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ABSTRACT

In this paper the necessary factors to be
considered while designing an underground mine
opening for a proposed uranium deposit  were
outlined. Its scope include the assessment of various
state of stresses existing in the rock before mine
opening and the distribution of stresses at a depth
very close to the opening. This eventually will lead to
the control of rock failure within the shaft opening
and also provide optimum pattern in the design of a
mine opening with different diameter of openings for

the proposed uranium deposit in Nigeria.

INTRODUCTION

The study of the properties and behavior of
rock, the nature of stresses about underground
openings and their relation in the design, support of
mine workings and induced caving of rock in mine
exploitation plays an important role in the overall
construction of a mine. Obert et al (1986) stated that
all rock at depth is under stress due to the weight of
the overlying rock (superincurnbent load) and to
possible stress of tectonic origins. They went further

to add that the pressure of a mine opening induces or

redistributes stresses in the rock surrounding the
opening, and this rock will fail if the rock stress
exceeds the rock strength. Anoshinka (1989) in the
study of rock strength in an iron deposit in Rostov,
Russia concluded that the problem of designing a
stable mine opening reduces by not only the
ineffective determination of the maximum stress in
rocks surrounding the opening but also the improper
determination of the strength of the rock in situ
Borovski (1990) noted that the maximum stresses
occur at the boundary of the opening and act
tarigentially to it, He also deduced that the radial
stress at the boundary is zero, and the shear stress is
equal to one-half the tangential stress. Panck (1988)
on analysis of theory of elasticity found out that the
stresses are independent of the elastic moduli of the
rock material around @ mine opening. Woodruff
(1986) study of critical stresses for two basic shapes
of ming openings coneluded that the peak values of
the maximum (tangential) stress acting on a mine
opening occur at the midpoints of the top and sides or
at corners of the opening. He further pointed out
that the stréss redistribution about the mine opening

is negligible at a distance of one diameter from the
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edge of the hole.

All the above studies have a place for
effective design of underground mine opening of the
proposed uranium deposit in Nigeria.

THEORETICAL CONSIDERATIONS

The shape of a cylinder was chosen for the
design of the proposed underground mine opening.
The state of stresses that were considered were
vertical, ., radial @, horizontal o, and tangential o,
stresses. The deformations along the vertical and
horizontal axis. W and U of the mine opening
respectively are defined by these stresses. With these
we proceed to solve the problem of axial symmetrical
theory of elasticity in the elastic hemisphere of 4
cylindrical vertical opening of radius R an(i-df:pth H
(fig.1). On the surface opening, extemnal load is

absent and at infinity, there is an accommodation of

stress that is defined corresponding to the rock mass.
Use is made of two singular integral equations that
operate on the assumption that there is continuity in
the elastic hemisphere within the zone of the mine
opening. These are characterized longitudinally by
few wvertical and radial stresses on excavating the
mine opening. Their intensities P and Q represent a
function of countour segment S of mendian cross
section. From here 1t was assumed that the stresses at
any point M inside the hole which generate the
following stresses (6, 6, G, |
if the functions P{S) and Q(S} are known, if Mo

represent the value of points inside the mine opening;

@ ) can be calculated

hence the axial Pz(So)and radial Pr(So) stresses
acting on the surface of the mine opening can be

caloulated through the following equations:
P8 =P; (Sa)+ [P(S)p (5,8 +Q(S) fe (S

8) a8 (1)

And

PUS)=PS)+ [PUS) Fp(S, 8;) + Q(S) Fo (S, So)
[ R R {2}

Where,

PAS)=-0."=vH; P’(S8,)=-1, =0 whenz=H,
t=R;
P(Se) =-0"=kyH; PS(8;)=-1," =0 whenz <H,
=K

G o= m——— il
L=
¥ = poisson coefficient
In equation 1 and 2 the functions fp, fy, Fp and Fy

determine the influence of the stresses P and Q.

Considering semi contour DDy in fig 1 evaluate the
integral £ S, So )ds to obtain a system of algebraic
series where the unknown intensities of Py and Qy of
the vertical and horizontal stresses lie. These are
given as follows:

P (0,)ik + Qu(o,) %k = - yH

Py ()i + Qut)Yik =0 (I=1.2,..0) ...(4)

Py (2 )ik + Qy (1) %k = 0

Py (o)fik + Quo)tik =2y H ( I=m#],
where,
1 — commen number of parts in the hemisphere B,1;
m - number of horizontal parts within the edge of the
opening.
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Having known the unknown values of Py and O
through equations 3 and 4 we proceed to determine
fhe stress and deformation in every point M inside

the hemispherical hole during excavation. This is

given by the multiplication of matrix @ and X
o=l e Keamiea (&)
Wi Py
UM QI
o={0,)u X = P;
(o Q:
(6 I :
(T B
Qn
W= Wi s somsnnmsdrey iiamss Wt Whia
Wi Dy ssmmasipanisa P Ui
(O (02 %0iseersv02:(2 P € 82 ) vt

oo, ]th('Ur Patseoos- A6 Fms (0 :'QMn
(G virs (08) Swars <o (66)°wims (06 )
(T Pas (T Pty G i (%)t
where, Wy, Uy (0. ) etc represent unkmown
deformation and stress in point M;

and W9,,, W etc represent the deformation and
stress per unit value of Py and Q,

For effective result in the design of the proposed
mine opening use is made of electronic calculating
machine of model M-220 which corresponds to the
coordinate grid shown in fig.2, Ths following data
were employed to solve the required problem.
Proposed diameter chosen were 4m, 6m and Bmy
depth of the opening face 300m, tonnage factor of
rock encountered 2.5 T/m” poisson coefficient, 0.4.

Also the elastic deformation in vertical U and
horizontal axis W of the opening were deduced from
the equations

UG and 2GW, where, G= E/2(1+7)

E is the elastic module constant in kg/em®

RESULTS/DISCUSSIONS:

The characteristics of the spatial distribution
of stresses o, o, and oy for a mine opening of
diameter 6m is shown in fig. 3 while the spatial
representation of deformation near the face of mine
opening with the same diameter is given in fig4.
This signify that if the mine rock is seen as an elastic
abject it is possible to conclude that at the moment of
formation of outcrop of mineral layers around the
vicinity of the face of mine opening, there exit
stresses and displacement that mnfunﬁ with that
shown in figs. 3 and 4. This work also showed that
the change in the diameter of the hole has no effect
on the spatial behavior of the stresses. It affirms that
the spatial characteristics of the stresses solely
depend on the region of influence: of the rock mass
within the mine opening (fig.5). This was explained
further, by plotting the graphs of stresses against the
distance from the mine face and the axis of mine
opening. This is shown in fig.6. From the graph it is
seen that on increasing the depth of the shaft the
character of stresses in the shaft remain unchanged
provided that other geological conditions of the shaft
remain constant.
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CONCLUSIONS:

For effective design of mine opening there is need to
determine the values of stress concentration factor for
the shape of the opening required before determining
the critical values of boundary stress which will be

compared with measured strength properties of the

surrounding rock mass.

Tensile stresses are usually more serious than
compressive in causing opening failure; peak tensile
values occur at the top of openings,

The construction of the underground opening of the
proposed wranium deposit require a thorough
alignment of the walls of the opening with adequate
concrete support to avoid failure during shafi sinking.

R. A. Dsemsnam—“_
s |
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