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In this paper, the computer program ‘SHAFT’ developed for estimation of support requirements
for circular mine shafts is introduced. Theory of support design is based on the analytical
solutions of circular excavations under non-hydrostatic loading (Detourney and St. John!), and
Lamé’s thick-wall ¢ylinder theory (Timoshenkos). For rock mass strength property-determination
Hoek-Brown failure criterion (Hoek et al.2) is used. Mainly two types of support, concrete and
steel are taken into consideration as a support member. Program is written in Quick Basic
language. Input parameters of the program are shaft radius, number of zones having the same
properties along the shaft depth, and depth, unit weight, horizontal to vertical stress ratio, GSI,
and uniaxial compressive strength of intact rock of each zone, and compressive strength and
safety factor of support member. Output of the program is the graphical representation of shaft
with the required support member and thickness throughout the depth of the shaft.

Introduction

Shafts are truly the ‘lifelines’ of underground mines due to
their various functions. They are generally the only access
for transporting men and material to and from the mine and
for conveying power and water lines to working areas. They
are also an important part of the underground ventilation
network.

The fundamentals of the construction of shafts are very
similar to those of horizontal tunnels, and may be compared
briefly. Excavation is safer in that there is no overhead
ground to be taken out, but all spoils have to be lifted and
hoisted, without delay, in order to clear the working
surface. Immediate suppoit of the exposed ground generally
presents less difficulty than in a tunnel, while for permanent
support the same systems are available and linings are more
easily placed. It should be noted that shafts have to be sunk
through whatever ground happens to overlie the tunnel they
serve; there is usually some choice of stratum for the tunnel,
but not for the shaft (Megaw and Bartlet3).

Design of shaft support includes complex and lengthy
mathematical equations; the aim of this study is to develop
a user-friendly software for practical use.

This paper starts with introducing the analytical equations
used in coding and continues with the detailed information
on the developed software ‘SHAFT’ and finally gives an
example run result from the software.

Equations used in coding

Mainly, equations used in this study can be divided into two
groups; one for design of support member and the other for
calculation of strength properties of the medium in which
the shaft is driven. Detailed shaft design equations can be
seen on Ozturk45,

Support pressure calculations

Detournay and St. John! consider a long cylindrical
excavation of radius R; in an infinite rock mass subject to a
non-uniform in situ stress shown in Figure 1.

It is assumed that the long axis of the cavity is parallel to
one of the principal in situ stress directions and that the
excavation is deep enough so that the gravity force can be
neglected. The rock is assumed to behave as an elastic
perfectly plastic Mohr-Coulomb material; i.e., it is
characterized by a yield envelope
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where k, is the passive coefficient defined as
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and 6] and o3 are the major and minor principal stresses in
the plane perpendicular to the excavation axis, ¢' is the
internal friction angle and Gy is the uniaxial compressive
strength of the rock mass.

The in situ stresses can be expressed in terms of the mean
and deviatoric components, Py and Sy, respectively, Figure
1. Since the rock obeys the Mohr-Coulomb yield criterion,
the deviatoric invariant Sp must be less than the limiting
value So given by,
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The limiting internal pressure, P,, is given by
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Where obliquity, m be less than 1, of the in situ stress,
defined as
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Figure 1. Long cylindrical excavation

m=S,/5, [5]

if the internal pressure, P;, is decreased below the elastic
limit, two isolated plastic regions will develop on either
side of the excavation in a direction perpendicular to
maximum compressive in situ stress, these two zones will
eventually coalesce to form a unique yield region around
the excavation. ‘

For lining thickness calculations following Lamé’s thick-
wall cylinder equation (Timoshenko®f) is used.

Thick-wall cylinder in elastic medium under outer
pressure (Lamé problem) (Figure 2) gives the following
equation for lining thickness.

%
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GOthr - 2 I)e
where,
R; : excavation radius
t : lining thickness

Ogmax : tangential stress at the inside face of the lining
(compressive strength of lining)

P, : uniformly distributed pressure at the rear of the

lining.

