Journal of Engineering Sciences, Assiut University, Vol. 36, No. 3, pp.749-758, May 2008

SURFACE SUBSIDENCE PREDICTION OVER WORKING
LONGWALL PANEL AT ABU-TARTUR PHOSPHATE MINES

A.A.Elashiry @ W.A. Gomma ® and S.S. Imbaby ©
(a) Demonstrator in Mining & metallurgical Engineering Department,
Faculty of Engineering, Assiut University, Assiut, Egypt.

(b)&(c) Professors in Mining& metallurgical Engineering Department,
Faculty of Engineering, Assiut University, Assiut, Egypt

(Received January10, 2008 Accepted February 27, 2008)

The phenomenon of subsidence is the movement at the ground surface
caused by underground excavations, which can cause severe damage to
buildings or structures on the surface and infrastructure. These
excavations exert redistribution of the original stresses around the
openings. Different methods have been adopted to predict and quantify
the subsidence with the subsidence parameters. These methods can be
classified into three categories 1) Empirical methods based on the
analysis of the field measurement, 2) Mathematical theories, 3) Numerical
models including Finite Elements, Boundary Elements and Distinct
Elements methods. In this paper, the surface subsidence data were
collected over working longwall panel at Abu-Tartur phosphate mines
after the face had been advanced 280m. Different mathematical theories
namely Bals', Peng's, Knothe’s and Peck’s theories are applied to predict
the subsidence trough over the excavated panel. The obtained results are
compared with the measured ones. It was found that Peck’s theory
coincides well with the measured data. The degree of ground surface tilt,
surface curvature and strain are derived from Peck’s theory.
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1. INTRODUCTION

The ground subsidence process induced by underground longwall mining is a
complicated process, as it deals with the process of subsidence-induced damage to the
surface and sub-surface structures as building, pipelines, railways, neighboring
underground workings, etc.[1]. The factors which affect the severity of mining induced
structure damages due to subsidence over mines may be grouped into three categories,
a) mining factors related to mining methods and dimensions of the excavation, e.g.
panel dimensions and its depth below the surface, method of support, extracted height
and rate of face advance, b) site factors which refer to the geotechnical conditions
influencing mining subsidence, such as type of strata, soil and rock properties,
structural features, hydrology and previous workings, c) structure factors should also
be considered when dealing with possible damage to structures. Some of these factors
are size and shape of structure, type of foundation and construction method, etc. [2].
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The prediction of subsidence trough and determination of subsidence
parameters such as tilt, curvature, strain ...etc. are very important for protecting
surface structures against damages. Subsidence monitoring and prediction has a history
of more than 100 years. Most of the early prediction theories were developed by mine
surveyors. On the contrary, over the past twenty years, many mines have started
recognizing that new monitoring techniques to develop empirical methods and
sophisticated numerical modelling of ground surface subsidence. It was found that
these techniques were useful not only for legal liability and environmental control
purposes but they may give also better understanding of the mechanism of rock strata
deformation which leads to the development of safer and more economical methods
[3].

Different methods for studying surface subsidence, reviewed by Brauner [4],
are generally divided into three categories 1) Empirical methods, 2) Mathematical
theory, and 3) Numerical models. Empirical methods involve the following: a)
analysis of data gathered from study of existing subsidence to enable predicting future
subsidence effects. This method is a good choice to predict subsidence in the regions
where initial data were taken, but their geographic extension is usually restricted [5].
The most of popular empirical methods for predicting mining subsidence is the one
developed by the National Coal Board [NCB] in England. NCB method has assumed
that the subsidence profile is related to the width to depth ratio of the mined panel and
to the seam thickness [6]. b) Physical models entail the construction of a scale model of
the strata involved by a material, such as plaster. This expensive technique helped to
understand strata mechanics and subsidence mechanisms but it was not a good tool to
predict displacement [5].

The mathematical approach to calculate movement in strata affected by
underlying working can be kept at a justifiable level only if certain simplified
assumptions are made. Thus in many procedures the rock mass is regarded as
continuum, the separate constituents of which, are held together by cohesive forces [7].
Another definition is derived from mechanical relations between the loads (surface and
body forces, initial stresses) and internal stresses. The mathematical models are able to
deal with a wide range of mining conditions than empirical models. Gomma et al. [6]
analyzed the elastic ground movement for three conditions of underground
excavations, a) nonclosure, (floor and roof never meet), b) partial closure and c)
complete closure. The calculated displacements were smaller than those encountered in
practice. Mathematical models have not achieved much success to date, mainly due to
the difficulty of representing complex geologic properties of the strata in simple
mathematical terms. [8].

