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(54) MINE SHAFT CONSTRUCTION METHOD AND SHAFT SINKING MACHINE

(67)  Group ofinventions relates to mining. The meth-
od includes face mining, erection of temporary lining and
permanent lining with a backlog from the working face
by an amount not lower than the level of conditional sta-
bilization of the residual deformation of the rock walls, at
which the load on the lining does not exceed the current
bearing capacity of the lining. The level of conditional
stabilization is determined by the nature of changes in
deformations of the rock walls. For this purpose, directly
at the working face, at one point, the conditionally initial
position of the rock wall of the shaft is fixed and, as the
shaft sinks to a specified level, the deformation of the
rock wall relative to its conditionally initial position is
measured, after which the nature of the change in the
deformations of the walls along its full vertical extent from
the level of fixation of the conditional initial position is
established. The load on the lining is determined by the
current value of deformation at the level of conditional
stabilization of the residual deformation of the rock walls
of the shaft based on the established nature of the de-
formation of its walls. Combine comprises mounting
frame for erection of lining, and face frame, a panelized

spacing ductile shell, in the form of a series of stoplogs
installed around the face frames, connected with it by
means of hydraulic jacks, an operating member for
processing the cross section of the shaft, and a control
system. Displacement measuring sensors are installed
between a stoplog and one of the frames or both frames
and/orbetween two adjacentframes. The control system
includes a processing unit for the measurement result,
which forms the ordinate of the level of conditional sta-
bilization of the residual deformation of the rock walls
from the working face, and a control unit for processing
the cross section of the shaft by the operation member.
As a result, the reliability and safety of workings on the
construction of shafts in a wide range of mining and ge-
ological conditions and specific technological features of
mining operations has increased. The operational relia-
bility of the mine shaft and the speed of sinking have
increased while the resource intensity of the workings
has been reduced.
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Description

[0001] The group of inventions relates to the field of
mining, namely to the technology of construction of ver-
tical shafts of mining enterprises and to the mining equip-
ment for its implementation.

[0002] The construction of mine workings and under-
ground structures leads to the disruption of the balance
existing in the rock mass. In the vicinity of outcrops, de-
formation and destruction of rocks occur. The normal and
safe exploitation of mining operations and underground
structures is ensured by the lining that prevents displace-
ments and collapse of rocks inside the workings. Displac-
ing rocks meetits resistance, lining interacts with the rock
mass, as a result of which a new balance state is estab-
lished. The magnitude of the stresses arising at the con-
tact of the lining with the rock mass and the rock displace-
ment value depend both on the properties and initial
stress state of the rocks, and on the type of structure,
mechanical characteristics of the lining and the technol-
ogy of its construction [N.S Vulychev. "The mechanics
of underground structures. Textbook for high schools." -
M., Nedra, 1982, 270 p.]. Traditionally, the stresses at
the contact of the lining with rock mass is often called the
load on the lining.

[0003] It is obvious that the stress-strain state of the
rock mass in the balance state is static. But during the
construction of the shaft, partial unloading of its surface
from radial stresses occurs, which causes elastic defor-
mation and displacement of the rocks into the mine.
Meanwhile, the pressure on the lining due to the creep
behavior of rocks caused by this process develops over
time and depends on the load history, that is, on the se-
quence and duration of technological operations. More-
over, the most intense change in stresses and, as a con-
sequence, the deformation of the walls of the shaft are
in the immediate vicinity of the face. In this section, a
slight increment of the function argument leads to a sig-
nificant increase in the value of the function. However,
with distance from the face the function flattens out (tends
to a straight line), that is, even augmented increment of
the argument does not lead to a significant increase in
the value of the function. In relation to the considered
problem, the flattering of the function under the given
conditions means the conditional stabilization of the con-
vergence of the rock walls.

[0004] It has been experimentally revealed that the
load on the lining sharply increases during shaft sinking.
So, for example, during the erection of a monolithic con-
crete lining following the movement of the face, signifi-
cant deformations arise due to the convergence of the
enclosing rocks, which adversely affect the not yet com-
pletely hardened lining and lead to its deformation or de-
struction. To reduce the operating stresses in the lining,
it is necessary to erect it at a certain distance from the
face and make it loaded within the normative strength
[V.E. Volikov, S. A. Rybak, I. A. Ozornin. "On the issue
of shaft sinking in a tectonically-stressed rock mass" //
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Mountain Information and Analytical Bulletin (scientific
and technical journal). - 2014. - No. 10. -163-171 pp.]. In
this case it's not guaranteed that the lining will immedi-
ately have its maximum load-bearing capacity, but on the
contrary, as a rule, it requires some time to acquire the
necessary strength. Similar processes, albeit to a lesser
extent, are also the characteristic of tubing lining, mainly
due to the need to tamp the tubing space. The nature
and duration of acquiring by the lining its normative
strength depends on the properties and type of such lin-
ing.

[0005] It is important that at the initial moment of in-
stallation (erection) of the lining the load on it shall not
exceed its initial strength, and that with further sinking
the increasing stresses shall not exceed the load-bearing
capacity the lining has acquired for the time given. Taking
into account that creep deformations are caused only by
additional (relievable) stresses caused by the construc-
tion of the shaft (see N. S. Vulychev, "Mechanics of Un-
derground Structures"), the calculations should include
not complete but residual deformation (at the level of con-
ditional stabilization of residual deformation of rock
walls). That is, a deformation arising as a result of the
additional stresses occurring when the distance from the
face isincremented by a conventional value (convention-
al unit). The distance from the face at which the residual
deformation does not exceed the value of the current
bearing capacity of the lining of a given type with known
properties under given mining conditions is the level of
conditional stabilization of the residual deformation of the
rock walls.

