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IMPACT OF WATER SATURATION EFFECT ON SEDIMENTARY ROCKS
STRENGTH PROPERTIES

Purpose. To identify some regularities of reduction in strength of loamy soils and weak sedimentary rocks that are typical for
Western Donbas by water saturation condition for assessment of their stability in geotechnologies and forecasting geohazards.

Methodology. The paper presents two techniques of experimental testing for sedimentary rocks that allow determining their
strength properties under the condition of water saturation. Rock samples of sandstones, mudstones, and siltstones after artificial
saturation with mine water were tested on a KL 200/CE hydraulic press to determine the uniaxial compressive strength value. The
method for determining the physical-mechanical properties for soft loamy rock samples under different water saturation using
PS-10 single-plane shearing tester was used.

Findings. Based on the results of compression tests, strength characteristics are obtained for samples of sandstones, mudstones, and
siltstones, in particular, the values of uniaxial compression strength at various degrees of water saturation. Statistical processing of the
obtained experimental data was applied. A relative variation in the values of compressive strength was established for various rates of
water saturation; regression dependences of the strength loss for sedimentary rocks depending on the water content in rock samples were
plotted. The values of cohesion C and the angle of internal friction ¢ for soft loamy rocks are obtained depending on water saturation.

Originality. It was established that the relative variation of the uniaxial compressive strength increases with increasing water
content in sedimentary rock samples. The most intense decrease in the strength of sandstones, mudstones, and siltstones samples
occurs with increasing water content from 1 to 2 %. In a water-saturated state, the strength of some sedimentary rocks under con-
ditions of Western Donbas decreases by 1.5—2.5 times. The critical values of the strength properties of soft loamy rocks are estab-
lished depending on water saturation, at which deformation processes are initiated: for light yellow loess loams — C = 17 kPa and
¢ = 14°; for yellow-brown dense loams — C =29 kPa and ¢ = 17°.

Practical value. Correction coefficients for water saturation were obtained to determine the estimated physical and mechanical
characteristics of sedimentary rocks of Western Donbas, which allows predicting geomechanical processes in the rock mass and
determining the parameters of geomechanical systems. The obtained values of cohesion and angle of internal friction for loamy
rocks depending on water saturation allow predicting stable parameters of open-pit slopes and dumps.
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Introduction. Water saturation of rocks is a characteristic
that is determined by external environmental conditions, as
well as the size and nature of the rock porosity and its struc-
tural and textural features.

Besides, to eliminate the effects of moisture impact, the
determination of the physical and mechanical properties of
rocks is usually performed with air-dried samples. Therefore,
water saturation does not appear in the domestic classifica-
tions of the basic physical properties of rocks. In this regard,
the data focusing on uniaxial compressive strength under the
condition of natural water saturation in particular in Western
Donbas, are of special importance.

The effect of water saturation is different for various types
of rocks. For example, rocks with low porosity have, accord-
ingly, low moisture content. Since it does not exceed percent-
ages, it can be neglected for practical calculations. Weak rocks
can already have high water saturation, up to 15—20 %, but the
widest range of water saturation fluctuations is characteristic
for dispersed rocks. For such rocks, the effect of moistening on
strength properties becomes significant, and therefore it must
be taken into consideration.

Establishing the physical and mechanical properties of
rocks, and studying their changes when moistened directly in
the rock mass is almost impossible in situ, so the studies are
usually performed in the laboratory when moistening samples
with mine water.
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For soft sedimentary rocks, in particular loess soils, loams
and clays, the water saturation of the massif significantly affects
their physical and mechanical properties, which is important in
particular for technologies of surface mining, civil and industrial
construction, and assessment of geodynamic phenomena of
lithosphere surface layers. The most applied aspect in these ar-
eas is the forecast of stability and landslide hazard of natural and
man-made slopes by water saturation of soils and loams due to
the influence of groundwaters or atmospheric precipitation.

Loess soils are fine-grained and wind-eroded sediments
which have homogeneous and highly porous structure. They
are mainly composed of fine sand and clay, with grain sizes
ranging from 0.005 to 0.05 mm. Due to high porosity and well-
developed vertical joints the water can easily flow inside the
soft soils and clays both vertically and horizontally that drasti-
cally reflects on their physical properties [1].

