian
distribution of probabilities. According to this
method, the math function is [11]:
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3. Analysis of mining depth influence on the
surface

In order to analyze the behavior of the surface
at the variation of the mining depth, there has been
considered the extraction of a single panel, located
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on a horizontal coal seam, with a thickness of 10m,
under different depth conditions, namely: H = 100
m, 200 m, .., 900m. The longwall face was
supposed to have a length of 100 m and the third
dimension of the excavation (panel length) has
been chosen so as not to affect the way that surface
moves in the area of interest.

Following the calculations, the subsidence and
horizontal displacement were predicted for all 9
cases studied.

Figure 2 shows the subsidence curves
predicted by the influence function method and
Figure 3 shows the curves of the predicted
horizontal displacements.
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Fig. 2. The influence of the mining depth on the vertical displacement of the surface
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Fig. 3. The influence of the mining depth on the horizontal displacement of the surface
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By analyzing the charts of subsidence and
horizontal displacements, we can see that, in the
case of small mining depths, there are smaller
areas affected on the surface, but the damages
produced are more significant (as the movements
are more significant). Otherwise, at great mining
depths there are larger areas on the surface affected,

but the displacements are lower.
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Fig. 4. The variation of maximum subsidence
depending on mining depth
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Fig. 5. The variation of maximum horizontal
displacement depending on mining depth

Figures 4 and 5 illustrate graphically the
influence of the mining depth on the developed
mode of maximum subsidence and maximum
horizontal displacement.

As one can observe, both maximum
subsidence and maximum horizontal displacement
increase significantly (almost logarithmically) as
the mining depth decreases. It is also noteworthy
that under the analyzed conditions, at a small
mining depth (below 200 m) in the center of the
subsidence trough, a significant portion of the
surface is in the almost =zero horizontal
displacement area (see Figure 3).

4. Analysis of the influence of seam thickness on
surface

In order to study the influence of the coal
seam thickness on the surface, the same mining
conditions were analyzed as in the previous case,
but the mining depth was considered constant (and
equal to H = 300m) and different thicknesses of the
extracted seam were analyzed, m = 2m, 4m, ..,
20m.

As in the previous case, subsidence and
horizontal ~ displacement  were  predicted,
graphically represented in figures 6 and 7.

Regarding the influence of the extracted
seam thickness on the surface movements, let’s
observe that both the maximum subsidence and the
maximum  horizontal  displacement increase
linearly with the increase of the extracted seam
thickness. This is graphically represented in
Figures 8 and 9.
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Fig. 6. The influence of the seam thickness on the vertical displacement of the surface
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The dimensions of the subsidence trough are

also influenced by the extracted seam thickness but
to a much lesser degree than the mining depth.
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5. Conclusions

The influence function method is a
particularly useful method for predicting the main
parameters that define the subsidence trough.

In this paper we analyzed how the mining
depth and the extracted seam thickness influence
the movement of the surface.

Thus, it was analyzed the influence on the
surface of the underground mining of a horizontal
seam, with a thickness of 10 m (for the first
analyzed case, the analysis of the influence of the
mining depth) at different mining depths. For the
second case, a similar situation was analyzed, but
the mining depth was kept constant and various
thicknesses of the extracted seam were analyzed.

As a result of this analysis it was found that
both factors (i.e. both the mining and the seam
thickness) have a strong influence on the size of
the surface movements.

Both maximum subsidence and maximum
horizontal displacement increase significantly in
the case of low mining depths. It can also be
observed that these parameters increase linearly
with the increased thickness of the seam.

Regarding the dimensions of the subsidence
trough, from the graphs shown, it can be noticed
that in the case of large mining depths, the
dimensions of the subsidence trough appeared on
the surface increase significantly. On the
dimensions of the subsidence trough, it can be seen
that the seam thickness has a lesser influence, the
subsidence trough rising relatively little with the
increase of the seam thickness.
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