[0006] There is a step-multilayer lining [Description of
the utility model to patent of the Russian Federation No.
134216 dated April 23, 2013, IPC E21D 1 1/00, E21D
5/00, publ. on January 10, 2013, Bull. No. 31], which con-
stitutes the layers of fixing material (concrete, reinforced
concrete, spray concrete, polymers) sequentially applied
both to the fixed rock outcrops and on top of each other,
and the number and / or thickness of the stepped layers
get smaller in the direction of the face, and the number
of layers is equal to the number of steps, with the length
of each layer sequentially applied after the next face ad-
vance is equal to the length of the restraining influence
zone of the face, and the length of the step in the layer
is equal to the length of the next face advance.

[0007] The disadvantage of this lining is a rather nar-
row scope of application. For example, under conditions
of strong convergence of the rock walls, the layers closest
to the face having a small thickness, will deform not hav-
ing time to gain strength sufficient to resist the generated
stresses. Thus, the scope of application of such lining
shall be limited to relatively stable rocks at sites with well-
known geology and well-developed technology for min-
ing workings. In other conditions, the use of this technical
solution is unsafe and reduces the reliability and durabil-
ity of the shaft.

[0008] There is a method of sinking vertical shafts into
soft watered rocks [Description of the invention to patent
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of the Russian Federation No. 2398967 dated July 23,
2009, IPCE21D 1/00,E21D 1/12, publ. on July 10, 2010,
Bull. No. 25], that includes freezing of rocks and drilling
and blasting operations, while drilling and blasting oper-
ations determine the position zone of the face with the
maximum possible impact force of elastic waves acting
on the freezing columns relative to the contact bounda-
ries of two rocks with different physical and mechanical
properties, after which rocks are getting destroyed in
these zones in a mode providing the magnitude of stress-
es in freezing columns, created by elastic waves, equal
to or less than the maximum allowable magnitude.
[0009] The disadvantage of this method is that it is
strictly linked to the technology of rock freezing, which
narrows the scope of its application. In addition, in the
considered method the drilling and blasting method is
used as the main method of rock destruction, which has
anumber of significant drawbacks, among which low pro-
ductivity, danger, and the fundamental impossibility of
accurate determination of the nature and magnitude of
deformation of the work may be underlined, that is, the
safety of the freezing columns in the case of the drilling
and blasting method cannot be guaranteed. This, in turn,
reduces the reliability, safety, and economic viability of
shaft sinking.

[0010] There is a method of sinking deep shafts into
soft watered rocks [Description of the invention to USSR
copyright certificate No. 1126698 dated September 29,
1983, IPC E21D 1/12, publ. on November 30, 1984, Bull.
No. 44], which includes preliminary determination of the
elastic and strength characteristics of rocks in a frozen
state, artificial freezing of rocks to create a temporary
ice-rock enclosure, shaft sinking by pass and erection of
lining, while the value of the ice-rock enclosure displace-
ment during shaft pass is controlled in such a way that it
do not exceed a predetermined limit value, depending
on the thickness of the ice-rock enclosure, distance of
sinking, rock pressure, and rheological parameters of the
frozen rock mass and some technological features. Upon
reaching the maximum value of the ice-rock enclosure
displacement, a permanent lining is erected.

[0011] The disadvantage of this method is the narrow
scope of application, due toits binding to the rock freezing
technology. In addition, to implement the method it is
necessary to first determine in laboratory conditions the
characteristics of rocks in a frozen state, which requires
a detailed study of the geology of the site, without which
the method cannot be considered safe, and the con-
structed shaft - reliable and durable.

[0012] Thereis amethod of sinking a shaft [Description
of the invention to USSR copyright certificate No.
1286774 dated August 20,1985, IPC E21D 1/00, E 1D
1/12, publ. on January 30,1987, Bull. No. 4], including
the formation of an ice-rock enclosure using freezing col-
umns placed behind the shaft contour, a cyclic extension
ofthe face by the sinking distance, erection of lining within
the sinking after determining the moment of the beginning
of the decrease in the bearing capacity of the ice-rock
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enclosure, which is determined using acoustic sensors
placed in pre-drilled blast holes in an ice-rock enclosure
by observing the development of an elastic area in the
ice-rock enclosure, and the moment of the beginning of
the decline of the ice-rock enclosure bearing capacity is
defined as the time of reaching by elastic area the freez-
ing columns.

[0013] The disadvantage of this method is the narrow
scope of application due to its binding to the technology
of rock mass freezing, as well as the need for preliminary
operations (drilling blast holes for placement of acoustic
sensors), which reduces the productivity of work, as well
as the availability of additional instruments and devices
for conducting numerous measurements.

[0014] There is a method of measuring the loading of
a vertical shaft [Description of the invention to USSR cop-
yright certificate No. 1288302 dated December 12 1984,
IPC E21D 5/00, publ. on July 02, 1987, Bull. No. 5], which
involve assessing the difference in the magnitude of de-
formations at the moment of tearing off the formwork and
at the end of concrete setting and comparing this value
with a permitted value.