Soft cohesive rocks are characterized by plastic deforma-
tions, relatively low strength properties, and permeability, and
high moisture content. The presence of cracks and stratification
layers in such rocks is one of the favorable factors for intensifica-
tion of swelling processes in clay rocks resulted in getting plastic
state, accompanied by the occurrence of contact landslides.

Taking the above mentioned into consideration, the as-
sessment of the impact of water saturation of sedimentary
rocks on their physical and mechanical characteristics is a
sphere of important and applied interest.

Literature review. Many scientific papers are devoted to the
study on water saturation of rocks and the influence of mois-
ture effect on the rock mass strength properties due to the ap-
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plied significance of this problem for mining technologies,
industrial and civil construction engineering.

In general, the strength parameters of rocks often show a
tendency to decrease with increasing water saturation. Accu-
rate estimation of rock strength parameters is of great impor-
tance in many engineering practices, especially for assessment
of underground structures stability in soft rocks. Determining
the strength of a rock mass is one of the main problems in geo-
mechanical studies. The method for determining the strength
of rocks depending on the structure and texture of the rock
mass based on the statistical strength theory, presented in [2],
can be significantly improved by taking into account the influ-
ence of moisture saturation.

Due to the considerable variations of texture, lithology,
and other factors the extent of water saturation effect is highly
varied among different rock types, spanning from nearly negli-
gible in quartzite to 90 % of uniaxial compressive strength re-
duction in shale [3]. The term “other factors” includes, for
example, temperature, thus in [4] research of water saturation
effect has been conducted in cold climates where the tempera-
ture of the soil and rocks near the earth’s surface often falls
below the water freezing point. The properties of rocks in the
air-dry state, moisture-saturated state, and partially saturated
were studied and the presence of water in the rock has resulted
in a marked increase in rock strength. Therefore, this remark-
able result is not applicable to draw any conclusions about the
influence of moisture on the strength and deformation proper-
ties of rocks under conditions of Ukrainian coal mines.

In [5] the elastic properties of rocks of diamond deposits in
Yakutia (Russia) were investigated. The rock samples of lime-
stone and siltstone in the air-dry and wet state were tested for
uniaxial compression. Experimental regularities of changes in
the elastic properties of rock samples with a change in their
state, characterized by the amount of excess (compared to the
air-dry state) moisture in the sample were established. How-
ever, such an important characteristic as the uniaxial compres-
sive strength has been overlooked.

The effect of water saturation on the mechanical properties
of low-permeability rocks was studied in [6]. A series of uniaxial
compression strength tests were conducted on siltstone samples
under different water saturation levels, and the water degrada-
tion effects on the mechanical properties were observed. A neg-
ative exponential relationship for siltstone was established be-
tween the uniaxial compressive strength and the water satura-
tion level. In [7] to investigate the water-weakening effects on
mechanical behavior and reveal the weakening mechanisms for
different types of hard rocks of China mines, a series of uniaxial
compression tests were carried out on sandstone, granite, and
marble samples in dried and water-saturated states. It was spec-
ified that the weakening degree varies with rock type: the me-
chanical properties of the sandstone are the most susceptible to
water, followed by the granite and the marble.

These results were taken into consideration for verification
of findings in the given paper.

Physical and mechanical properties of loess soils also vary
depending on the origin and moisture saturation. Disasters of
geological origin and landslides are caused by structural prop-
erties of loamy rocks [8].

In [9], the dependencies of specific cohesion and internal
friction angle on external loads on the soil were established,
which allows improving the method for calculating the strength
properties of the soil from the average pressure on the soil un-
der the foundation base. However, the study does not take into
consideration the potential effect of moisture saturation of
soils or soft rocks on their strength properties.

The paper [10] deals with the analysis of water-saturated
rocks strength properties, which allows determining the criti-
cal load on the surface of slopes, trenches, and ditches, as well
as other excavations in soils and rocks. But the authors do not
show how the water saturation of soils affects the slope stabil-
ity safety factor.

