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DETERMINING CONDITIONS OF USING DRAGLINES IN SINGLE-TIER
INTERNAL DUMP FORMATION

Purpose. The scientific and practical task of the study is to establish the dependences of the safe distance of dragline excavators
on the height of a single-tier internal dump of the overburden rocks and the level of its flooding, taking into account the physical
and mechanical properties of rocks.

Methodology. To achieve these goals, the following research methods were used: computer modelling using “Slide” software
to build the most stressful sliding surfaces of the dumped rock mass. The calculations were performed in manual and automatic
search modes for the most stressed (weak) sliding surface on several calculated sliding surfaces. The obtained data of calculations
of the width of the prism of a possible landslide were analyzed and their dependence on the height of the single-tier dump and the
water level in the open pit space was established by the method of least squares. The formula for calculating the value of the dis-
tance from the safety embankment to the axis of movement of the excavator is obtained using the cosine theorem and a number of
trigonometric identities.

Findings. Using the “Slide” software complex the parameters of the width of the prism of a possible landslide at safety factors
1.2 and 1.0 were calculated and their dependences on the height of the dump and the level of its flooding with water were estab-
lished, which allowed establishing effective models of dragline excavators for different conditions. The formula for calculating the
distance from the axis of movement of the excavator to the safety embankment taking into account the parameters of the dragline
excavator and the width of the pit for unloading haul trucks is proposed.

Originality. It is established that when the slope of the dumped rock mass is flooded with water, the physical and mechanical
properties of the tier sole change, and the stability of the slope begins to decrease, and the width of the prism of a possible landslide
increases. After water flooding of the slope reaches the critical value at the level of 1/5.2 from the total height of the tier slope, there
is an increase in stability and a decrease in the width of the prism of a possible landslide due to increasing the influence of water
retaining forces in the open pit space. The slope acquires the greatest stability at its maximum flooding by water.

Practical value. The established dependences allowed determining the safe distance for installation of mining equipment, and
also allowed making a choice of an appropriate model of the excavator for carrying out works on formation of a single-tier dump.
The recommended height of the tier of the overburden rock when forming it with a dragline excavator is not more than 100-150 m,
or higher only in case of flooding of the slope with water. It was found that dragline excavators EK 6.5-45, EK 14-50 and EK 10-50
are effective for a tier height of 100 m regardless of the level of flooding. For the formation of a dump tier with a height of 150 m,
the effective use of excavators EK 11-70 and EK 20/90 is possible when at least 70 and 50 m of a slope, respectively, is flooded with
water. For slopes of single-tier dumps of the overburden rocks with the height of more than 150—200 m dragline excavators EK 6.5-
45, EK 14-50 and EK 10-50 are effective when the thickness of non-flooded part of a slope is 70—75 m, the dragline excavator
EK 11-70 — 90—95 m, dragline excavator EC 20/90 — 100—110 m.

Keywords: internal dump, single-tier dump, deep flooded open pit, stability of the open pit sides, physical and mechanical properties
of rocks, dragline excavator, safety factor

Introduction. Currently, one of the most important prob-
lems of the iron ore surface mining with an increasing depth of
an open pit more than 500 m, due to the depletion of the ca-
pacity of existing dumps of the overburden rocks, is the forma-
tion of new external dumps. For their construction, additional
lands, which can reach 100 hectares and more, are involved in
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land allotments and should be located near open pits. In the
direct proximity of other mining companies and residential
buildings, it is virtually impossible to obtain a permit to place a
dump near an open pit that is being operated.

In the Open Pit No. 2-bis of the PJSC “ArcelorMittal
Kryvyi Rih” this problem was solved by storing the overburden
rocks in the open pit space of the Open Pit No. 1 belonging to
the former mining and processing plant “Novokryvorizkyi
GOK?” by forming a single-tier internal dump with the excava-
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tor installed on the ground surface near the upper edge of the
open pit side.

However, with the development of dumping works during
the installation of the excavator on the dumped massif defor-
mation processes began: the upper platform of the dump — the
formation of cracks and fissures (Fig. 1) and there was a threat
of landslide of rock mass into the mined-out space. Thus, de-
termining the safe distance for installation of mining equip-
ment from the upper edge of the formed single-tier dump is a
relevant task.

Literature review. The main technological solutions for the
formation of the dump are related to determining the stability
of the sides of a flooded open pit, which is filled with rocks for
the possibility of their further placement in the mined-out
space and safe operation of the dump equipment.

A number of research works have been performed and
published to date to substantiate the conditions for safe storage
of overburden rocks in the developed open pit space. The stud-
ies on the influence of restoration of the underground water
level of depression funnel on stability conditions of unloading
platforms of a dump are carried out, the methods for estimat-
ing stability of flooded slopes of the open pit sides are given,
the analysis of instrumental observations over the deforma-
tions of reloading platforms is executed and the variants of
safety reloading of the overburden rocks into the flooded open
pit are substantiated [1, 2].

It is established that the stability of the flooded dump
when moving the front of the dump works in the worked out
open pit is primarily affected by the “hydrostatic load” of
rocks below the water level. In this case, the prism of a possible
landslide is formed by loading the flooded part of the dump
with the prism located above from the rocks located above the
water level. Empirically determined width of the landslide
prism of the reloading platform with a safety factor 1.2 is in the
range of 14.5—40.0 m depending on the characteristics of
flooding and the proximity of the open pit contours to the slid-
ing surface of the prism of possible dump landslide [3, 4].

The possibility of further landslide of the dump formation
front in the direction of the formed overburden cracks appears
after the site stabilization, which can be from one to six
months.

It is recommended to use equipment with an unloading
radius of at least 100 m as dump equipment for safe mining
operations, which will allow the placement of overburden
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Fig. 1. Scheme of forming cracks on the northern side of the
Open Pit No. 1 of the Mining and Processing Plant “No-
vokryvorizkyi GOK” (formation of terraces)

rocks in the internal dump from a safe distance for excavation
and loading equipment. The regulations of mining works on
internal dump formation in the flooded open pit are offered,
providing three stages of development of mining works at
which the width of prisms of possible landslide of a part of re-
loading platforms changes [5]:

- within the influence of the contours of the open pit sides
at a distance of 5 to 15 m;

- beyond the contours of the open pit sides at a distance of
more than 50 m;

- within the transition period between stages at a distance
of 15—50 m.

For the conditions of Open Pit No. 1 of the former No-
vokryvorizkyi GOK, it is inexpedient to use the EK 6.5/45 ex-
cavator due to the distance of the dump formation front from
the rock contours of the open pit. Further safe storage of over-
burden rocks in the worked out open pit is expedient with the
use of a stepping excavator EK 20/90 around the entire open
pit perimeter. With an annual capacity of the excavator of
2—4 million m? and volumes of overburden rocks of Open Pits
No. 2-bis and No. 3 of 40 million m?, it can safely store about
2 million m?® of overburden rocks annually for 20 years.