[0015] The disadvantage of this method is the need for
additional equipment for measurements. In addition, the
loading of the shaft is determined only after fixing the
workings, that is, there is no possibility of a quick re-
sponse to emergency situations. Thus, the method is ap-
plicable for mining operations at sites with well-known
geology and proven mining technology.

[0016] There is a method of constructing a vertical
mine workings by drilling and blasting method (Descrip-
tion of the invention to RF patent No. 2493367 dated July
6, 2012, IPC E21D 1/03, published on September 20,
2013, Bull. No. 26], including drilling of soil or rock by
means of a drilling machine with a manipulator, blasting
rocks, excavating of soil or rock using an excavator buck-
et, erection a tubing lining using a self-propelled sinking
stages.

[0017] The disadvantage of this method is the use of
drilling and blasting technology for the destruction of
rocks, which reduces the reliability, safety and economic
efficiency of shaft sinking. As a rule, this and similar tech-
nologies are developed for theoretical, refined passing
conditions, which do not include, in particular, the non-
horizontal position of rock formations with different phys-
ic-mechanical properties, when the shaft passes through
easily deformable adjacent rocks and, on the contrary,
very stable rocks within a single level or through forma-
tions that lay clearly at a slant. The lining erected under
such geological conditions sustains a non-normative
load and is potentially subject to premature wear.
[0018] There is a shaft-sinking combine that includes
a mounting frame for erecting a reinforcing lining and a
face frame, panelized spacing ductile shell in the form of
a series of stoplogs installed around the perimeter of the
mounting and face frames and connected to it by means
of spacing advancing hydraulic cylinders, an operating
member for processing the sectional drawings (diame-
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ters) of the shaft made with the possibility of axial and
radial movement in relation to the face frame, and a con-
trol system [Description of the invention to RF patent No.
2600807 dated September 09, 2015, IPC E21D 1/03,
publ. on October 27, 2016, Bull. No. 30].

[0019] The disadvantage of the combine is the impos-
sibility to control the process of erection a reinforcing tub-
ing and/ or concrete lining, depending on the operational
changes in mining and geological conditions or if such
conditions do not correspond to previously performed ge-
ological surveys.

[0020] The task to which the group of inventions is di-
rected and the achievable technical result is to increase
the reliability and safety of the construction of resource-
intensive and complex engineering structures, such as
mine shafts, in a wide range of geological conditions -
from easily deformable to very stable rocks, including
within one geological horizon, and specific technological
features of mining operations, such as, for example, the
presence or lack of preliminary shaft freezing, the pres-
ence of the primary lining and / or anchorage et al. This
also resolves the task of improving the operating relia-
bility of a shaft and performance of the shaft sinking; re-
source-intensity of mining is getting reduced.

[0021] In order to accomplish the task and to achieve
the claimed technical result in the method of shaft con-
structing, including mechanical mining of the face, con-
struction of temporary lining and the further construction
of a permanent lining with a backlog from the working
face not less than the level of conditional stabilization of
residual deformation of the rock walls, at which the load
onthe lining does not exceed the current bearing capacity
of the lining, the level of conditional stabilization of the
residual deformation of the rock walls, at which the load
onthe lining does not exceed the current bearing capacity
of the lining, is estimated by the nature of changes in the
deformation of the rock walls, for which purpose, directly
atthe working face, at least at one point, the conditionally
initial position of the shaft rock wall is fixed and, with the
shaft sinking to a predetermined level, at least at one
point, the measurement of the deformation of the rock
wall occurs, in relation to its conditionally initial position,
after which the nature of the change in the deformation
of the shaft rock wall along the vertical extent from the
fixation level of the conditional initial position of the shaft
wall is established, and the load on the lining is deter-
mined by the current deformation at the level of condi-
tional stabilization of the residual deformation of the cre-
ated walls, by reference to the established nature of the
deformation of the shaft walls.

[0022] Besides:

- the change in deformations of the rock walls is de-
fined as the difference in the diameter of the shaft at
the level of the working face at the point of the con-
ditionally initial position of the rock wall of the shaft
at a given level;

- the change in deformations of the rock walls is de-
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fined as the difference in the perimeters of the shaft
at the level of the conditionally initial position of the
shaft rock wall of the shaft at the face and at a given
level;

- conditionally initial position of the rock walls of the
shaft is fixed at the working face by assigning its
processing diameter;

- measurements of deformation of rock walls are
made at a given level simultaneously at several
points along the perimeter of the shaft cross section
and the nature of the change in deformation of the
shaft rock is established according to the point with
maximum deformation.

[0023] In order to accomplish the task and to achieve
the claimed technical result displacement measuring
sensors are installed between at least one stoplog and
one of the frames or both frames and / or at least between
two adjacent stoplogs in the shaft sinking combine. The
shaft sinking combine includes the mounting frame for
mounting the lining and the face frame, panelized spac-
ing ductile shellin the form of a series of stoplogs installed
around the perimeter of the mounting and face frames
and connected to it by means of spacing hydraulic jacks,
an operating member for processing the cross section of
the shaft made with the possibility of at least radial move-
ment in relation to the face frame, and a control system,
which in turn includes a measurement result processing
unit forming the ordinate of the conditional stabilization
level of the residual deformation of the rock walls at the
working face, and also a control unit for the processing
of the cross-section of the shaft by the operating member.
[0024] Inaddition, atleastaportion of the displacement
measuring sensors are located on or integrated into the
spacing hydraulic jacks.