As can be seen from the Equation [6], one of the
important input parameters is pressure at the rear of the
lining, which can be calculated by the help of the Equation
[4]. Hence, to be able to calculate pressure at the rear of the
lining cohesion and internal friction angle parameters are
required. Following section explains these calculations.

Cohesion and internal friction angle determination

Hoek et al.2 give the following equations for cohesion and
internal friction angle determination of rock mass.
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Cci : uniaxial compressive strength of the intact rock
GSI : Geological strength index
D : degree of disturbance factor, 0 for undisturbed,
1 for very disturbed rock masses
H : depth
Y : unit weight of the rock mass.

Software ‘SHAFT’

‘SHAFT’ is written in Quick Basic language. It consists of
seven sub programs. Basic, input parameters are, radius of
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Figure 2. Thick-wall cylinder under outer pressure
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shaft and the number of regions having the same properties
(each region is a section of the rock mass which may
respond to the shaft excavation in the same manner).
Secondly, detailed information for each section is asked,;
such as, depth, GSI, unit weight of the rock mass, uniaxial
compressive strength of intact rock, ratio of horizontal to
vertical stress (this ratio is assumed to be the same as
horizontal stresses ratio), Hoek-Brown constant m;, and
disturbance factor D, giving a table of alternative values for
the last two inputs for the user. Lastly, support properties
are asked; such as, concrete strength and safety factor.
Program first finds the depth at which the support
pressure is required, and starting from this depth and
increasing by 1 m, assumes a minimum concrete thickness
of 5 cm and calculates safety factor. If it finds that found
safety factor smaller than given safety factor, it returns to

failure criterion is used. Mainly two types of support,
concrete and steel are taken into consideration as a support
member. Program is written in Quick Basic language. Input
parameters of the program are shaft radius, number of zones
having the same properties along the shaft depth, and depth,
unit weight, horizontal to vertical stress ratio, GSI, and
uniaxial compressive strength of intact rock of each zone,
and compressive strength and safety factor of support
member. Output of the program is the graphical
representation of shaft with the required support member
and thickness throughout the depth of the shaft.
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Table I
Input parameters for a simple run
Shaft radius (m) 3
Number of zones with the same properties 2
Zone #1 Zone #2
GSI 20 90
Depth (m) 200 500
Gei (MPa) 10 100
¥ (KN/m3) 27 27
D 1 0
m; 10 20
Horizontal to vertical stress ratio 2 ‘ 1
Support Properties
Concrete Strength (MPa) 40
Safety Factor 1.5
Steel Strength (MPa) 400
Safety Factor 1.2
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Concrete &
Steel

Concrete 8
Steel

Use T4 keys to move the cursor
and press <ENTER> key

Press <Esc> to return to main menu

DESIGN SUMMARY FOR SECTION BETWEEN
0 AND 37 meter

Required Concrete Thickness 5.00 cm
Concrete Strength = 40 MPa

No Steel Required

Use T 4 keys to move the cursor
and press <ENTER> key

Press <Esc> to return to main menu

DESIGN SUMMARY FOR SECTION BETWEEN
94 AND 193 meter

Required Concrete Thickness 9000 cm
Concrete Strength = 40 MPa

No Steel Required

Concrete 8
Steel

Concrete B
Steel &

Use T4 keys to move the cursor
and press <ENTER> key

Press <Esc> to return to main menu

DESIGN SUMMARY FOR SECTION BETWEEN
37 AND 94 meter

Required Concrete Thickness 30.00 cm
Concrete Strength = 40 MPa

No Steel Required

Use T4 keys to move the cursor
and press <ENTER> key

Press <Esc> to return to main menu

DESIGN SUMMARY FOR SECTION BETWEEN
193 AND 200 meter

Required Concrete Thickness 12.00 cm

Concrete Strength = 40 MPa
Required Steel Thickness = 5 com
Steel strength =400 cm

Use T4 keys to move the cursor
and press <ENTER> key

Press <Esc> to return to main menu

DESIGN SUMMARY FOR SECTION BETWEEN
200 AND 500 meter

Required Concrete Thickness 500 cm
Concrete Strength = 40 MPa

No Steel Required

Concrate B
Steel B

Figure 3. Output of ‘SHAFT’ for a simple run
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