According to the research results, the analysis of the for-
mation of a single-tier flooded dump of the north-eastern side
of Open Pit No. 1 was performed; the deformations of the sur-
face workings by the stepping excavator EK 6.5/45 and the
stability of the north-eastern side of Open Pit No. 1 are ana-
lyzed; the recommendations for ensuring the conditions of
safe storage of overburden rocks in worked out Open Pit No. 1
are developed [6].

According to the research results, the analysis of the for-
mation of a one-handed flooded dump of the north-eastern
side of Open Pit No. 1 was performed; the deformations of the
surface workings by the excavator EK 6.5/45 and the stability
of the north-eastern side of Open Pit No. 1 were analyzed; the
recommendations for ensuring the conditions of safe storage
of overburden rocks in the reported Open Pit No. 1 [6] were
developed.

The safe distance for the standing point of the working
dragline excavator EK 6.5/45 relative to the upper edge of the
single-tier dump in the mining conditions of the north-eastern
side of Open Pit No. 1 includes the actual width of the land-
slide prism within 16—20 m and the body rotation radius equal
to 10 m.

The state of stability of the area, which is dumped near
the contours of the north-eastern side of Open Pit No. 1, is
influenced by: the degree of stability of the benches com-
posed of loose rocks and loaded with overburden rocks; pa-
rameters of rock benches (with angles of slopes exceeding the
angle of natural slope of dumped rocks, with the height of
more than 15 m, and the width of safety berms); parameters
of the flooded prism of the support and the volume of its de-
struction in the form of fluid (“underwater landslide”); de-
gree of stability of previously dumped rocks with the height
from 133 to 165 m.

On the basis of the performed research studies [1, 7] the
mining and technical conditions of formation of an internal
dump are analyzed, the width of sliding prisms and the depth
of development of deformations of a dump massif on unload-
ing platforms are defined, measures concerning safe conduct-
ing of dump formation are resulted.

It is established that the safe distance from the outer con-
tour of the base of the excavator EK-10/70 to the upper edge of
the single-tier dump is 25 m and includes the actual width of
the sliding prism of 14 m and the zone of attenuation of sedi-
mentation deformations with the width of up to 11 m. When
making dumping to the maximal height of the bucket unload-
ing (up to 27.5 m), it is advisable to provide a temporary delay
in the destruction of the “cones” in the sliding prism by leav-
ing “windows” between the cones during the stope dumping
for the further excavation of the dumped mass.
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The analysis [5] of mining conditions and the current
technology of single-tiered dump formation in Open Pit No. 1
when flooded is performed, the deformation processes of the
dumps of the north-eastern side are analyzed, the stability of
rocks during dump formation by EK-6/45 excavator and its
productivity are calculated, recommendations are provided
and measures for safe storage of overburden rocks in the
worked space of Open Pit No. 1 are developed.

It is established that for accident-free movement of the
dump formation front in the direction of water when placing
working reloading platforms on the bulk part of the flooded
dump it is necessary to perform anti-landslide measures to re-
duce the width of the critical deformation zone. This is
achieved by increasing the width of the underwater prism pro-
trusion by applying the technology of controlled dumping.

In order to increase the load-bearing capacity of the fresh
surface working, it is advisable to increase the length of the
dump formation front to 500 m and more while reducing the
width of the dump to 10 m. These conditions will allow com-
pacting the freshly dumped rock mass and stabilize the landslide
of damping rates due to the increase in excavator passing time.

The geo-mechanical calculations on determining the min-
imal allowable safety berm for the operation of loading and
mining conveyor equipment allowed establishing that at a nor-
mative safety factor of 1.15 in the conditions of dumping in a
flooded open pit, the berm width is 34 m. Therewith, the ac-
ceptable pressure value at considered area is 857.5 kPa and
much higher than the average pressure on the ground from the
excavators EK 6/45 during operation — 58.5 kPa (when step-
ping — 107.8 kPa) and EK 11/70 — 97.5 kPa (when stepping —
153.9 kPa).

The following publications are devoted to the issues of en-
suring the stability of the flooded open pit sides and the devel-
opment of technological solutions for the further operation of
the dump complex.

Thus, the work by Nikolashin Y. M., Kebal Y. V. [5] pro-
posed a method for dump discarding in the mode of controlled
deformation of rocks with a temporary support ridge in a
worked out deep open pit flooded by groundwater with steep
inclination angles of their sides.

Due to the developed method, the control of landslide de-
formations in the support ridge is provided, under the load of
which the prism of the actual landslide of the dumped slope of
the surface working is formed, with the establishment of stabi-
lization of shrinkage deformation and the time of the begin-
ning of mining operations for preparing of the excavator move-
ment route on the dumped reloading site.

According to the results of the research [6] the analysis of
the degree of influence of residual surface workings at the stage
of production of mining and technical reclamation of deep
open pits in conditions of restoration of the depression funnel
of groundwater is performed. The problems connected with
conducting mining works on internal dump formation in the
flooded open pit are considered. Thus, in the conditions of re-
sidual surface workings of Open Pit No. 1 of the “ArcelorMit-
tal Kryvyi Rih” there are deformations and landslides in the
process of dump formation, which complicates the compli-
ance with the safety requirements.

Based on the dynamics of the groundwater in the Inhulets
Open Pit, the results of long-term regime observations, the pat-
terns which must be taken into account when forecasting condi-
tions at the pre-liquidation stage are defined. According to the
results of theoretical and empirical research, the causes of dan-
gerous deformations of fresh slope of a single-tier internal
flooded dump have been determined. The analysis of research
studies on internal dump formation, in residual surface work-
ings which consider conditions of using means of open pit field
drainage with the further mining and technical reclamation for
economic, forest, water and other use is carried out [8, 9].

The publication by Shpakov P.S. [10] analyzes design so-
lutions and made adjustments to the stability of internal

dumps, taking into account the maximal height of the tier and
the presence of a weak base. The results of calculations of the
slope maximal height on a weak basis at variable angles of con-
tact from 0 to 12° are presented. The dependences of the max-
imal height of the dump from the main slope angle for differ-
ent angles of the base inclination which are given in the form
of graphs are established.

For further dump discarding by applying the equipment
used in the worked out space of Open Pit No. 1 when flooded,
it is necessary to perform research to determine safe areas or
develop alternative methods and technologies for storing the
overburden mass in Open Pit No. 1.

Formulation of a scientific problem. Therefore, the relevant
scientific and practical task is to establish the dependence of
the safe distance of mining equipment location on the height
of the single-tier dump, the water level in the open pit space
and the physical and mechanical properties of the rocks that
compose the dump rock massif. The established dependences
will allow defining safe distance of placement of the mining
equipment, and will allow making a choice of the expedient
excavator model for conducting works on formation of a sin-
gle-tier dump.

Purpose. Substantiation of the optimal parameters of
schemes for uploading the overburden rocks in the mined-out
space of the deep open pit at formation of a single-tier internal
dump in the conditions of flooding of its slope by water.

Selection of initial data. Calculations on the stability of the
dump slopes are made by the method of algebraic summation
of forces taking into account the influence of the hydrostatic
load side from water in the internal open pit space, changes in
the density of overburden rocks, internal friction angles and
engagement of “dry” and water-saturated rocks on the stability.