[0025] The group of inventions is illustrated by a draw-
ing, which shows a general view of a shaft-sinking com-
bine at the face of a shaft with a scheme for stabilizing
its rock walls.

[0026] In this description, there are terms that require
some special explanation.

[0027] The term "level of conditional stabilization of re-
sidual deformation of rock walls" shall be understood as
the level at which the load on the lining due to deforma-
tions of the rock walls resulting from sinking operations
will not exceed the current bearing capacity of the lining.
[0028] The term "the given level of shaft extension"
shall be understood as movement of the shaft sinking
combine in the axial direction into the shaft up to a face
processing step, which is usually taken as a multiple of
the height of the operating body.

[0029] The shaft-sinking combine includes a mounting
frame 1 for erecting a temporary (omitted for clarity) and
permanentlining 2 and face frame 3, a panelized spacing
ductile shell in the form of a series of stoplogs 4 installed
around the perimeter of the face frame, connected to it
by means of spacing hydraulic jacks 5, an operating
member 6 processing the cross section of the shaft, made
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with the possibility of radial and, possibly, axial move-
ment in relation to the face frame 3, and a control system
(omitted for clarity). In this combine, at least between one
stoplog 4 and one of the frames - frame 3 or frame 1 or
between both frames 7 and 3 and / or, at least between
two adjacent stoplogs 4, the displacement measuring
sensors 7 are installed, and the control system includes
a result measurement processing unit, which forms the
ordinate of the level H of the conditional stabilization of
the residual deformation of the rock walls 8 at the working
face 9, and the control system also includes a control
unit for the processing of the shaft cross-section by the
operating member 6. It shall be noted that some of the
displacement measuring sensors 7 installed between the
stoplogs 4 and frame 3 or frame 1, or between both
frames 71 and 3, are connected to or integrated into the
advancing hydraulic cylinders 5.as a matter of conven-
ience

[0030] Structurally, this shaft-sinking combine is one
of many options for implementing the original method of
constructing a shaft, which includes mechanized devel-
opment of the face 9, the erection of temporary lining (for
example, spray concrete) and the further erection of a
permanent lining 2 with the lag from the working face 9
not less than the level H of the conditional stabilization
of the residual deformation 4 of the rock walls 8, at which
theload onthelining 2does not exceed its currentbearing
capacity, and the level H of the conditional stabilization
of the residual deformation 4 of the rock walls 8 is deter-
mined by the nature of the changes in the deformations
of the rock walls 8, for which, directly at the working face
9, at least at one point O the conditionally initial position
of the shaft rock wall 8 is fixed, and, with the shaft sinking
to a predetermined level, at least at one point h,, the
change of deformations ¢, of the rock wall 8 relative to
its conditionally initial position is measured, and then the
nature a=f(o, h) of the change in deformation of the shaft
rock walls 8 is established by height of the shaft wall 8
from the fixation level of the conditionally initial position
(point O), and the load on the lining is measured by the
current deformation value o; at the level H of conditional
stabilization of the residual deformation of the rock walls
8 according to the established nature of the deformation
of these walls 8.

[0031] Change in deformations &y, J,, ... J; of the rock
walls 8 are defined as the difference in shaft diameters
at the working face 9 at the point O of the conditionally
initial position of the shaftrock wall 8 of the shaft-diameter
D - and at a given level hy, h,, ... h; - diameter dy, d,, ...
di, - and / or a change in the deformations 6 of rock walls
8 is defined as the difference in the perimeters of the
walls 8 of the shaft at the conditionally initial position of
the shaft rock wall 8 at the working face 9 and at a given
level, and the conditionally initial position of the shaft rock
wall 8is fixed at the working face 9 by setting the diameter
D of its processing.

[0032] Thedeformations doftherock walls 8 are meas-
ured at a given level simultaneously at several points
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along the perimeter of the cross section of the shaft, and
the nature of the change in deformations ¢ of the shaft
rock walls 8 is determined at the point with maximum
deformation (i.e., the "worst" of the measurements , for
example when the shaft is passing through rock strata
with different physical and mechanical properties).
[0033] Using the obtained data for the displacement of
the shaft walls 8 at a known distance from the working
face 9, it is possible to restore the nature of the function
that describes the deformation 4 of the walls of the un-
lined shaft during sinking depending on distance h to the
working face 9. Such function (see the book by N. S.
Vulychev "Mechanics of underground structures" and the
article by V. E. Bolikov and et al. "On the issue of sinking
shaft in a tectonically stressed rock mass"), can be de-
scribed as a curve representing one of the parabola
branches, that is, as the following quadratic function;

y=ax’ + bx +c,
where:

y (h) - distance from face,
X (A) - face walls deformation,
a, b and ¢ - some coefficients.

[0034] The extreme point of this hypothetical parabola
is the point at which the deformations 4 of the walls and
the distance h from the face are equal. It is logical to
assume that point O is the origin in the coordinate system
when considering the problem, at which the deformation
of the shaft walls 8 is zero, as well as the distance from
the face 9. That is, the origin and extreme point of the
function of the considered function in this case coincide
(coefficients b and c are equal to zero). We take this point
as the conditionally initial position of the rock wall 8. Then
the general form of the quadratic dependence can be
transformed as follows:

y = ax’.

[0035] Coefficientacharacterizesthe function and fully
describes the combination of the meaningful factors (min-
ing-geological and technological) in the considered sink-
ing area.

