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ABSTRACT

Pillars are designed to ensure regional stability or local support in stopes and along drifts, or to yield
under a measure of control. In all cases, the strength of the material and the variations in strength
must be known both for the pillar and for the roof and floor. The stability in longwall faces depends
mainly on the interaction between the roof strata, face support, roadway support and dimensions of
pillars. The main aim of this paper is to apply rock mass classification systems to longwall pillar
design at Abu-Tartur mining area. The pillar load is estimated taking into account the physical and
mechanical properties of phosphate deposit and roof rock, panel width, mining height, depth below
surface.

Two methods from classification systems are used in calculation pillars stress and strength to pillars
design namely Geological Strength Index (GSI) and Rock Mass Rating (RMR) systems. GSI
values for immediate, main roof rocks and phosphate ores are determined from geological
conditions, as lithology, structure of the interlocking of rock blocks and the conditions of the
surfaces between these blocks. RMR value can be determined by correlation it with GSI system.
The pillar widths calculated by applying rock mass classifications (GSI& RMR) are 49m and
64m at a factor of safety 2 and panel width 100m with extraction ratios of 70 and 64 %
respectively.

The data used in calculations are collected from geological reports of the company and from
laboratory tests of phosphate ores and shale rocks in the roof.

Keywords: Rock Mass Classification (RMC) - Geological Strength Index (GSI) - Rock Mass
Rating (RMR) -Abu-Tartur longwall phosphate mine - Pillar width.

1. Introduction

Rock mass classification systems have emerged as a powerful tool which can be used for
assessing ground conditions and determining support requirements in underground mines
[1]. Studies of pillar performance and strength in phosphate mines highlighted the need for
pillar design guidelines that specifically address pillar stability in Abu-Tartur phosphate
mines. At present, pillar dimensions are either based on rock mechanics science or on
strength equations that were developed for metal or non-metal mines. This paper presents
a pillar design based on rock mass classification systems that will assist in the design of
safe pillar action in Abu-Tartur longwall phosphate mines.

There are many empirical methods to determine pillar designs each of these methods
"classic” pillar design formulas consisted of three steps [2]:

a) Estimating the pillar load using tributary area theory

b) Estimating the pillar strength using a pillar strength formula
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¢) Calculating the pillar safety factor

Two methods from classification systems are used in calculation of pillars stress and

strength to design pillars namely GSI and RMR systems. GSI values for immediate,

main roof rocks and phosphate ores are determined from geological conditions, as

lithology, structure of the interlocking of rock blocks and the conditions of the surfaces

between these blocks [3,4]. RMR value can be determined by correlation it with GSI

system [5].

The methodology used in this paper for the development of pillar design guidelines is

based on the application of the rock mass classification systems to assess the optimum

pillar dimensions in Abu-Tartur longwall mines. The significant variables which are

taken into consideration can be grouped as flows:

a) Uniaxial compressive strength of phosphate ore (pillar)

b) Uniaxial compressive strength of papery clays (roof)

c) Face length (panel width)

d) Mining height (pillar height)

e) Depth below the surface

f) Specific weight of overburden rocks

The data used in calculations are collected from geological reports of the company

and from laboratory tests of phosphate ores and shale rocks in the roof.

2. Empirical Approach to Pillar Design

When pillar strength is estimated, both size and shape effects must be considered. The size
effect related to the presence of discontinuities within ore mass. Therefore rock mass
strength is less than strength of intact laboratory sized samples. The shape effect describes
the increase in the strength of the pillar when the width (W) to height (h) ratio increases.
This is due to the increase in confining pressure within the pillar [6].

3. Pillar Strength

Pillar strength can be defined as the maximum resistance of a pillar to axial compression
[7]. In flat lying deposits, pillar compression is caused by the weight of the overlying rock
mass. Empirical evidence suggests that pillar strength is related to both its volume and its
shape. Numerous equations have been developed that can be used to estimate the strength
of pillars in coal and hard rock mines, and have been reviewed and summarized in the
literature [5,8,9,10,11]. These equations are generally empirically developed and are only
applicable for conditions similar to those under which they were developed. More recently,
numerical model analyses combined with laboratory testing and field monitoring have
contributed to the understanding of failure mechanisms and pillar strength [8].

Wy

h?

o, =k

A pillar strength o, equation that captures both the pillar shape and volume effect is a
power equation of the following form, where k is a parameter related to the rock strength,
W, and h are the pillar width and height and o and B are parameters related to the
geomechanical conditions of the rock mass and different empirical equations are given in
Table (1) [8.12].
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Table 1.
Summary of empirical strength formulae for hard rock pillars where the pillar
width and height is in meters.

Pillar strength formulae (MPa) | 6. (MP) | Rock mass Reference
0.5 3
133 Ve 230 Quartzites [13]
h0.75
65 we 94 Metasediments [14]
h0,66
35.4(0.778 +0.222 %) 100 Limestone [15]
0.426. W, - Canadian Shield | [16]
74(0.778 + 0.222 v}\l/,, ) 240 Limestone/Skarn | [17]
0.440,.(0.68 +0.52k) - Hard rocks [18]

4. Pillar Stress

The average pillar stress (c,), in regular layouts of square one chain pillars, can be
estimated by the tributary area method as follows and as shown in Fig(1) [8,19].
y[(WL +W, +2B)H — (WL+B)}(WP +B)

4 tan &
o, =

w?
Where v is the specific weight of the overlying rocks, H is the depth of cover, W, is the
pillar width, W is the panel width, 0 is the abutment angle and B is the heading.
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Fig. 1.Conceptual model of the side abutment load.[19]
5. Pillar Strength Based On a New Failure Criterion

Sheorey and et al, 1985 suggested a formula to estimate pillar strength o based on a new
failure criterion represented by the following equation [20].
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O-s — O66kh—035 + S[jH(l . e(—O.lSWp /(25+0.1H)) )]0.8 MPa

Where:
k = 6.,= in-situ rock mass strength of the phosphate ore, MPa
h = mining height, m

Another equation is used Sheorey’s failure criterion was chosen to determine 6., as a
function of the RMR (Sheorey, 1997) [21,22,23]. This criterion is expressed by the
following relationship.