The following calculated characteristics were chosen as
initial data:

- the average values of density of the shale and ore-free
ferruginous rocks, taking into account the loosening of rock
pieces segregation when rolling on the surface of a single-tier
slope, including in water: in the “dry” state, and under water;

- the values of internal friction angles taking into account
the normative safety factor for working tiers and sides of the
dump: in the “dry” and water-saturated state;

- the values of engagement of rock pieces.

The calculation of the safe distance of installation of min-
ing equipment from the upper edge of the formed single-tier
dump is associated with the construction of a curved sliding
surface [1]. To do this, it is necessary to determine the initial
data: the angle of internal friction and the specific weight of
rocks, the height of the dump and the water level in the inter-
nal space of the open pit.

During the calculation of the rock mass, taking into ac-
count the experience of similar calculations [3, 11], the aver-
age weighted physical and mechanical properties of the over-
burden rocks were adopted (Table 1).

The resulting angle of the dump inclination is taken as 32°
for the above-water part, and 30° — for the underwater part. The
height of the internal single-tier dump is taken in the range from
100 to 500 m, and the water level from 0 to 400 m, provided that
the water level is less than the height of the internal dump.

Table 1

Physical and mechanical properties of the overburden rocks
placed in the internal dump

Overburden rocks
Indicators not flooded by | flooded by
water water
Specific weight, kN/m? 18.83 17.16
Friction, kN/m? 20 10
Internal friction angle, degree 30 24
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According to the “Regulations on the design of internal
dumping and storage of industrial wastes in iron ore and flux
open pits” the safety factor (K) when calculating the safe dis-
tance of installation of mining equipment from the upper edge
and when building a curved sliding surface should be taken as 1.2.

To issue recommendations on the choice of the suitable
equipment for construction of an internal single-tier dump, it
is necessary to calculate the width of a section with the most
intensive landslide processes. To determine it, it is necessary
to set the distance between the upper edge of the dump and the
point of intersection of the curved sliding surface with the
horizontal surface of the dumped massif, and the safety factor
should be taken as 1.0.

Performance of calculations. The section of the design side
of the open pit and the current or design slope of the internal
dump is constructed in the required scale and the resulting
angle ofits slope o, (degrees) is graphically determined.

The “Slide” software complex was used to compare the in-
dicators of rock stability. The essence of the Slide software is
that it builds the section of the calculated array, determines the
location of the square in which the centers of radiuses of curved
sliding surfaces are placed, then the program finds coefficients
by the curved surfaces according to all points of centers and
radiuses and points to the smallest indicator. Therefore, to de-
termine the stability near the equipment, the operator must
manually determine the coefficient there [12, 13]. The hori-
zontal scale (X) corresponds to the distances between the
points of slopes and sites on the respective horizons. The verti-
cal scale (Y) corresponds to the height position of respective
horizons and surfaces of the open pit and the dump (Fig. 2).

Variants of dump formation schemes. The formation of a
single-tier dump in the mined-out open pit space flooded with
water consists of the following processes: transportation of the
overburden rocks by haul trucks to the unloading site, unload-
ing of the overburden rocks in heaps, selection of oversized
pieces of rock from heaps and moving them outside the un-
loading of overburden rocks with bulldozer, planning of the
dumped heaps into the ditch by the bulldozer, formation of the
ditch by the dragline excavator, dumping of the overburden
rocks planned in the ditch into the mined-out open pit space
by the dragline excavator, movement of the dragline excavator.

The ditch for unloading of the overburden rocks is formed
by the dragline excavator outside the prism of possible land-
slide with the unloading of rocks into the internal open pit
space. The ditch width (b, m) must provide at least one place
for unloading of the haul truck and the possibility for its ma-
neuvers when directing for unloading. The ditch should be

Fig. 2. Example of calculation of parameters of the prism of a
possible landslide in the Slide software:

1 — square of the centers of radiuses of the curved sliding surfaces
(red — for K, < 1.0, blue and light blue — for K, < 1.2); 2 — panel
with the legend of the safety factors; 3 — slope of a single-tier dump;
4 — water surface; 5 — overburden rocks, not flooded with water;
6 — overburden rocks flooded with water; a — the width of the
prism of a possible landslide (m) when K, =1.2; a) — the width of
the prism of a possible landslide (m) when K, = 1.0; H, — the height
of the dump; H,, — the height of the flooded part of the dump

formed along the boundary of the prism of a possible land-
slide, and a utility road with a width of at least 5 m, or a tech-
nological road for passing haul trucks should be provided from
the opposite site of the prism.

Overburden rocks are transported from the open pit to the
site of unloading by haul trucks. The width of the unloading
site must take into account the width of the roadway, the area
for maneuvers and the length of the unloading points. Upon
reaching the unloading site, the rock-loaded haul truck re-
duces the speed to 10 km/h and, provided there is a free un-
loading place, begins maneuvering shunting operations with a
speed of not more than 5 km/h, so as to move reverse under
unloading beyond the prism of a possible landslide perpen-
dicular to the upper edge of the ditch at a distance of at least
5 m from it to the wheel of the haul truck.

To ensure this, it is necessary to provide a safety embank-
ment along the upper edge of the ditch having a height of at
least a half of the diameter of the haul truck wheel. If there are
no free places for unloading, the haul truck enters the unload-
ing site in such a way as not to block the exit from the site to
empty haul trucks. Subsequent haul trucks are outside the un-
loading site at a distance of 5 m from each other. The distance
between the haul trucks under loading must be at least 5 m.

Oversized pieces of the overburden rocks should not fall
into the ditch, so they are selected by bulldozer and transport-
ed to the curb outside the unloading section. Selection and
transportation of oversized pieces of the overburden rocks are
allowed only outside the prism of possible landslide along the
safety embankment.

The overburden rocks unloaded in heaps by haul trucks are
transported by bulldozer to a ditch formed by a dragline exca-
vator. The movement of the bulldozer is perpendicular to the
upper edge of the dump towards the ditch. When planning the
rock unloading site, the allowable distance from the upper
edge of the ditch to the edge of the chains should be not less
than 2 m. The surface of the rock unloading site is planned to
be bulldozed at an angle of at least 3° from the upper edge of
the ditch perpendicular to it at a distance of 10 m.

The dragline excavator must be installed on a solid level
surface. The overburden rock is reloaded by the dragline exca-
vator from the formed ditch into the mined-out space of the
open pit. It is forbidden to stay in its bucket area during the
operation of the dragline excavator. It is forbidden to carry the
bucket over the roadway. The safe distance between mining
equipment and the slopes of benches should be at least 1 m.
Rock is dumped until the filling of the slope with unloading
radius of the dragline excavator at its installation level (Fig. 3).