[0036] Having obtained, by measuring, a deformation
value §; of the shaft walls 8 atleast at one pointat a known
level h; relative to the level of the conditionally initial po-
sition, the nature of the whole dependence may be es-
tablished by obtaining the value of coefficient a from the
following formula

_ h
a—g.

[0037] The lining shall be erected at the level H of the
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conditional stabilization of the convergence of the rock
walls 8, when the increment of the distance value h from
the face does not lead to a significant increase in the
deformations & of the of shaft walls.

[0038] The above discussion is only an example of in-
terpretation of the obtained measurements data. In fact,
a mathematical description of the effect of the distance
h from the face on the displacement 5 of the rock walls
due to convergence is a problem that currently has many
solutions described by various functional dependences
- exponential, logarithmic, etc. (see, for example, the
work of N.S Vulychev. "Mechanics of underground struc-
tures. Textbook for high schools". - M., Nedra, 1982. 270
p.; G.A. Krupennikov, et al. "Rock masses Interaction
with the vertical mine workings lining". - M., Nedra, 1966.
- 315 p.; N.N Fotieva. "Calculation of lining for under-
ground structures in seismically active areas".. - M., Ne-
dra, 1980. - 221p.; K.V. Ruppeneit "Deformability of frac-
tured rock masses". - M., Nedra, 1975. - 223 p. and other
works). The use of these dependences implies the use
of empirical coefficients, and its determination will require
numbers of preliminary measurements, in contrast to the
proposed method, in which, theoretically, to carry out one
measurement will be sufficient. In any case, none of the
existing mathematical descriptions is prevailing and at
the same time all of them include the guaranteed margin
of safety arising from the impossibility to obtain an accu-
rate geological picture of the shaft. On the other hand,
measurements made directly during the sinking allow, in
particular, to reduce the unnecessary margin of safety of
the erected lining without decreasing the reliability of the
erected structure.

[0039] Theessential features ofthe group of inventions
have been analyzed.

[0040] When constructing all the shafts, the lining 2, in
theory, one shall erect the lining 2 at a level not lower
than the level H of the conditional stabilization of the re-
sidual deformation 4 of the rock walls 8, and this value
is determined in advance by known theories. In practice,
this is achieved either by erecting the lining 2 at a level
that is reliably above the theoretical level H of the condi-
tional stabilization, or by erecting the lining 2 at a "con-
venient" distance from the face 9 with an indubitable in-
crease in the margin of safety of the lining 2. In all cases
the diameter D of the shaft section "in sinking" and, ac-
cordingly, the materials intensity of lining 2 shall be in-
creased.

[0041] When constructing the shaftin accordance with
this invention, the level H of nominal stabilization of the
residual deformation 4 of the rock walls 8 is actually
measured directly during the course of the shaft sinking,
for which a measurement interval acceptable for a given
sinking speed is set (as a rule, such speed occurs at the
stage of shaft extension or face processing) and the level
H of nominal stabilization of the residual deformation 4
of the rock walls 8 is reliably determined. This allows, in
particular, to reduce the diameter D of the cross section
of the shaft "when sinking" and, accordingly, to reduce
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the materials intensity of lining 2 without compromising
its margin of safety.

[0042] As an additional information, the mining enter-
prise receives a factual description of the physic and me-
chanical properties of the shaft along its full vertical ex-
tent, which, if desired, may be compared with previously
performed geological surveys and, if necessary, adjusted
the technological specification sheet of upcoming repair
and restoration works.

[0043] The change in deformations § of rock walls 8 is
defined as the difference in shaft diameters at the working
face 9 - D, at point O of the conditionally initial position
of the shaft rock wall 8 and d, at a given level h; or, as
the difference in the shaft perimeters at "zero" level of
the conditionally initial position of the shaft rock wall 8 at
the working face 9 and at a given level h. These meas-
urements can be carried out with high accuracy by simple
and common methods, for example, by using displace-
ment measuring sensors 7 (or indirect methods, for ex-
ample, using omitted for clarity pressure sensors, etc.),
for which the perimeter of the shaft cross section is lined
with a panelized spacing ductile shell in the form of a
series of stoplogs 4 installed around the working face of
the face frame. In addition to locating the boundaries of
the shaftwalls 8, which makes it possible to take areading
of a sufficient number of averaged deformation values &
of the walls 8, stoplogs 4 also protect the face area 9
from uncontrolled rock collapse.

[0044] The above measurements of deformations Sre-
quire comparison with a certain conditionally initial posi-
tion of the shaft rock walls 8. This position is successfully
fixed at the working face 9 by setting the diameter D of
its processing, which is carried out by the specified work
program of the operating member 6 of the shaft-sinking
combine for processing the cross section of the shaft.
Depending on the design, the operating member 6 is
made capable of radial movement in relation to the face
frame 1. If necessary, the axial movement (shaft exten-
sion, face processing) of the operating member 6, for
example, a milling cutter (cutting drum) 70, is provided
either with its own axial movement, or movement in pair
with the face frame 1.

[0045] In order to increase the accuracy of measure-
ments, deformations measurements §; of the rock walls
8are performed at a given level h; at more than one point,
which would be sufficient for rocks with the same physical
and mechanical properties (the so-called ideal condi-
tions), but at the same time performed at several points
along the perimeter of the cross section of the shaft, and
the nature of the change in the deformations is estab-
lished not by the average value of the deformations ¢; ,,,
but by the point with the maximum deformation &,,,,. by
"the worst" of measurements.