RMR-100
- 25

0, =0,¢€

Where:

o,; = compressive strength of intact rock, Mpa.

RMR = Rock Mass Rating
6. Geological and Mining Situation of Abu-Tartur Mines

Longwall panels under investigation are located at Abu-Tartur plateau in the south-west of
Egypt, in the Western desert. The plateau has a semi-oval shape and is exposed to the north
-west direction. Its area comprises about 1200 Km®. The phosphate layer is of 3.5m
average thickness and is located at a depth ranges from 50 m in the east to 260 m in west
and average about of 200 m. The phosphate layer is nearly horizontal with an angle of
inclination (0° to 3°) averaging about 1.5°. The immediate roof is composed of 17.5 m of
papery clayey shales overlain by a layer of argillaceous sand of 6.6 to 16 m thickness. The
stratigraphic column and rock properties are given in Table(2) [4,24,25]. Mine layout
shows three ring galleries, the main and tailgates as well as rib pillars between the panels
as shown in Fig. (2). the width of rib pillar equals 25 m. The width of the pillars is
determined on the basis of experimental mine observations. The maximum face length
equals 150m and panel extension is about 1000 m and the annual face advance is 760-800
m [24].

Fig. 2. layout of underground mine in Abu-Tartur site.
1- Ring galleries ~ 2- panel  3-rib pillars  4- goaf 5- maingate 6- tailgate
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Table 2.
Rock properties and stratigraphic column along Abu-Tartur plateau

_ Raock properties
= _ o= _
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Pillar layout must be designed to decrease the possibility of pillar instability. It is difficult
in practice to predict the exact pillar load and pillar strength. For determining the strength
of pillar material, Salamon approach has been applied [24].

In Abu-Tartur area the longwall mining method is applied to exploit the phosphate ores.
Proposed face lengths are 60,100 and 120 m with rib pillars of 25m in width. Excessive
convergence occurred in tailgate after extracting the panel which was supported by double
channels face to face (square cross section) steel sets as posts with regular spacing about
75 cm. Caps are double channels back to back (I - beam cross section).[24,25]

To maintain the tailgates at good conditions to serve the next panel, supplemental supports
must be installed thus increasing the cost of roof supports. The efficient design of rib
pillars will improve the roof conditions in the main and tailgates. Consequently the cost of
supports will decrease.[24]

The physical and mechanical properties of phosphate ore (pillar material), papery clays
(Immediate roof) and the technical data in Abu-Tartur conditions are as follows: [24,25]
Compressive strength of phosphate ore from laboratory tests 6.= 40 Mpa and in-situ mass
strength o =15.760 Mpa. [3].

cm
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Compressive strength of roof rock or=20.6Mpa.
Average depth below surface H=200m
Average specific weight of overburden rock y =25 KN/m’
Mining height (pillar height) h=3.5m
Longwall face length Wi =100m
Abutment angle 6 =30°
Heading B=3m
Factor of safety F.S=2

7. Calculation of Dimension of Pillar By Rock Mass Classification Systems

FS=22=2
O-P
. (0.66kA35 4 5[yar (1 — 5501 ypos )y .,
W, +B)’
y[(WL +W, +2B)H - (LIL‘cané?)}(W" +B)

(0.66X15.76X3_5_0'35 +5[0.025X200(1_e—l.Sw,,/(25+20))]0.8) sz

0.025{(1 00 +W, +2x3)200— M}(wp +3)

4tan30

~1.5w,/45

2490.923Wp_2 + 860.308WP_1 —18.119(1—e¢
Wp =49.1m~49m

)% _-3.291=0

8. Pillar Strength by RMR

RMR-100
o-cm = O-ci e >
GSI value for phosphate ore is determine in work [3,4], GSI = 55 and by correlation
between RMR and GSI from this relationship [5] as flows:

RMR=GSI+5 . RMR =55 +5=60
0.46
Pillar strength o =ZFm> W
s h0.66
gy xwpe mme

s 0.66
h

Pillar stress for square one raw chain pillar
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7| W, +w +2BH—M W +B
[, w, - 2m) [, w)

4tan S
O-P = W2
(o)
FS=—=2
O_P
2
AW, +w, +2B)H — W, +B)" (W, +B)n*
4tan S
RMR-100
5o oc,e B xW

100+3)°

0.025{(100+W1, +6)200— ( }(W,, +3)x3.500

4tan30
70.654WP2'46 =21200W, + 200WP2 —4593.832W,, + 6OOWP +49818.505

70.654W ;¢ —200W, —17206.168W, —49818.505=0
-~ W, =64.3m~64m

9. Conclusions

From this study, the following conclusions can be drawn:

1) Efficient extraction of ores by longwall mining cannot be achieved without taking
into consideration the stability of the workings. If a pillar layout is perfectly stable
then uncontrolled pillar collapse and excessive convergence in the roof of tailgates
may not be occurred.

2) The value of RMR is determined by correlation with GSI value and equal to 60

3) The pillar widths calculated by rock mass classifications are 49m and 64m at a
factor of safety = 2 and panel width 100m with extraction ratios of 70 and 64 %
respectively.
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