Fig. 3. The scheme of calculation of the parameters of the prism
of a possible landslide:

1 — axis of movement of the excavator; 2 — excavator; 3 — safety
embankment; 4 — ditch for unloading haul trucks; 5 — surface
working which is dumped by an excavator; 6 — curved sliding sur-
face for the safety factor of 1.0; 7 — curved sliding surface for the
safety factor of 1.2; R — the unloading radius of the excavator, m;
b — the width of the ditch for upper unloading haul trucks, m; z —
the distance from the axis of movement of the excavator to the
safety embankment, m; s — the width of the safety embankment, m;
v — the slope angle of the dumped massif, degrees; a — the width of
the prism of a possible landslide (m) when K, = 1.2; a, — the width
of the prism of a possible landslide (m) when K,=1.0; a,,=a - a,
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Then the dragline excavator moves along the boundary of
the prism of possible landslide, the boom herewith is installed
in the direction opposite to the excavator movement, and the
operations are repeated until the whole front of the slope is
filled. In the event there is a threat of rock mass slide, dumping
works should be stopped immediately, and the mining equip-
ment should be moved to a safe area. To do this, a free exit for
mining equipment must be provided.

To ensure the safety of the internal dump-formation in the
mined-out space of the open pit, the mining equipment must be

2

outside the prism of possible landslide, so the axis of movement
of the dragline excavator must be located at such a distance from
the prism of possible landslide (z, ) which will provide an op-
portunity of formation of a safety embankment and construction
of a ditch of sufficient width by the dragline excavator (Fig. 4).

Taking into account the parameters of the dragline excava-
tor and the width of the ditch for unloading haul trucks, the
distance from the axis of movement of the excavator to the
safety embankment should be calculated according to the fol-
lowing formula of the authors’

where R is the digging radius of the excavator, m; Ry is the ra-
dius of rotation of the tail part of the turntable platform, m; b
is the width of the ditch for upper unloading haul trucks, m; b,
is the width of the body of the dragline excavator, m; s is the
width of the safety embankment, m.

Thus, the effective use of the selected model of the excava-
tor is determined by the inequality

R>z+s+a, (2)
or
a<R—(z+59). (3)

In the case where inequality (3) is not fulfilled, the above-
mentioned method for dumping in the mode of controlled de-
formations is possible. This method differs in that the overbur-
den rocks are dumped into the mined-out space by a dragline
excavator not to the level of its installation, but to the maximal
height of its unloading (A, m) (Fig. 5). Thus, the “radius” of
unloading the overburden rocks into the mined-out space in-
creases by the value H ctgy.

The idea of the method is that the zone of the most intense
landslide phenomena by the dragline excavator is attracted by
the embankment of overburden rocks, due to which the rock
sliding in the prism of possible landslide (a;, m) at K, = 1.0 will
be more intense.

The most effective method for dumping in the mode of
controlled deformations will be used in conditions when the
center of masses of the formed “cone” locates in the zone of
the most intense landslide phenomena at K, = 1. In this regard,
sufficient efficiency of the selected excavator model is deter-
mined by inequality

Fig. 4. Diagram for determining the distance from the safety

embankment to the axis of movement of the excavator (z,
m):
1 — the ditch for unloading haul trucks; 2 — safety embankment;
3 — dragline excavator; 4 — axis of movement of the dragline exca-
vator. R — the digging radius of the excavator, m; R, — the radius
of rotation of the tail part of the turntable platform, m; b — the
width of the ditch for upper unloading haul trucks, m; b, — width of
the body of the dragline excavator, m; 7 — the distance from the axis
of movement of the excavator to the safety embankment, m; s — the
width of the safety embankment, m

bos-1 + +1, (1)
2 b 2 ’
2. p2 b
R>+R2+2RR, ] R*+R; +2RR,, |1~ ZRJ
at
R<z+s+a; 4)
R>z+s5+(a—-a), (5)
or
a—-a <R-(z+59). (6)

In case of non-fulfillment of condition (6), the efficiency
of application of the dump formation method in the mode of
controlled deformations is less, however, under certain condi-
tions it can be applied. Then the inefficient use of the selected
model of the excavator is determined by the inequality at

R<z+s+(a—a)); 7)
R+ Hctgy>z+s+a, 8)

or
a< R+ Hctgy—(z+5). )

In case of non-fulfillment of condition (9) the chosen
model of the excavator for dump formation of overburden rocks
by a single-tier internal dump at dumping of a surface working
in the mode of controlled rock deformations is inefficient be-
cause the rock mass does not get into the produced space, but
only is stacked along the side of the worked out open pit.

This approach to the choice of a dragline excavator for the
formation of a single-tier internal dump can be adopted in de-

Fig. 5. The scheme for calculation of the parameters of a prism
of a possible landslide at dumping of a surface working in
the mode of the controlled deformations of rocks:

1 — axis of excavator movement; 2 — excavator; 3 — safety em-
bankment; 4 — ditch for unloading haul trucks; 5 — surface work-
ing dumped by the excavator; 5' — loading prism for controlled
landslide of the dumped surface working; 6 — curved sliding sur-
face for the safety factor 1.0; 7 — curved sliding surface for the
safety factor 1.2; R — the unloading radius of the excavator, m;
b — the width of the ditch for upper unloading haul trucks, m; 7 —
the distance from the axis of the excavator movement to the safety
embankment, m; s — the width of the safety embankment, m; y —
the slope angle of the dumped massif, degrees; H — the height of
unloading of rock mass by dragline excavator; a — the width of the
prism of possible landslide (m) when K, = 1.2; a, — the width of the
prism of possible landslide (m) when K,=1.0; a,,=a - a,
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sign decisions for the reconstruction of lignite open pits [14,
15], quarries for the development of ilmenite deposits [16], as
well as during filling the mined-out space of open pits for min-
ing of construction raw materials [17, 18].

Calculation of stability parameters. As a result of process-
ing the parameters obtained during the calculations of the
width of the prism of the possible landslide, data charts were
obtained, the functions of which are mainly polynomials of
the third degree, which exist only in the first coordinate coor-
dinate angle (Figs. 6—8).

The horizontal distance from the upper edge to the sliding
surface for the safety factor K, = 1.2 for rocks with physical and
mechanical properties given in Table 1 is calculated by the for-
mulas

a(H,)=f(H,); 0<H,<H,; (10
500y =0.000008 H3 —0.007H2 +1.13H,,+224;  (11)
459, =0.000009H3 —0.007H2 +1.01H, +202;  (12)

agny =0.00001H3 —0.009H2 +1.17H, +173;  (13)
550y =0.00002H) —0.01H2 +1.12H  +152  (14)
30y =0-00002H —0.012H2 +1.12H, +130;  (15)
A5, =0.00004 H} —0.017H2 +1.32H,, +107;  (16)
A0 =0.00009H —0.03H2 +1.9H, +78;  (17)
50y =0.0001H3 —0.03H2 +1.48H, +53; (18)
a90)=—0.0034H +0.03H,, +31. (19)

Analysis of the function a(H,) = f(H,) for the extremum
showed that for rocks with physical and mechanical properties
typical for the overburden rocks of dumps of the iron ore open
pits of the Kryvbas the greatest value is the distance from the
upper edge to the sliding surface for the safety factor K, = 1.2,
and hence the slope in the single-tier dump has the least stable
state when it is flooding to H,,= H,/5.2, with an average devia-
tion of the calculation data of parameters of the prism of a pos-
sible landslide of 2.71 %, the maximal deviation — 7.24 %, and
the minimal deviation — 0.09 %.