[0046] The design of the shaft-sinking combine is char-
acterized in that the stoplogs 4, which are tightly adjacent
to the shaft rock walls 8, are equipped, as mentioned
above, with one or more displacement measuring sen-
sors 7. Theoretically, one sensor 7 is sufficient between
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one of the stoplogs 4 and one of the frames - face frame
1 or mounting frame 3 or between two adjacent stoplogs
4. However, considering rather large dimensions of the
shaft, it is more efficient to carry out the measurements
by several sensors 7 and at several levels, for example ,
by the number of stoplogs 4, if the sensors 7 are located
between the stoplogs 4 and the face frame 7 and the
mounting frame 3, or, if the sensors 7 are located be-
tween adjacent stoplogs 4, - at its lower and upper sec-
tions. Displacement measuring sensors 7 between parts
of the combine, installed at one level, for example, at
level h,, converting these measured displacements to
deformation values, for example, 4, values of the rock
walls 8 at the same level, it is desirable to duplicate the
same at another level, for example at level h, , assigned
to some removal from the first or several, for example,
three or more spaced levels, if necessary. In practice this
can be achieved by placing the sensors 7 at the level of
the face frame 7 and at the level of the mounting frame
3 or so, if the sensors 7 are placed between adjacent
stoplogs 4, and the metal structures of frames 7 and 3
restrict access to them for some reason. The use of mul-
tiple sensors 7 at different levels h; allows to increase the
accuracy of measurements of deformation ¢; of the rock
walls 8 and to more reliably identify and establish the
level H of the conditional stabilization of the residual de-
formation 4 of rock walls 8, at which the load on the lining
2is guaranteed notto exceed its currentbearing capacity.
[0047] There arethree possible options for neutralizing
excessive deformations:

1 - increasing the diameter of the shaft processing;
2 - using preliminary lining (spraying, anchoring,
etc.);

3 - shifting the works on installation of the lining 2
along the vertical extent of the shaft.

[0048] The latter method of neutralization in the ab-
sence of technological contraindications is the most pre-
ferred.

[0049] Thus, having received a comprehensive infor-
mation on the level H of stabilization of the residual de-
formation 4 of the rock walls 8, itis possible to start erect-
ing the lining 2 from this section or above. In practice, a
two-level (i.e., having a face frame 1 and mounting frame
3) combine is constructed in such a way so that the dis-
tance between the face frame 7 and mounting frame 3
is guaranteed to overlap the level H of nominal stabiliza-
tion of the residual deformation 4 of the rock walls 8, for
example, by one meter for an eight-meter shaft diameter.
This is facilitated by the corresponding dimensions of the
stoplogs 4 in height and its ductility (the ability to operate
metal structures within elastic deformations, including
through the use of spacing hydraulic jacks 5, makes it
possible to take independent values from each of the
sensors 7 spaced apart along the vertical extent.
[0050] The measurement of displacements between
adjacent stoplogs 4 is carried out on account of the pres-
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ence of a guaranteed gap between them.

[0051] Long stoplogs 4 has one more advantage - they
prevent the uncontrolled shedding of the rock walls 8
between the face 9 and the level of the factual installation
(erection) of the lining 2. This is very important when on
the face frame 1 or on the combine a variety of planned
activities can occur , from equipment repairs to brigade
changes, etc.

[0052] As mentioned above, the stoplogs 4 are con-
nected to the face frame 7 and the mounting frame 2 by
means of spacing hydraulic jacks 5. This makes it pos-
sible to install measurement sensors 7 on all or part of
the spacing hydraulic jacks 5, which greatly simplifies the
design of the shaft-sinking combine without compromis-
ing the structure reliability .

[0053] If it turns out that on a certain level the level H
of conditional stabilization of the residual deformation of
the rock walls 8 is higher than the level of the mounting
frame 3, then the control system will warn about this. In
this case, a series of measures is taken to reduce the
deformation of the walls 8 of the shaft near the face 9
(spraying, anchoring, increasing the treatment diameter
etc.). In addition, it is possible to use an additional sus-
pended scaffold above the mounting frame 3. It should
be noted that such cases are not so typical during shaft
sinking.

[0054] In practice, the possibility to track the level H of
conditional stabilization of the residual deformation 4 of
the rock walls 8 allows to intervene in the sinking process
- the control system, for example, commands the oper-
ating member 6 to switch to the processing mode of the
cross-section of the shaft, - the diameter D of the shaft
"in sinking" decreases, but not less than the value of nec-
essary "inner" diameter of the shaft , taking into account
the thickness of the lining 2, otherwise the diameter D of
the shaft "in sinking" increases.

[0055] It should be noted that the controlled "taper" of
the shaft near the face 9 contributes to the displacement
of the shaft-sinking combine by another step deeper into
the face with minimal energy consumption.

[0056] The control of the deformation §; in the case of
stopping the sinking operations allows to track the dis-
placements of the rock walls 8, which are dangerous for
the shaft-sinking combine and can lead to its jamming in
the shaft, which is a consequence of the parametric re-
serve of technological capabilities of the combine. Exist-
ing shaft sinking technologies include special, rather la-
borious works to exclude the possibility of such situation.
[0057] Itis definitely true, that the method of construct-
ing a shaft using the claimed technology can be structur-
ally carried out on combines of a different design than
described above, but this shaft-sinking combine is struc-
turally and in terms of manufacturing and operating costs
is optimal for a comprehensive solution of the problems
of construction of shafts .