Numerical models have been made possible by advances in computer
technology based on numerical approximations of the governing equations, i.e. the
differential equations of equilibrium, the strain-displacement relationships, the stress-
strain equations and the strength-stress relationships. They can simulate non-
homogeneous, non-linear material behavior and complicated mine geometries,
including Finite Elements, Boundary Elements, and Distinct Elements methods are
developed [9].
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2. SUBSIDENCE MONITORING AT ABU-TARTUR AREA

The phosphate deposit at Abu-Tartur area, located at 150m below the ground surface is
exploited by longwall mining method. Three panels, 1200m long and 150m wide, have
been developed and only one panel is being mined now by retreat mining method. The
layout of the working panel is shown in [Fig. 1].
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Fig.(1) Layout of working panel at Abu-Tartur phosphate mine and the grid of measurements.

Surface subsidence over working longwall panel has been monitored after the
face has advanced 280m. The mining height is about 3m and rate of face advance is
0.63 m/day.

The vertical component of subsidence is measured along transversal profile 7.
The measured values are plotted as shown in [Fig. 2].
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Fig.(2) The measured subsidence at transversal profile 7 over working panel.

3. MATHEMATICAL PREDICTION METHODS

Many mathematical theories are applied to predict the subsidence trough. These
theories may be summarized as follows:

3.1 Bals' theory

Bals' theory [9], is based on Newtonian gravitational law, where the influence on the
surface is inversely proportional to the squared distance between the extracted
particular element from the seam and the surface. It has the following form:

S X+a X—a
S, =—Mm| tant ——— —tan" —— (1)
V4 H H
where: Sy =subsidence at any point x from the panel centre.
Smax = Maximum subsidence.
H = depth below the surface

2a = width of panel.
The maximum subsidence occurs at the panel centre and is equal to:

Smax=1 h 2)
where: m = Subsidence factor (0.8 — 1 in case of extraction with caving)
h = extraction seam height.

3.2 Peng’s theory

The prediction model for Peng’s theory used in this formulation is based on the
hyperbolic tangent formulation [10]. It has the following form:
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Sy = Simax tanh (X+a)—tanh§ (3)
V4 B B
where: B =Hcoty.
vy =90-8.
B =angle of draw which depends on the overburden properties.

The area of influence may be determined by the angle of draw. It is an angle
between the vertical line at the panel edge and the line connecting the edge of
subsidence trough (point of zero subsidence) and the panel edge as shown in [Fig. 3].

where: tanp =R /H.
R = radius of major influence.

_ . Subsidence trough Original surface

suk

trougmn. _‘5”2‘9’/“ R
\H“‘—-—C\_ﬁl___

. | __[_F—H r.r angle Angle of draw
\ i I of
\ 1 R{,/{// clrany
A\ 1 1 Ef
\ : £ = : ’
LY
A_ __________ !._
- g _:h'\\ o Lg
<3 . Panel
Panel

Fig.(3) Typical mined panel and subsidence

3.3 Knothe’s theory

Influence Function of Knothe’s theory is based on a Gaussian distribution function [9],
and has the following form:

Ie_ﬂ (x= 5) dz 4

where, x and & are the horizontal co-ordinates in the surface and at the seam

respectively. The Integration of equation (4) when the extraction extends from —a to +a
gives the following form:

Sy :g[erf@(x+a)—erf @(x—a)] (5)

3.4 Peck's theory

A transverse surface settlement trough obtained immediately after the mine excavation
can be described by the Gaussian distribution as suggested by Peck [11]. It has the
following form:

SX = Smax eXp(—X2 /2|2) (6)
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where i: is the distance of inflection point of the subsidence trough. Coincidentally the
subsidence at the inflection point is one-half of the maximum possible subsidence [12].

4. RESULTS AND DISCUSSION:

The geometrical characteristics at Abu-Tartur working panel are:

W = 2a = width of panel = 150m

h = mining height = 3m

H =average depth of phosphate deposit below the surface = 150m.

The maximum subsidence from measurement at profile (7) as shown in [Fig.
2] is 2.67m, then the subsidence factor will be:

n =Smax/h =2.67/3=0.89

The radius of major influences (R) from [Fig.2] is 75 m, and tan =75/ 150 =
0.5, p=27°.

The distance of inflection point of the subsidence trough (i) occurs at distance
60 m from panel centre because the value of subsidence at this point equal
approximately to one-half of the maximum subsidence as shown in [Fig.2].