In loess massifs, the soils are partially in a state of plastic
flow due to water oversaturation, which can lead to the failure
of buildings and structures foundations [11]. The phenome-
non of water oversaturation in soils due groundwater impact or
atmospheric precipitation is associated with effects of soil mi-
crostructure and soil suction that causes the decrease of shear
strength properties and stability of loess soils [12].

Wetting of the upper layers of sedimentary rocks, in par-
ticular loams and sands, significantly reduces the efficiency of
open-pit mining technology [13]. In such mining and geologi-
cal conditions, the most environmentally efficient technologi-
cal scheme of open pit development is a scheme using a hydro-
mechanical method of mineral development.

A brief analysis of recent publications on the topic of rocks
water saturation concerning their physical and mechanical
characteristics shows the importance of this problem in both
scientific and applied aspects.

Unsolved aspects of the problem. The analysis of recent re-
search shows that a lot of scientific publications both in our
country and abroad are devoted to the study on the influence of
moisture on the strength and deformation properties of coal and
rocks. However, most studies have been focused on the prob-
lems of hydrocarbon development in deep mines or regarding
mine rocks typical to the mines of Central Donbas (Ukraine),
Kuzbass (Russia), and China and therefore the results cannot be
fully applied for solving the problems of stability of coal mine
excavations in Western Donbas. Quantitative estimation of the
influence of moisture saturation on the decrease in strength of
weak rocks is an important component for developing the sto-
chastic model of strength. Such a model is the basis of mathe-
matical modeling of stress-strain state of rock mass using the fi-
nite element analysis to ensure the stability of mine excavations
under specific mining and geological conditions [14].

For soft rocks and loams, the determination of cohesion
and internal friction angle under conditions of moisture satura-
tion is the initial stage for engineering assessment of the stress-
strain state of the rock mass for the forecasting dangerous geo-
dynamic phenomena. Despite a large number of studies on the
influence of hydrogeological factors on the rock mass, labora-
tory determination of the strength of loamy rocks in a wide
range of water saturation remains an important research task.

Purpose. Taking into consideration the analysis of recent
studies and publications, the paper objective is an identifica-
tion of regularities of reduction in strength of loamy soils and
weak sedimentary rocks that are typical for Western Donbas by
water saturation condition for assessment of their stability in
geotechnologies and forecasting geohazards.

The tasks of the paper are as follows:

1. To conduct a series of compression tests with the sam-
ples of sandstones, siltstones, and mudstones under condi-
tions of variable water saturation and determine the statistical
characteristics of uniaxial compressive strength values.

2. To establish regularities of uniaxial compressive strength
change depending on the degree of water saturation.

3. To perform laboratory tests with the samples of soft
loamy rocks under conditions of variable water saturation and
determine cohesion and internal friction angle values.

4. To build prognostic models of changes in soil strength
characteristics depending on the degree of moisture saturation.

Methods for determining the effect of water saturation on
the uniaxial compression strength of sedimentary rock. The
specimens of sandstones, siltstones, and mudstones from Sa-
maraska coal mine of DTEK Pavlohradvuhillia were tested.
Two types of specimens were made using a TCM 350 stone
cutting machine by SOLGA DIAMANT (Spain). The pris-
matic specimens (with a square cross-section) were made of
fragments of rocks and cylindrical samples (with a circular
cross-section) were obtained from cores.

The water content rate of rock samples was determined by
comparing the weight of the samples in a water-saturated state
and after drying.
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Samples preparation for testing in the water-saturated state
was performed as follows:

1. The samples were weighed and then submerged into a
container with mine water.

2. The saturation process lasted for 10—50 minutes to ob-
tain a different water content rate.

3. To determine the ability of the samples to “soak” two sam-
ples of each type of rock were immersed into water for 24 hours.

To determine the water content rate of a specimen group
that was immersed in water for the same time, one sample was
selected. This sample was weighed in a closed container. Then
the container was opened and placed in a heated muffle furnace.
The sample was dried at temperature 7= 100 °C. After drying the
sample was cooled to room temperature and weighed again.

The water content rate of the rock sample (W, %) was de-
fined as the ratio of the weight of water that was removed from the
rock by drying to the weight of dry rock according to the formula

W:M.]OO%’ (1)
My =y

where my, is the weight of moisture rock with container and
lid; m is the mass of the dried rock with the container and the
lid; m, is the weight of the empty container with the lid.