[0058] As can be seen, the design and technological
features of the claimed technical solutions increase the
reliability and safety of the shafts construction workings
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- resource-intensive and complex engineering structures
- in a wide range of geological conditions - from easily
deformed to very resistant rocks, including within one
geological horizon. This practically makes it possible to
significantly reduce or eliminate the influence of specific
technological features of mining operations, such as, for
example, the presence or lack of preliminary freezing of
the shaft, the presence of primary lining and / or anchor-
ing, etc. This allows to optimize the shaft sinking process
and the thickness of the lining 2 decreasingly. In practice,
this may look, in particular, as a decrease of the volume
of wasted rock and, consequently, as anincrease in sink-
ing speed with the same volume of wasted rock, and as
a saving in concrete for the erection of lining 2 while in-
creasing the operationalreliability of the shaft. As aresult,
consumers will obtain a modern mining enterprise with
optimal resource costs.

[0059] The invention is illustrated by the following Ex-
amples:

Example 1 is a general case of a shaft sinking.

[0060] The elements of the combine are mounted in a
pre-sink zone (short section of the shaft, mounting or
launching chamber) using cross-functional crane equip-
ment. All necessary communications are connected
(electricity, water, air). As a result, the mounting frame 1
and face frame 3 are located inside the "skirt" of the sto-
plogs 4, which contact the stoplogs 4 by means of spacing
hydraulic jacks 5. The mounting frame 3 can be connect-
ed to the face frame 1 in any known manner, for example,
as described in RF patent No. 2600807 dated September
29, 2015.

[0061] The control system is adjusted to the diameter
ofthe shaft"in sinking" in accordance with data previously
obtained from mining and geological surveys.

[0062] After installing the equipment and checking its
performance at idle, the treatment process of the face 9
begins.

[0063] The operating member 6 of the processing of
the cross-sectional diameter of the shaft, made, for ex-
ample, in the form of a cutter (cutting drum) 10, begins
to operate in the face 9. The destroyed rock is carried up
to the surface.

[0064] After developing the first layer of rock, the com-
bine, together with the stoplogs 4, is shifted over the re-
spective sinking distance. The control system starts to
analyze the data obtained from the displacements meas-
uring sensors 7 for measuring the displacements (defor-
mations) of the rock walls 8 and compare it with the con-
ditionally initial position (zero points) at the face 9. The
maximum of the values of the measurements made is
selected - the so-called. "Worst" measurement. It be-
comes possible to establish the first as yet approximate
value of the level H of conditional stabilization of residual
deformation 4 of the rock walls 8.

[0065] As the shaft sinks, the control system starts to
analyze the values of the measurements taken at differ-
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ent levels, on the basis of which there can be made a
fairly reliable picture of determining the level of condition-
al stabilization of the residual deformation 4 of the rock
walls 8, at which the load on the lining 2 will not exceed
its current bearing capacity. At the same time, each sub-
sequent measurement confirms the conclusions of the
primary measurements or quickly reveals trends of de-
formations §; of the rock walls.

[0066] In accordance with the technological regula-
tions, installation of concrete, tubing, combined or some
other type of lining 2 is started.

[0067] Inrocks with the same physical and mechanical
properties, the control system in no way "intervenes" in
the treatment of the face 9 by the operating member 6.
However, as soon as the properties of the rock begin to
change, the control system displays a different level of
conditional stabilization of the residual deformation 4 of
the rocks 8. If this level stays within the level of the mount-
ing frame 3, the installation of the lining 2 continues. If it
goes up beyond the level of the mounting frame 3, then
the lining 2 is installed using additional instruments, such
as a suspended scaffold.

[0068] Depending on the strength (hardness) of the
processed rock, a control signal is generated to the op-
erating member 6 - for harder and more resistant rocks
the processed shaft diameter is reduced, for less hard
and resistant rocks it is increased. Correspondingly, the
thickness of the lining 2 is changed while maintaining the
given "inner" diameter of the shaft.

[0069] The effect of the use of the inventions will be
greater, the greater the depth of the shaft, and this is
many hundreds and even thousands of meters.

Example 2 - continued construction of the shaft using
new technology.

[0070] When sinking a certain shaft, instability of the
rock walls is revealed, requiring additional work to study
the stability of the rocks and its strengthening. As aresult,
the costs of erecting lining significantly increased with
the speed of sinking decreasing.

[0071] A decision is made on the technological com-
bination of the process of measuring current displace-
ments (deformations &) of the rock walls and, according-
ly, identifying the level H of conditional stabilization of its
residual deformation 4, at which the estimated lining
loads will not exceed the current bearing capacity of the
rock walls 8. Ifitis not possible to equip the existing com-
bine with an appropriate control system forimplementing
this method, a decision is made to dismantle it and deliver
another shaft-sinking combine equipped with the function
of on-line monitoring of the level H of conditional stabili-
zation of residual deformation 4 of rock walls.

[0072] A pre-sink section (starting chamber) is pre-
pared at the working face 9 and a shaft-sinking combine,
designed in accordance with the invention, is installed
thereto.

[0073] After installing the equipment and checking its
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operability at idle, the treatment of the face 9 starts ac-
cording to Example 1

[0074] As aresult, the volume of wasted rock decreas-
es along with the volume of concrete used for erecting
the lining, and the shaft sinking speed increases along
with its operational reliability.