The chart in Fig. 5 shows that the non-flooded tier of the
open pit has a parameter of the width of the prism of a possible
landslide depending on the height of the tier. Then, when it is
flooded with water, the physical and mechanical properties of
the tier base change, and the stability of the slope begins to
decrease, and the width of the prism of a possible landslide
increases. After reaching the critical point of flooding the
slope with water to H,,= Ho/5.2 the stability increases and the

300
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w
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Width of the prism of possible landslide («).

0 100 200 300 400 500
Level of the flooded part of the slope (H,,), m

Fig. 6. Chart of dependence of the width of the prism of possible
landslide when K, = 1.2 (a, m) on the height of a single-tier
dump (H,, m) and the level of the flooded part of the slope
(H,, m)

width of the prism of a possible landslide decreases due to the
increased influence of the retaining forces of water weight in
the internal open pit space. The slope acquires the greatest sta-
bility at its maximal flooding by water

al(Ho) :f(Hw)s 0 SHWSHD; (20)

@590y = 0.000006 H3 ~0.0038 H2 +0.5H, +34; (1)
@450y = 0.000009 H3 —0.0045H2 +0.45H, +26;  (22)
@400y = 0.00003H2 —0.0106H2 +1.07H, +3;  (23)
@550y = 0.00002H3 —0.0086 H2 +0.68H, +11;  (24)
@300y = 0.00004 H3 —0.0096 H2 +0.54H, +9.5,  (25)
@550 =0.00002H3 —0.0053H2 +0.22H, +8;  (26)

@y300) =0.0002H2-0.08H, +8.5; 27)
150 = -0.0009H2 +0.09H ; (28)
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Fig. 7. Chart of the dependence of the width of the prism of a
possible landslide at K, = 1.0 (a,, m) on the height of the
single-tier dump (N,, m) and the thickness of the flooded
part of the slope (H,,, m)
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Fig. 8. Chart of the dependence of the upper distance between
the sliding surfaces at the K, = 1.0...1.2 (a; , m) on the
height of a single-tier dump (H,, m) and the thickness of the
flooded part of the slope (H,, m)
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a4y =f(H,); 0<H,<H, (30)

@, 500y =0.000005 H3 —0.00SH2 +0.87H, +190; (31)
@) a5y =0.000007 H3 —0.006 H2 +0.89H, +176; (32)
@y a0y =0.000008 H3 —0.006 H2 +0.78H,, +170;  (33)
Gy 550y =0.0000LH3 —0.008 H2 +0.95H, +141;  (34)
@y 23009 =0.00002H3 —0.011 H2 +1.08H, +120.5; (35)
Gy 050y = 0.00004H3 —0.0165H2 +1.36 H, +99%  (36)
@y 000y =0.00009H3 —0.03H2 +1.97H, +69.5,  (37)
@, 3050 =0.0001H3 —0.028H2 +1.34H, +53,  (38)
@100, = ~0-0034 H2 +0.03H,, +31. (39)

The established dependences (10—39) are necessary at the
further choice of the model of the dragline excavator by effi-
ciency criteria given above, namely: effective — the formulas
(2, 3) (Fig. 3), sufficiently effective — the formulas (3—5)
(Fig. 5), not sufficiently effective — the formulas (7—9) and
ineffective (Fig. 9).

An effective dragline excavator, from the point of view of
forming a single-tier high dump, is one the parameters of
which allow reloading the overburden rocks directly into the
mined-out space at the set tier height and level of its flooding,
being placed at a safe distance from the upper edge of the
slope, namely beyond the prism of a possible landslide.

A sufficiently effective dragline excavator is the one whose pa-
rameters do not allow unloading the overburden rocks into the
mined-out space directly, but allow unloading rock mass into the
area of the dump tier with the most intense landslide phenomena.

A not sufficiently effective dragline excavator is the one
whose parameters do not allow unloading the overburden
rocks into the mined-out space directly or into the area of the
dump tier with the most intense landslide phenomena, but
when dumping the stack of the overburden rocks along the up-
per edge of the tier slope to the maximal height, the rock mass
falls into the mined-out open pit space.

An inefficient dragline excavator is the one whose param-
eters do not allow unloading the overburden rocks into the
mined-out space directly or into the area of the dump tier with
the most intense landslide phenomena, as well as when dump-
ing the stack of the overburden rocks along the upper edge of
the tier slope to the maximal dragline unloading height, the
rock mass does not fall into the internal open pit space.

l_\ R _ Hetgy
2 S
U
3 ~
Z’H\ i I\a
H ] a |

6
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Fig. 9. lllustration of the case when the selected dragline model
is ineffective for dumping the surface working in a single-tier
dump:

1 — axis of movement of the excavator; 2 — excavator; 3 — safety
embankment; 4 — ditch for unloading haul trucks; 5' — surface
working, which is dumped by an excavator; 6 — curved sliding sur-
face for the safety factor of 1.0; 7 — curved sliding surface for the
safety factor of 1,2; R — the unloading radius of the excavator, m;
b — the width of the ditch for upper unloading haul trucks, m; z —
the distance from the axis of movement of the excavator to the
safety embankment, m; s — the width of the safety embankment, m;
y — the slope angle of the dumped massif, degrees; H — the height
of unloading of rock mass by the dragline excavator; a — the width
of the prism of a possible landslide (m) at K, = 1.2, a, — the width
of the prism of a possible landslide (m) at K,=1.0; a,,=a - a,

Choosing an excavator model. The following models of
dragline excavators are considered in the study: EK 6.5-45,
EK 11-70, EK 14-50, EK 10-50, EK 15-80, EK 20-65,
EK 20/90 (Table 2). The experience of designing single-tier
dumps allows taking the width of the safety embankments (s)
4 m, the angle of inclination of the dumped massif (y) 32°, and
the width of the ditch for unloading haul trucks (b) 35—40 m.

The question of determining the efficiency of using a par-
ticular model of dragline excavator is solved by a system of
equations.

For effective dragline excavators
{a:AH; ~BH2+CH,+D
> (40)

a=R—-(z+5s)

where A, B, C, D are coeflicients of the function equation a =
=f(H,, H,), in which H, is the heigh of the dump, m; H,, is the
height of the flooded part of the dump, m.
For sufficiently effective dragline excavators
a,=A'H-BH2+CH, +D'
’ ) 41)
a,=R—(z+s)

where A', B', C', D' are coeflicients of the function equation
a,,=f(H,, H,), in which H, is the heigh of the dump, m; H,,is
the height of the flooded part of the dump, m.
For not sufficiently effective dragline excavators
{a—AH; ~BH2+CH,+D
(42)

a=R+ Hctgy—(z+5)

where y is an angle of the dumped massif'slope, degrees, H is the
height of unloading rock mass with the dragline excavator, m.

Dragline excavators EK 6.5-45, EK 14-50 and EK 10-50
are effective when dumping overburden rocks into the internal
open pit space in one tier with a height of 100 m, regardless of
the level of flooding the slope with water. It is effective in
200 m dumps with flooding of not less than 125 m, in 300 m
dumps with flooding of 230 m, i. e. the thickness of non-flood-
ed part is no more than 70—75 m.