The mined area is a critical case when the width of the extracted area ranges
between 0.9 and 2.0 times the depth of cover rocks or when W/H=2tan 3 [13], then the
studying mined area is critical.

Equations (1), (3), (5) and (6) are applied to predict the subsidence trough
along transversal profile 7 as shown in [Fig.2]. It has been found that the predicted
surface subsidence values using Peck's theory have small differences compared with
the measured data as shown in [Fig. 4]. The values of the obtained correlation
coefficients (r) calculated by various theories are shown in table (1).

. Ny xy=>x>y
I 0) =007 (") - X (v’

Table (1) correlation coefficients values obtained from various theories.

()

Theory Coefficient of correlation, r
Bals 0.83
Peng 0.94

Knothe 0.974
Peck 0.992

The coefficient of correlation is a measure of the degree of association between
two variables x and y. The correlation coefficient is usually denoted by (r) and
measures both the degree and indicates the direction of a relationship, which varies
from -1 to O to +1[14].

From table (1) r value obtained by the theory of Peck are higher than other
theories.
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Fig. (4) Measured versus predicted subsidence values along transversal profile 7.

4.1 Determination of tilt, curvature and strain:

Tilt or slope of a subsidence trough is determined by dividing the difference in
subsidence values between two points by the distance between them or the first
derivative of Sx [7]. Applying Peck's theory (equation 6), the tilt is given by:

dS . _y279;2
o T =—S,., (x/i?)e™ /4" (8)
The maximum value of the tilt occurs at the inflection point in each profile. It
decreases towards both the centre and the edges of subsidence profile [15].
The difference in surface slope between two adjacent sections divided by the
average length between the two sections is called the surface curvature [7]. From
equation (8) the curvature is given by the following relation:

dT . 22 ) 22
K=— K=-8 1/i2)e¥ /2" _(x2 [i*)ex"/2") 9
dx max(( I )e (X I )e ) ( )

T =

The behavior of curvature profile has a complicated nature, for small openings,
convex curvatures occur on both sides beyond the edges of the opening while the
concave curvature occurs at the centre of the opening. The magnitude of concave
curvature is always larger than that of the convex ones [15].

Since horizontal strains are the primary cause of structure damages, this
approach was also stressed on the formulation of a strain predicted model. Due to the
lack of strain data, the strain was calculated by making use of the investigation carried
out by Gomma et al. [6] and can be calculated from the following relation:

€=ymax/p (10)
where: ymax = the half thickness of the upper layer of overburden which is a limestone
rock of average thickness equals to 75 m [16].

p  =the radius of curvature of the subsidence profile = 1/K
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The distribution of tilt, curvature and strain calculated are shown in [Fig. 5].
The point of maximum tilt of the ground lies above a point 60m from the centre of
panel (inflection point) and equals to -26.99mm/m. The line of curvature has three
peaks , the maximum one lies at the panel centre and equals to -7.4x10-4 1/m. Strain
component has two types, compressive (-€) and tensile (+ €). Compressive strain is
noticed within the excavation limits with a minimum value of —29.7mm/m at the panel
centre and from transition point at distance 60m from panel centre to the trough
margin. The tensile strain is noticed and has a maximum value of +13.15 mm/m above
a point at a distance of 100m from the panel centre. The predicted values of tilt,

curvature and strain are higher than that of the dangerous category [17], as shown in
table (2).
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Fia. (5) Distribution of tilt, curvature, and strain alona the around surface (Abu-Tartur area).

Damage Horizontal strain Tilt Radius of Curvature
4 curvature 4
categories (mm/m) ( mm/m) (km) (10"1/m)
Very slight £<0.5 <25 >50 >0.2
Slight 0.5<eg<1 <5 >20 >0.5
Appreciable 1 <g<2 <10 >11 >0.91
Severe 2 <g<3 <15 >8 >1.25
Very severe €>3 >15 <6 <1.7
CONCLUSION

The movement over the working panel at Abu-Tartur area was predicted by applying
different mathematical models. It was found that Peck’s theory coincides well with the
measured data with a reasonable accuracy (correlation coefficient equals to 0.992).
From this theory, tilt and curvature are mathematically derived from the vertical
movement, and strain values are calculated from curvature. The distributions of tilt,
curvature and strain over the studied area are presented. By comparing the predicted
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values of tilt, curvature and strain with the values of dangerous categories, it was found
that these values are dangerous. To minimize the dangerous effects, it is recommended
to apply the method of ore extraction with filling or stowing in the rest of the working
panel and in other unworked out panels to reduce the probable strain values in Abu-
Tartur area.
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