Example 3 - sinking a pre-frozen shaft.

[0075] The existing experience of pre-frozen shafts
sinking revealed the problem of periodic damage to the
cooling pipes and the associated high costs of its repair
or, if permissible, the localization of damage.

[0076] As described above, the presence, as well as
the lack of freezing of the shaft for a shaft-sinking com-
bine thatimplements the claimed method of construction
(sinking), does not distort the picture of objective moni-
toring of the level H of conditional stabilization of residual
deformation 4 of the rock walls 8 for erection the lining
2,in which the load on the erected lining 2 will not exceed
its current bearing capacity. The effect of using the
claimed inventions is to reduce the volume of the waste
rock and, as aresult, the possibility of reducing the "inner"
diameter of the shaft processing and increasing the dis-
tance from the cutter 70 to the cooling pipes, which re-
duces the likelihood of its damaging. Practice shows that,
for example, for a shaft having an "inner" diameter of 8
m, the diameter "in sinking" can be reduced by 0.5 m,
which provides a "margin" for processing to cooling pipes
of an average of 0.25 m. This, in practice, guarantees
trouble-free passage of the shaft to the entire depth of
the mine.

[0077] In addition, damage to the cooling pipes can
occur if decisions are not made or untimely made to neu-
tralize deformations of the rock walls 8 of the shaft, since
its convergence can lead to a significant distortion of the
cooling pipes, which will impair its integrity and operabil-
ity. In such a situation, it is extremely useful to control
the magnitude of deformations & of the rock walls 8. So,
the magnitude of deformations & of the rock walls 8 reach-
es, for example, 80% of the permissible deformation rate
of the cooling pipes, measures should be taken to elim-
inate these deformations, for example, using anchoring
and / or primary lining, for example, spray concrete.
[0078] Shaftsinkingis carried out similarly to Examples
1and 2.

[0079] Asaresultofthe use ofinventions, the reliability
and safety of shaft construction in a wide range of mining
and geological conditions have increased - from easily
deformable to highly resistant rocks, including within the
same geological horizon - and the specific technological
features of mining workings, such as, for example, the
presence or lack of preliminary freezing of the shaft, the
presence of primary lining and / or anchoring, etc. The
operational reliability of the shaft has increased sinking
productivity while reducing the resource intensity of min-
ing workings.
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10

Claims

1. The method of constructing a shaft, including me-
chanical mining of the face, construction of a tem-
porary lining and further construction of a permanent
lining with a backlog from the working face by an
amount not lower than the level of conditional stabi-
lization of the residual deformation of the rock walls,
at which the load on the lining does not exceed the
currentbearing capacity of the lining, CHARACTER-
IZED IN THAT the level of conditional stabilization
of the residual deformation of the rock walls, at which
the load on the lining does not exceed its current
bearing capacity, is determined by the nature of
changes in deformations of the rock walls, for which
purpose, directly at the working face, at least at one
point, the conditionally initial position of the rock wall
of the shaft is fixed and, as the shaft sinks to a pre-
determined level, at least one pointis used to meas-
ure the deformations of the rock walls with respect
to its conditionally initial position, after which the na-
ture of the change in the deformation of the rock walls
of the shaft along its vertical extent from the level of
fixation of the conditionally initial position of the wall
of the shaft is established, and the load on the lining
is determined by the current deformation value at
the level of conditional stabilization of the residual
deformation of the rock walls based on the estab-
lished nature of the deformation of the shaft walls.

2. The method according to claim 1, CHARACTER-
IZED IN THAT the change in the deformation of the
rock walls is defined as the difference between the
shaft diameters at the working face level at the con-
ditionally initial position of the rock wall of the shaft
and at a given level.

3. The method according to claim 1, CHARACTER-
IZED IN THAT the change in deformations of the
rock walls is defined as the difference between the
perimeters of the shaft at the conditionally initial po-
sition of the rock wall of the shaft at the working face
and at a given level.

4. The method according to claim 1, CHARACTER-
IZED IN THAT the conditionally initial position of the
rock wall of the shaft is fixed at the working face by
assigning a diameter for its processing.

5. The method according to claim 1, CHARACTER-
IZED IN THAT the measurements of the deforma-
tions of the rock walls are made at a predetermined
level simultaneously at several points along the pe-
rimeter of cross-section of the shaft and establish
the nature of the change in the deformation of the
rock walls of the shaft at a point with maximum mag-
nitude of deformation [according to the worst of
measurements].
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A shaft-sinking combine that includes a mounting
frame for erecting a lining and a face frame, a pan-
elized spacing ductile shell, in the form of a series
of stoplogs installed around the face frames, con-
nected with it by means of hydraulic jacks, an oper-
ating member for processing the cross section of the
shaft, made with the possibility of at least radial
movement in relation to the face frame, and a control
system, CHARACTERIZED IN THAT, at least be-
tween one stoplog and one of the frames or both
frames and / or at least between two adjacent sto-
plogs, displacement measuring sensors are placed,
and the control system includes a processing unit
forthe measurementresult, which forms the ordinate
of the level of conditional stabilization of the residual
deformation of the rock walls from the working face,
and the control system also includes a control unit
for processing the cross section of the shaft by the
operation member.

The combine according to claim 6, CHARACTER-
IZED IN THAT, at least, a part of the displacement
measuring sensors is located on or integrated into
hydraulic jacks.
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