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Abstract. Graphical dependences of the change in the stability coefficient of quartz sand
scarp from the angle of working scarp were obtained using the normative method of graphical
constructions and limit equilibrium methods in Rocscience Slide. It has been established that
the character of change of graphical dependences of the working scarp stability coefficient on
the slope angle is the same for both the methods of analysis in Rocscience Slide and for the
normative method of graphical constructions (by G.L. Fisenko).

Differences in the numerical values of the slope stability coefficient calculated by the
method of graphical constructions with the values obtained by Bishop, Janbu and Spencer
analysis methods in the Slide program have been established.

The numerical values of the stability coefficient calculated by the graphical plotting
method are higher than the analysis methods in Slide. In particular, the values of stability
coefficients are larger by 6...11% compared to their values obtained by Bishop and Spencer
analysis methods and by 9...14% compared to Janbu values when the slope angle is changed
from 25 to 50 degrees.

Key words: quarry; quartz sand; working scarp; sliding surface; slope stability
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Introduction. In many cases, open-pit mining is accompanied by deformation processes
in the sides and benches of quarries [1]. These processes can be both long-lasting and short-
term or even instantaneous. In any case, deformations of quarry slopes reduce mining efficiency
and cause material damage to the company. In particular, the proper and safe conduct of mining
operations is disrupted, and mineral losses increase.

The main causes of deformations (landslides, cave-ins, landslides, etc.) include
insufficient study of mining and geological conditions (structural features of the rock mass and
its physical and mechanical properties); non-compliance of the angles of slopes of quarry slopes
with regulatory requirements; misconception of the nature of deformations (underestimation);
improper mining operations; lack of engineering landslide protection measures at the quarry;
application of incorrect methods of assessment and analysis of safe slope stability parameters
[2]. In this regard, slope stability should be assessed on an ongoing basis using available
(engineering or computer) control methods based on reliable data on the condition of the rock
mass and mining technology.

To ensure the stability of quarry slopes, it is also necessary to take into account several
factors that may cause landslides. In addition, it is necessary to ensure constant monitoring of
compliance while the established parameters of mining technology with forecasting the state of
stability of the rock mass in case of possible violations. Therefore, establishing the dependence
of the stability coefficient of the quartz sand bench on the angle of its slope in the conditions of
the Sykhivske deposit is relevant.

Purpose and objectives. The purpose of research of the scientific article is to study the
influence of the angle of slope of the working ledge of quartz sands on its stability coefficient
for the conditions of Sikhovsky quarry.
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The task of research is to establish the relationship between the value of the stability
coefficient of the scarp slope and the angle of its inclination for different methods of analysis.

Material and research results. According to the working draft of the development of
this deposit, the slope angle of the working bench should be o = 30°. This angle meets the
necessary conditions to ensure the stability of the slope. However, in some cases, the value of
the slope angle is temporarily not observed due to certain technological reasons (in particular,
failure of mining equipment, significant intensity of mining operations, etc.) Such a violation
of mining technology and occupational safety rules can lead to the formation of landslides,
cave-ins, and landslides. To prevent the occurrence of landslides and avoid their negative
consequences, it is necessary to know the safety factor of the bench and the possible collapse
surface of the massif.

At present, the normative method for determining the parameters of rock mass stability
is the method of graphical constructions (according to G.L. Fisenko) [3]. This method of
calculation is based on the Coulomb's equation of limiting equilibrium. After the sliding surface
is constructed, the total length of its surface L, and the width of the shear wedge B are
determined. Next, the stability is checked by calculating the slope stability coefficient. To do
this, a shear wedge is constructed to scale and divided by vertical lines into a certain number of
prisms of approximately equal width. At the intersection of the vertical lines with the sliding
surface, the weight force of the rock in the block is decomposed into two components: normal
Ni and tangential T; of the block mass. Then, for each prism of possible collapse, the angle 5
between Qi and N; is measured [4].

The normal (retaining) component N; and the tangential (shear) component T; of the block
mass, tons, are defined as

N.=Qcosd,;  T.=Qsindg,. 1)

After that, the area of each S block is determined and the mass of rock in each block per
1 running meter along the length of the slope is calculated (b):

Q=Syb, 1. 2

The stability coefficient of the slope of the bench is calculated by the expression:

tgo> N, +C-L
Kst = = n ! (3)

where o is the angle of internal friction, degree; C is the coefficient of rock adhesion, MPa; L
is the total length of the sliding surface, m.

According to the working design of the development, quartz sands of the Sykhivske
deposit have the following physical and mechanical properties: bulk density — y = 1,66 t/m?;
cohesion — C = 2 kPa; coefficient of loosening — Kr = 1,32; natural humidity — W = 2,83%;
angle of internal friction - ¢ = 33°; porosity coefficient - e = 0,65. The height of the working
bench is H =20 m.