Dragline excavator EK 11-70 is effective for formation of a
single-tier dump of the overburden rocks of 150 m high, not
flooded with water or with flooded part of not less than 70 m.
It is effective in 250 m dumps with flooded part of not less than
160, 300 m dumps of rocks with flooding of not less than
205 m, i.e. the thickness of non-flooded part is no more than
90—95 m.

Excavator-dragline EK 20/90 is effective for the formation
of single-tier rock dumps with a height of 150 m, but when it is

Table 2

Parameters of schemes of operation of dragline excavators at
formation of a single-tier dump

- = -
7 > = 5} -
%2} o) ()
s |2 |5: |283. | 2
8 ° 25 |Egg < £
Model » |2 |45 |€EDE 2
S |2 2% 882 |3
HERLERE L L R
S<|5s|25<|a855 0| 5%
EK 6.5-45 43.5 7.6 9.7 9.0-9.5 19.5
EK 11-70 66.5 10 15 10.0—-11.0 27.5
EK 14-50 46.5 10 15 11.5-12.5 20.5
EK 10-50 46.5 10 15 11.5—12.5 20.5
EK 15-80 76.5 17.2 17.5 13.0—-14.0 32
EK 20-65 61 17.2 17.5 14.0—-14.5 27
EK 20/90 83 14.5 19.7 12.5-13.0 38.5
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flooded by 10—50 m it is sufficiently effective or not sufficient-
ly effective. It is effective in 200 m dumps with flooding of not
less than 100 m, in 300 m dumps with flooding of not less than
190 m, i.e. the thickness of non-flooded part is no more than
100—110 m.

The procedure of filling the mined-out space of an open
pit with a depth of more than 150—200 m is proposed as fol-
lows. To install a dragline excavator on the rocks, on the re-
loading horizon of the combined internal open pit transport
(for automobile-railway transport 150—200 m [19] and auto-
mobile-conveyor transport 270—350 m [20]) which is used to
start formation of the internal dump. The movement of the
dragline excavator to the new surface working should be car-
ried out after reaching the level of tier flooding, which will pro-
vide the stability sufficient for effective use of the equipment.
As the water level rises, to increase the height of the dump un-
til the worked out open pit is filled with overburden rocks and
water.

Conclusions.

1. Using the Slide software, the models of the dumped
overburden rock mass having the slope height of 100 to 500 m
with the step of 50 m and the level of flooding from 0 to 500 m
with the step of 50 m were constructed. The following physical
and mechanical properties were used: specific weight of the
overburden rocks not flooded with water — 18.83 kN/m?,
flooded — 17.16 kN/m?; friction of the overburden rocks not
flooded with water — 20 kN/m?, flooded — 10 kKN/m?; the an-
gle of internal friction of the overburden rocks, not flooded
with water — 30°, flooded — 24°. Based on the constructed
models, the parameters of the width of the prism of a possible
landslide at the safety factors 1.2 and 1.0 are calculated and
their dependences on the height of the dump and the level of
its flooding with water are established. The charts of the func-
tions describing these dependences are polynomials of the
third degree that exist exclusively in the first coordinate angle.

2. The study on the obtained functions to the extremum
revealed that the least stable position for the dumped overbur-
den rock massif is achieved when the slope of the dumped
rocks tier is flooded by 1/5.2 of its height.

3. It is established that when the slope of the dumped over-
burden rock mass is flooded with water, the physical and me-
chanical properties of the tier base change, and the stability of
the slope begins to decrease, and the width of the prism of a
possible landslide increases. After reaching the critical point of
flooding the slope with water, there is an increase in stability
and a decrease in the width of the prism of a possible landslide
due to the increased influence of the retaining forces of the
water weight in the internal open pit space. The slope acquires
the greatest stability when it is maximally flooded by water.

4. The description of schemes of formation of a single-tier
dump is given, their basic parameters are outlined and the au-
thors’ formula of calculation of the distance from an axis of a
dragline excavator movement to the border of a safety em-
bankment taking into account dimensions of a dragline and
the required width of a ditch for unloading haul trucks is of-
fered. Depending on the model of the excavator for a ditch
with the width of 35—40 m, this distance is equal to 9.0—
14.5 m.

5. The limits of efficiency of use of the dragline excavator
for a certain height of a single-tier dump are substantiated. Re-
garding the height of formation of a single-tier dump the drag-
line excavator can be effective, sufficiently effective, not suffi-
ciently effective and ineffective.

6. By comparing the obtained dependences of the width of
the prism of possible landslide on the height of the dumped
overburden rock mass slope and the level of their flooding with
the limits of efficiency of the dragline excavator use for a cer-
tain height of a single-tier dump, it was found that dragline
excavators EK 6.5-45, EK 14-50 and EK 10-50 are effective
for a tier height of 100 m regardless of the level of flooding,
which is confirmed by the practice of dumping in the mined-

out space of Open Pit No. 1 of the “ArcelorMittal Kryvyi
Rih”. For the formation of a dump tier with a height of 150 m,
the effective use of excavators EK 11-70 and EK 20/90 is pos-
sible when the slope is flooded with water by at least 70 and
50 m, respectively.

7. For slopes of single-tier dumps of the overburden rocks
higher than 150—200 m dragline excavators EK 6.5-45, EK 14-
50 and EK 10-50 are effective when the thickness of non-
flooded part of a slope is 70—75 m, the dragline excavator
EK 11-70 — 90—95 m, the dragline excavator EK 20/90 —
100—110 m.

8. The recommended height of the tier of the overburden
rocks when forming it with a dragline excavator is not more
than 100—150 m, which can be increased only in case of flood-
ing the slope with water.
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Meta. HaykoBo-npakKTUYHOIO 3a1avyero JOCTiIKEeHHS €
BCTaHOBJICHHSI 3aJIeXKHOCTEl Oe3IeYHOi BilIcTaHi po3Talry-
BaHHSI €KCKaBaTOPiB-IparjiaiiHiB Bill BUCOTU OTHOSIPYCHOTO
BHYTPIIIIHBOTO BiJiBaJy CKEJbHUX MOPiA i piBHS ioro miaro-
TUICHHS 3 ypaxyBaHHSIM (Di3MKO-MEXaHIYHUX BJIACTUBOCTEM
CKeJIbHUX MOPi.