After determining the water content rate, samples of the
same rate of water saturation were tested using the hydraulic
machine KL 200/CE by TECNOTEST (Italy). To conduct
the uniaxial compression strength test, the samples were load-
ed uniformly to failure at a rate of 2 MPa/s. The test results
were recorded in the log of the experiment and the main statis-
tical characteristics were obtained for each group of samples.

Methods for determining the effect of water saturation on
the strength properties of soft loams. The values of cohesion C
and the angle of internal friction ¢ are parameters of the de-
pendence of soil resistance to a shearing force, which are nec-
essary for engineering calculations of strength and stability of
soil and soft overburden rocks, as well as their pressure on
foundations and structures.

The resistance of soft rocks and soils to shearing force is
expressed by the Mohr-Coulomb equation

t=otgop+C, )

where t is limit shearing stress; o is normal stress; ¢ is the an-
gle of internal friction; C is cohesion.

To determine the strength properties of loams, the portable
tester PS-10 with single-plane shear was used. This tester is de-
signed for field and stationary tests for clay and organic-mineral
soils to determine the angle of internal friction and cohesion
values. The method of laboratory tests is regulated by Ukrainian
standard DSTU B B.2.1-4-96 “Rocks. Methods of laboratory
determination of strength and deformation characteristics”.

Monolithic samples of rocks with intact structure and natu-
ral water saturation were taken at different sites of the open-pit of
Vilnohirsk Mining and Metallurgical Plant (Vilnohirsk,
Ukraine) to perform a series of shearing tests. Samples of the
upper overburden, represented by light-yellow loess loams and
yellow-brown dense loams, were taken at the sites where the soft
sedimentary rocks were outcropped due to stripping operations
or undergone landslide processes. In order to preserve the natu-
ral moisture, plastic bags were used for packing rock samples.

Tests of loam samples to determine their physical and me-
chanical characteristics were performed in the laboratory on a
single-plane shear tester PS-10 at normal loads of 0.1, 0.2, and
0.3 MPa. The following characteristics were determined: shear
strength t, internal friction angle ¢ and specific cohesion C. To
determine the shear strength, the samples taken by compres-
sion sleeves in the form of a cylinder with a diameter of 56 mm
and a height of 20 mm, were used. The tests were performed
without water saturation based on the natural moisture of the
samples, as well as with water saturation and gradual drying
and further determination of strength parameters.

The tangential and normal stresses T and ¢ were deter-
mined from the values of the tangential and normal loads mea-
sured during the tests. The study on the dependences of the
strength properties of loams on the degree of their water satura-
tion was carried out using a moisture meter KERN MLB [15].

Results of laboratory tests for hard sedimentary rocks. Ac-
cording to experimental studies the specimens of sandstones do
not get soaked in water regardless of the moisturizing time. Mud-
stones and siltstones at high moisture for 5—10 hours get soaked
and crumble into small pieces (completely lose the strength).
This result can be used in the study on the geomechanical situa-
tion that arises when closing coal mines by flooding.

In the framework of these studies, it is important to estab-
lish the dependence of natural moisture on rock strength.
‘When analyzing the laboratory test results, it is clear that sand-
stones lose about 5—7 % of strength with increasing water con-
tent rate from 1 to 5 %, siltstones lose about 15—30 % of
strength, and mudstones — 40—60 %. The results of the statis-
tical processing of the experimental data are given in Ta-
bles 1—3 and visualized on the diagram (Fig. 1).

The analysis of the diagram (Fig. 1) shows that all types of
sedimentary rocks, which were studied, decrease their strength
during water saturation. The most intense decrease in strength
is observed when the water content increases from W=1to2 %.

As a result of the statistical analysis of experimental data,
the regression dependences of water content rate on strength
of sedimentary rock of Western Donbas coal mines were es-
tablished. These dependencies are represented in Fig. 2.