To determine the effect of the slope angle of the working bench on the stability factor,
the sliding surfaces of a possible massif collapse for slope angles from 25° to 50° were depicted
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in AutoCAD using graphical constructions, and all the necessary parameters were determined.
For the given properties of sand, the depth of the sliding surface was Hgo=0,44 m, and the angle
between the direction of the main stress and the elementary sliding surfaces was n=28°30'".

According to formula (3), the stability coefficients of the working slope Kst were
calculated for all studied values of the slope angles of quartz sands (according to the method of
G.L. Fisenko).

Similar studies of the influence of the slope angle on the value of the stability coefficient
were carried out in the Rocscience Slide software package using the method of limiting
equilibrium. For each value of the slope angle, the critical sliding surfaces with the lowest value
of the stability coefficient were obtained. The most commonly used analysis methods are
Bishop, Janbu, and Spencer.

Based on the results of the calculations in Rocscience Slide and the method of graphical
constructions (Table 1), graphical dependences of the change in the stability coefficient of the
working bench on the angle of slope of quartz sands at the Sykhivske field were constructed
(Figure 1).

Table 1 — Values of the stability coefficient K for different methods of analysis
depending on the angle of slope of the bench o

Escarpment slope Values of the minimum stability factor Ks for different analysis
angle o, deg . _ methods
' Fisenko Bishop Janbu Spencer
25 1,686 1,576 1,540 1,575
30 1,383 1,300 1,267 1,297
35 1,16 1,098 1,066 1,093
40 1,001 0,938 0,908 0,933
45 0,88 0,813 0,783 0,809
50 0,786 0,708 0,678 0,702
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Figure 1 — Values of the slope stability coefficient Ks: depending on the slope angle of the
bench for different analysis methods
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Conclusions. The analysis of graphical dependencies shows that the nature of their
change is the same for both Slide analysis methods and the normative method of graphical
constructions (according to G.L. Fisenko). However, the method of graphical construction
provides higher values of the slope stability coefficient than the Slide analysis methods.
Compared to the Bishop and Spencer methods, the value of K is 6...11% higher, compared to
Janbu —9...14% when the slope angle changes from 25° to 50°, respectively. At the same time,
according to Bishop and Spencer, the graphs almost coincide, and the Janbu method provides
lower results of the stability coefficient values within 2...4%.
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AOCIIUKEHHA BIUIMBY KYTA YKOCY YCTYIIY KBAPHHOBOI'O IIICKY HA
KOE®INIEHT NOI'O CTIMKOCTI

AHoTauin: Ompumaro epaghiuni 3anedcHocmi 3mMiHU Koeiyienma cmitikocmi YCmyny
K8apyosux NicKié 6i0 Kyma pobouoco YCMyny 3 GUKOPUCAHHAM HOPMAMUBHO2O Memooy
epaghiunux noo6yoos i memooie epanuuroi pignosacu 8 Rocscience Slide. Bcmanosnerno, wo
xapaxkmep 3MiHu 2pa@iuHux 3anedcHocmetl KoegiyicHma cmiukocmi pobo4oeo ycmyny 6io
Kyma yKocy 00OHaKosuil sk 0711 Memooig ananizy 6 Rocscience Slide, max i ona nopmamuserozo
Memody epaghiunux no6yoos (3a I".JI. Dicenxom).

Bcmanoesneno giominnocmi 6 uucenvHux 3HaueHHAX Koepiyienma cmiukocmi yKocy, uo
PO3PAX08aHi MemMoOOM 2padiunux nooy0os, 3i 3Ha4eHHAMU, WO OMPUMAHI MEMOOaAMU AHANIZY
Bishop, Janbu i Spencer y npoepami Slide.

Yucenvhi 3HauenHs xoeghiyicHma cmiluKocmi, po3paxoeaui 3a Memooom 2paghiuHux
no6y008, € suwumu 3a memoou aunanisy 8 Slide. 3okpema, 3nauenns koegiyiecnmie cmitikocmi
Oinbwi Ha 6...11% nopieHAHO 3 IXHIMU 3HAYEHHAMU, OMPUMAHUMU MemoOoamu ananizy Bishop i
Spencer ina9...14% nopisnano 3i snauennamu Janbu 3a 3sminu kyma ykocy 3 25 0o 50 epaoycis.

KuiouoBi cioBa: kap'ep, keapyosuti nicok; podouuti ycmyn;, No8epxHs KOB3AHHS,
Koegiyienm cmilikocmi yKocy, memoo epagiunux no6yoos.
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