Metomuka. /151 1OCSITHEHHS TTOCTaBJICHUX 3a1a4 BUKO-
PUCTOBYBAJIMUCh HACTYIHI METOIM JOCJiIKEHHS: KOMII 10-
TepHE MOJCIIOBAaHHS 3 BUKOPUCTAHHSIM ITPOTPaMHOTO 3a0€e3-
neyeHHs1 «Slide» m1st moOyIoBY HAMOIIBII HAMPYXKEHUX MO~
BEpXOHb KOB3aHHSI BiICMIIAHOTO MAaCHMBY TipCHKUX TOpIi.
I1pu 1bOMy po3paxyHKu BUKOHYBAJIMCSI B PyYHOMY i B aBTO-
MaTUYHOMY pEeXUMi IMOIIYKY HalOiNbII HammpykeHoi (ciab-
KOi) MOBEPXHi KOB3aHHSI MO AEKIJILKOX PO3paxXyHKOBUX I1O-
BepxHsSIX KoB3aHHS. OTpuMaHi JaHi po3paxyHKiB IIMPUHU

MPU3MHM MOXJIMBOTO 3pYIIEHHS OyJlIM IIpoaHai3oBaHi Ta
BCTaHOBJIEHA iX 3aJI€XHICTh Bill BUCOTU OJHOSIPYCHOTO Bill-
BaJly il piBHSI BOIU Y BHYTPillIHbOKAP’EPHOMY MPOCTOPi Me-
TOIOM HaliMeHIIMX KBanpaTiB. @opMysia po3paxyHKy BeJu-
YMHU BiJICTaHi BiJ 3a100i>KHOTO BaJly JI0 BiCi pyXy €eKCKaBaTO-
pa oTpMMaHa 3 BUKOPUCTAaHHSIM TEOPEMU KOCUHYCIB i HU3KK
TPUTOHOMETPUYHMX TOTOKHOCTEH.

PesyapraTn. 3a 1OMOMOror MPOrpaMHOIO KOMIUIEKCY
«Slide» po3paxoBaHi mapaMeTpy IUPUHU TPU3MU MOKINBO-
o 3pyllIeHHs IpU KoedilieHTax 3amnacy crivikocri 1,21 1,0 Ta
BCTAHOBJIEHI iX 3aJIEXKHOCTI BiJl BACOTH BiBaJly i piBHSI iOTO
MiITOIJIEHHS BOIOIO, 1110 JO3BOJIMJIO BCTAHOBUTU €(heKTUBHI
MOJieJli eKCKaBaTOPiB-/AparjaiiHiB 1S Pi3HUX YMOB BEE€HHS
BiIBaJIOyTBOPEHHSI. 3anpornoHoBaHa (opmysa po3paxyHKy
BIJICTaHi BiJ| BiCi pyXy eKcKaBaTtopa 10 3alo0iXKHOro Bajly 3
ypaxyBaHHSIM TapaMeTpiB eKcKaBaTopa-aparjiaitHa i mupu-
HH MPUSIMKA JIJIST PO3BAHTaXKEHHST aBTOCAMOCKUIIB.

HaykoBa HoBu3Ha. BcTaHOBIEHO, 1110 MIPU MiITOTUICHHI
YKOCY BiICMTIAaHOTO MacUBY CKEJBHUX ITOPil pO3KPUBY BO-
JIOI0 BiIOYBa€ThCA 3MiHA (Pi3UKO-MeXaHIYHUX BJIACTUBOCTEM
IMiIOIIBU SIPYCY, i CTIKiCTh YKOCY MOUYMHAE 3MEHIIIYBAaTUCS, a
LIMPUHA TPU3MU MOXJIMBOIO 3pYIIEHHSI — 30iJIbLIyBAaTUCS.
[Ticnas nocsirHeHHST KPpUTUYHOI BiIMITKM 3aTOTUIEHHST BOJIOIO
yKocy, BeanunHo 1/5,2 Bia 3araibHO1 BUCOTH YKOCY SIpYCY,
BiIOYBa€THCS 30UIbILIEHHS CTIHKOCTI Ta 3MEHIIEHHSI IIUPUHU
MPU3MU MOXJIMBOIO 3PYIIEHHS 32 PaxXyHOK IiJABUILEHHS
BIUIMBY YTPUMYIOUMX CUJI BaT¥ BOIW Y BHYTPIlITHBOKAP €PHOMY
npocrtopi. Haii6inb1oi cTiiikocTi yKic HaOyBae Mpu MaKCu-
MaJIbHOMY 3aTOITJICHHI IOTO BOMIOIO.

IIpakTiyna 3HaYMMicTb. OTpUMaHi 3aJ1€XKHOCTI JO3BOJIM-
JIM BU3HAYaTU OE3MEeYHY BiICTaHb BCTAHOBJICHHS TipHUYOTO
o0slaIHaHHS, a TAKOX JaJIM 3MOTY 3pOOUTH BUOIp JOLIIBHOT
MojIeJli eKCKaBaTopa ISl BeIeHHST pOOiT 3 yTBOPEHHS OTHO-
SpyCHOTo BimBaiy. PekoMeHmoBaHa BHUcOTa SIpYCY BimBajy
CKeJIbHUX TIOPill pO3KPUBY IMpU (POpMyBaHHI MOTO eKCKaBa-
TopoM-apariaiitHoM He Oitbiie 100—150 M, abo Oinbliie uie
B pa3i MiaToTuIeHHs YKOCcy Bomo. BecraHoBIeHO, 1110 eKCKa-
Batopu-nparnaiitin EK 6,5-45, EK 14-50 i EK 10-50 edek-
TUBHI 11 BUCOTH sipycy 100 M He3aslexkHO Bim piBHS 3aToO-
wieHHs. s dhopMyBaHHS BiIBaJbHOTO SIPYCY BHCOTOIO
150 M edpekTrBHE BUKOpucTaHHs ekckaBaropiB EK 11-70 ta
EK 20/90 moxiBe mpH MiATOIUIEHHI YKOCY BOIOIO HE MEH-
e, Hixk Ha 70 Ta 50 M BignosimgHo. J1J1s1 yKOCIiB OMTHOSPYCHUX
BiIBaJIiB CKEJIbHUX MOPil PO3KPUBY BUCOTOI Oijbiie 150—
200 m ekckaBatopu-nparnaiitau EK 6,5-45, EK 14-50 i EK
10-50 edeKTUBHI MpU TMOTYKHOCTI HE3aTOTUJIEHOI YaCTUHU
ykocy 70—75 M, ekckaBaTtop-apariaitd EK 11-70 — 90—95 m,
ekckaBatop-npariaitH EK 20/90 — 100—110 m.

KurouoBi cnoBa: enympiwniii 6idéan, ooHospycHuil eiosan,
3amonaenuil enubokuil kap’ep, cmiilkicmos bopmie, Qhizuxo-me-
XaHIYHI eracmuocmi 2ipcbkux nopio, exckasamop-opaenaiiH,
Koeghiyienm 3anacy cmiikocmi
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Hems. HayuHo-mipakTudeckoil 3amaueil MccaeqoBaHUS
SIBJISIETCSl YCTAHOBJIEHUE 3aBHCHMOCTEil 6e30MacHOro pac-
CTOSTHUSI PACTIONOXKEHUST 9KCKABATOPOB-IPATTAfHOB OT BbI-
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COTBI OHOSIPYCHOTO BHYTPEHHETO OTBAJIa CKAJIbHBIX ITOPO.I 1
YPOBHSI €ro MOATOTUICHUS C y4eTOM (DM3UKO-MEXaHUYECKUX
CBOWMCTB CKaJIbHBIX MIOPO]I.