Therefore, the loss of strength of the rock sample regarding
water saturation can be calculated by the following empirical
formulas. For sandstones

/G = —0.043 In (W) + 0.9655 = K, 3)

for siltstones

Table 1

Sandstones sample statistics for uniaxial compressive strength
depending on the water content

W, 1% 0-1%|1-2%|2-3% |3-4% |4-5%
Mean value (o), MPa | 50.39 | 48.68 | 48.11 | 47.08 | 46.36
Variance 60.29 | 62.11 | 78.03 | 84.00 | 92.81
Standard deviation 7.76 7.88 8.83 9.16 9.63
Variation 0.15 0.16 0.18 0.19 0.21
Table 2

Siltstones sample statistics for uniaxial compressive strength
depending on the water content

W, % 0-1%|1-2%|2-3% |3-4% |4-5%
Mean value (c.), MPa | 25.22 | 20.61 | 18.90 | 17.53 | 16.47
Variance 38.16 | 35.73 | 38.59 | 31.85 | 32.12
Standard deviation 6.17 5.97 6.21 5.64 5.66
Variation 024 | 029 | 0.33 032 | 0.35
Table 3

Mudstones sample statistics for uniaxial compressive strength
depending on the water content

W, % 0-1%|1-2%|2-3% |3-4% |4-5%
Mean value (c.), MPa | 23.89 | 17.76 | 15.18 | 12.82 | 10.59
Variance 19.51 | 20.60 | 18.13 17.12 | 14.67
Standard deviation 4.42 4.53 4.25 4.13 3.83
Variation 0.18 0.25 0.28 0.32 0.36
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Fig. 1. Dependencies of uniaxial compressive strength for sand-
stones, siltstones, and mudstones on water saturation

G y/Omax = —0.106 In (W) + 0.7863 = Ky, 4)
for mudstones
O/Omax = 0.973 - e ¢V = K, .. (5)

where oy;is uniaxial compressive strength at water content rate W
(%); 6may is uniaxial compressive strength of the air-dried sample.

The numerical factors that allow adjusting properties of
rock samples to the properties of rock mass under natural con-
ditions “in situ” are very important in geomechanics. Based
on the obtained regression dependences (3—5), such factors
for sedimentary rocks of Western Donbas can be denoted as
the water content coefficient (Kj;), where i = 1 for sandstones,
i =2 for siltstones and 7/ = 3 for mudstones.

Results of laboratory tests for soft rocks. The values of co-
hesion and internal friction angles were obtained via the labo-
ratory tests for soft rocks. Some physical characteristics of
loamy rocks, defined by DSTU BV. 2.1-3-96 “Foundations of
buildings and structures. Soils. Laboratory tests” are presented
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Fig. 2. The regression dependences of strength decrease for se-
dimentary rocks:

a — sandstones; b — siltstones; ¢ — mudstones

in Table 4. Porosity for light-yellow loess loams and yellow-
brown dense loams is 41.0 and 39.6 % respectively.

To prepare soil samples at given moisture saturation, the
loamy rocks were first soaked up to full water saturation, then
gradually dried in a muffle furnace at r = 100—105 °C. The
degree of water saturation in the samples was tested using a
KERN MLB moisture meter [16]. It was established that in
half an hour of drying the sample loses approximately 4—5 %
of the initial water saturation, which allowed preparing the re-
quired number of samples of loams of given moisture for their
testing in a shearing tester PS-10.

The prepared samples with different values of water satura-
tion were subjected to shear tests according to the above-de-
scribed technique, resulting in a relationship between the nor-
mal loads applied to the sample and its shear resistance. Fig. 3
presents the results of testing samples of loamy rocks under
shearing loads with dependencies of cohesion and internal
friction angle values on the water saturation of the samples.

For light-yellow loams, the strength properties by water
saturation are reduced by the following dependences: for co-
hesion y = 0.028x? — 2.419x + 53.682 (R*>=0.995) and for inter-
nal friction angle y = 0.017x2 — 1.317x + 33.320 (R*=0.997). At
experimentally set water saturation values W'=9.6—29.5 % the
values of cohesion and internal friction angle vary in the ran-
ges C=6.0—-23.9 kPaand ¢ =9.2-22.4".