Metoauka. [l mOCTUKEHUS TTOCTaBICHHBIX 3a1a4 MC-
MOJIL30BAIUCh CJICAYIOIIME METOAbl MCCACIOBAHUS: KOM-
MbIOTEPHOE MOJECIMPOBAHUE C UCTIOJb30BAaHUEM TTPOTrPaMM-
Horo obecrnieueHust «Slide» ISt TOCTpOeHUsT HauboJiee Ha-
MPSIKEHHBIX TTOBEPXHOCTE! CKOIBXKEHUST OTCHIITAHHOTO Mac-
cvBa TOPHBIX TopoAd. Ilpu 3TOM pacyeThl BBHITIOJHSIINCH B
PYYHOM M B aBTOMaTUYECKOM peXMMe ToucKa HanboJiee Ha-
NpsiKeHHON (c1aboil) MOBEPXHOCTU CKOJIbXEHUS IO He-
CKOJIBKMM Pac4YeTHBIM IMOBEPXHOCTIM CKoybXeHus. [lomy-
YeHHBIC JaHHBIC PACUETOB IMMPUHBI MPU3MbI BO3MOXHOTO
cIBUra ObUTM MTPOAHAJIM3UPOBAHBI U YCTAHOBJIEHA MX 3aBU-
CHMOCTh OT BBICOTHI OJHOSIPYCHOTO OTBajia U YPOBHSI BOIBI
BO BHYTPUKAPbEPHOM MPOCTPAHCTBE METOIOM HAaUMEHBIIUX
KBagpatoB. @opMylla pacyeTra BEJIMYMHBI PACCTOSTHUS OT
MpeaOXPaHUTEIBHOTO Bajla 10 OCU JBUXKEHHUSI dKCKaBaTopa
MoJjiydeHa ¢ MCIIOJb30BaHUEM TEOpPEeMbl KOCMHYCOB U psiia
TPUTOHOMETPUUYECKUX TOXKIECTB.

Pesyabratel. C ITOMOIIIBIO TTPOTPaMMHOIO KOMIUIEKCA
«Slide» paccuuTaHbl MapaMeTPbl IIMPUHBI TPU3MbI BO3MOXK-
HOTO OOpyILIeHUS TTpY KO3 (PUIIMEHTAX 3armaca yCTONInBO-
ctv 1,2 u 1,0 1 ycTaHOBJIEHBI UX 3aBUCUMOCTH OT BbICOTBI
OTBajia U YPOBHS €ro MOATOIUICHUSI BOIOI, YTO TTO3BOJIUIIO
YCTaHOBUTb 3(h(HeKTUBHbBIE MOJIEIN SKCKABATOPOB-/pariai-
HOB IIJIST pa3JIMYHbBIX YCJIOBUIA BeIeHUS OTBaI00Opa30BaHUSI.
IIpennoxeHa dhopmyna pacyera pacCTOSIHUSI OT OCH JIBUXKe-
HUS 3KCKaBaTopa IO IPEeIoXPaHUTEIbHOTO Baja C y4eTOM
napaMeTpoB 3KCKaBaTopa-apariaiiHa W IIMPUHbBI TTPUSIMKA
IIJIST pa3rpy3Ku aBTOCAMOCBAJIOB.

Hayunas HoBU3HA. Y CTaHOBJIEHO, YTO MPU MOATOIIEHUHN
OTKOCa OTCHIITAHHOTO MacCHBa CKaJbHBIX TTOPOJA BCKPBIIINA
BOIOIl TIPOMCXOOUT M3MEHEHUE (DU3MKO-MEXaHUYECKUX
CBOICTB MOJOIIBHI Ipyca, U YCTOMYMBOCTh OTKOCA HAYMHAET
YMEHBIIIAThCS, a IIMPWHA TIPU3MbI BO3MOXHOTO OOpyIle-

HUSI — yBenuuuBaTbes. [lociie MOCTVDKeHUsS] KPUTUIECKOit
OTMETKM 3aTOIICHUSI BOIOW OTKoca, BeauduHou 1/5,2 or
001Ieil BBICOTBHI OTKOCAa sIpyca, TMPOUCXOMUT YBEIUYCHUE
YCTOMYMBOCTH Y YMEHBIIIEHUE IITUPUHBI IIPU3MbI BO3MOXKHO-
ro OOpyIIEHMsS 32 CUET MOBBIIIEHUS BIUSHUS YAEPXKUBAIO-
IIUX CWJI Beca BOIbI BO BHYTPMKAPhEPHOM ITPOCTPAHCTBE.
HauGonplnyto ycToOiYMBOCTL OTKOC TIPUOOpPETAET MPU MaK-
CHMaJIbHOM 3aTOTUIEHUU €TO BOIOM.

IIpakTyeckas 3HaYMMOCTh. [loslydeHHBIE 3aBUCUMOCTHU
TTO3BOJIVJIA OTIPENIEIUTh Oe30ITaCHOe PACCTOSTHUE YCTaHOB-
JIEHUsI TOPHOTO 000PYIOBaHUsI, a TAKXKe MO3BOJWIN CAeIaTh
BBIOOD 11€71eCO00Pa3HON MOJIeIM DKCKaBaToOpa ISl BeACHUS
paboT 10 CO3MaHUI0 OAHOSIPYCHOTO OTBaa. PekoMeHayeMast
BBICOTA SIpyca OTBajla CKaJTbHBIX TIOPOI BCKPHIIIN TIPU hop-
MUPOBAHUU €ro 3KCKaBaTOpPOM-AparjailHoM — He Ooiee
100—150 M, wiu 6oJiee — TOJBKO B ClTyyae MOATOIIEHUS OT-
KOca BOION. YCTAHOBJIEHO, YTO B3KCKaBaTOPBI-AparjaiHbl
OUI 6,5-45, B 14-50 u DI 10-50 acbheKTUBHBI 15T BBICO-
Thl sipyca 100 M He3aBUCUMMO OT YpOBHs 3aToruieHus. Jlis
(opMupoBaHUs OTBaJBLHOIO sipyca BbicOTOI 150 M addek-
TUBHOE MCIIOJb30BaHUe 3KckaBatropoB Il 11-70 wu
O 20/90 BO3MOXHO TPU MOATOIICHUN OTKOCA BOMOI He
MeHee, ueM Ha 70 u 50 M cOOTBETCTBEHHO. J1J1s1 OTKOCOB 0OJ1-
HOSIDYCHBIX OTBQJIOB CKaJbHBIX TMOPOMA BCKPBIIIN BBICOTOM
oosee 150—200 M skckaBaTopbl-gparnaiiHel DI 6,5-45,
O 14-50 u DI 10-50 acbdeKTUBHBI TPU MOITHOCTU He3a-
TOIUIEHHOM 4yacTu otkoca 70—75 M, sKcKaBaToOp-aparjaiH
OUI 11-70 — 90—95 M, sxckaBaTtop-apariaitH DI 20/90 —
100—110 m.

KimoueBbie ciioBa: sénympennuii omean, 00HOAPYCHbIi OM-
6an, 3amonaeHHblil 2AY00KUll Kapvep, yCmouvueocms 60pmoa,
@u3suKo-Mexanuveckue c8olCmea 20pHuIX NOPo0, IKCKAGAMOpP-
dpaenaiin, Koaghguyuenm 3anaca ycmou4ugocmu
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