For yellow-brown dense loams, the decrease in strength
properties from water saturation is described by polynomials:

Table 4
Physical characteristics of soft rock samples

Averaged values of water saturation of
Soft Unit loams
sedimentary | weight p, natural | 7 the verge | on the verge
rocks g/em’ W% of rolling of fluidity
7 W, % W, %
Light-yellow | 1.55—1.62 10.6 19.23 28.35
loess loams
Yellow-brown | 1.60—1.75 11.8 21.54 30.79
dense loams
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Fig. 3. Dependencies of cohesion and internal friction angle for

light-yellow loess loams (a) and yellow-brown dense loams
(b) on water saturation
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for cohesion y = 0.104x% - 6.507x + 119.502 (R?=0.996) and for
internal friction angle y = 0.051x*> — 2.976x + 56.053 (R® =
=0.986). At a given range of water saturation W'=9.6—29.5 %
the values of cohesion and internal friction angle vary in the
ranges C = 17.0—68.0 kPa and ¢ = 12.0—33.0°.

The average values of soil moisture at the rolling limit
correspond to the stage of transition of the soft loamy rock
mass to the plastic state. At open-pit mining sites, such a
change in soft rock properties causes a decrease in the geo-
mechanical strength of the rock massif and the initiation of
landslides in the slopes of the quarry. Thus, W, =19.23 % for
light-yellow loess loams and W), = 21.54 % for yellow-brown
dense loams correspond to the critical values of cohesion and
internal friction angle at the specified water saturation of
rocks. Thus, the critical values of strength properties at which
shear processes in the rock mass of soft sedimentary rocks are
initiated are established: for light-yellow loams: C = 17 kPa
and ¢ = 14°; and for yellow-brown dense loams, C = 29 kPa
and ¢ = 17°.

The obtained dependencies can be used in finite element
method software as initial data for geotechnical analysis of the
stability of various structures and technical objects in the pro-
cess of their construction and operation. In particular, reliable
values of cohesion and internal friction angle for soft sedimen-
tary rocks are important parameters for assessment of the sta-
bility of natural and man-made slopes to forecast their land-
slide hazard in changing geo-climatic conditions.

Conclusions. The water saturation ability of different gen-
esis sedimentary rocks has a great practical value in engineer-
ing practice. Correct determining of the compression strength
of hard sedimentary rocks allows developing adequate meth-
ods to control the stress-strain state of the rock mass during
underground mining.

The study of the strength properties of sedimentary rocks
(sandstones, siltstones, and mudstones) which are normal for
Western Donbas coal mines under the effect of water satura-
tion was conducted. The main results are as follows:

- moisturizing of sedimentary rocks leads to a decrease in
their strength properties. In the water-saturated state, the
strength of siltstones and mudstones in Western Donbas is re-
duced by 1.5—2.5 times concerning air-dry state;

- the relative variation of the uniaxial compressive strength,
that is the most important statistic characteristic for determin-
ing the structural factor [16], increases with increasing water
content in sedimentary rock samples;

- the influence of water saturation must be taken into ac-
count when forecasting geomechanical processes and deter-
mining the parameters of mining. Thus, the adjusting factors
between properties of rock sample and a rock mass “in situ”
under natural conditions that are obtained in the given study
are valuable for determining the values of the physical and me-
chanical properties of a rock mass.

The properties of such rocks as loams and clays largely de-
pend on the parameters of cohesion and internal friction an-
gle, whose values in changing geo-technological and hydro-
geological conditions vary widely depending on the water sat-
uration of the rock mass. These characteristics significantly
affect the geomechanical stability of slopes of open-pits and
dumps during surface mining.

Overwatering of loamy rocks and soils leads to deforma-
tions of open pit slopes with the emergence of local or large-
scale landslides, which negatively affect the technical and
economic performance of open-pit mining operations. Crit-
ical values of water saturation and strength properties of
loams, at which landslide processes start in the rock mass of
soft sedimentary rocks have been established. Thus, for
light-yellow loams, C = 17 kPa and ¢ = 14° at water satura-
tion W,=19.23 %, and for yellow-brown dense loams — C =
= 29 kPa and ¢ = 17°, W, = 21.54 % at water saturation
W, =21.54 %, that corresponds to the state of landslide ini-
tiation.
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Merta. BuszHauuTu Oesiki 3aKOHOMIPHOCTI 3HUXKEHHS
MILIHOCTi CYIJIMHUCTUX TPYHTIB i CJIaOKMX OCamOBUX IOPi,
xXapakTepHux st 3axinHoro {oHbacy, 3a yMOBU BOJIOHACH-
YEHHS I1J11 OLIHKY IX CTIKOCTI B TEOTEXHOJIOTISX i MPOTrHO3Y-
BaHHS T€OPU3UKIB.

Mertoauka. Y poOOTi onucaHi IBi METOIUKU €KCIIEPU-
MEHTaJTbHUX BUIPOOYBAHb OCAMOBUX TipCHKUX MOPIiM, 110
JIO3BOJISIIOTh BU3HAYUTU IX XapaKTePUCTUKM MII[HOCTI 3a
YMOBM BoJioroHacuueHHs. [lopoaHi 3pa3ku IMiCKOBUKIB,
apriIiTiB i aJeBPOIIITIB IiC/s IITYYHOrO HACUYEHHSI Iax-
THOI BOJOIO MMiAjaBajavcs BUIPOOYBAHHSIM Ha TiapaBiiu-
Homy nipeci KL 200/CE nnsg BU3HaueHHS MeXi MillTHOCTi
Ha OMHOBiCHE CTUCKAHHS. [IJIsT M’ IKUX CYTJTMHKOBUX TIOPifT
3aCTOCOBAHO METOJ BM3HaueHHs (i3MKO-MEeXaHI{YHUX Xa-
PaKTEPUCTUK 3 BUKOPUCTAHHSIM ONHOTUIOIIMHHOTO 3pi3-
Horo npuiaany I1C-10 3a pi3HOTro BoJIOrOHACUYEHHS 3pa3-
KiB.

PesyabraTu. 3a pesyabTaTaMu KOMIIPECiHHUX BUIIPOOY-
BaHb OTPUMAaHi MIlLIHICHI XapaKTepUCTUKH ISl 3pa3KiB TTic-
KOBUKIiB, aprijliTiB i aIeBpOJIiTiB, 30KpeMa 3HaYeHHS Mil[HOC-
Ti HA OMHOBICHE CTUCKAHHS TIPU Pi3HUX CTYTIEHSIX BOJIOTOHA-
CUYeHHs. BuKoHaHa cTaTucTUYHa 00poOKa OTPUMAaHUX €KC-
MeprMMeHTaIbHUX NaHUX. BcTaHOB/eHa BigHOCHaA Bapiallist
3HaYeHb MILIHOCTI HA CTUCKAHHS AJIs1 Pi3HUX CTYIEHiB BOJIO
HaCUYEHHS1, MOOyI0BaHi perpeciiiHi 3aJ1eXHOCTi BTpaTH Mill-
HOCTi OCaIOBMX MOPiJl Y 3aJI€XXHOCTI BiJl BOJIOTOCTi MacuBy.
Jns M’SIKUX CYTJIMHKOBMX TIOpil OTpUMaHi 3HauYeHHsS 34e-
muieHHs C i KyTa BHYTPillIHbOTO TEPTS @ Y 3aJI€XKHOCTI Bijl BO-
JIOTOHACUYEHHSI.

HaykoBa HoBu3Ha. BctaHOBNIEHO, 110 BiTHOCHA Bapia-
11ig MilTHOCTiI HAa OMHOOCHOBE CTUCKAHHS 30i1bIIyETHCS 31
30i7IbIIEHHSIM BMIiCTy BOAM Yy 3pa3KaX OCaJOBUX TMOPil.
Haii6inbpin iHTEeHCMBHE 3HUXXEHHS MIIlHOCTI 3pa3KiB ITic-
KOBUKIiB, apTUTiTiB i aJIeBPOJIITiB BilOYBa€eThCS MPU MiABU-
LeHHi BosorocTi Bix 1 mo 2 %. Y BomoHacH4YeHOMY CTaHi
MILIHICTh OcamoBUX Topia mist ymoB 3axigHoro oHb6acy
3HUXYETbCSA B 1,5—2,5 pasu. Hasg M’SIKUX CYTIMHKOBHUX
MOopia BCTAHOBJIEHI KPUTUYHI 3HAYEHHS MillHICHUX XapakK-
TEPUCTUK CYTJIMHKOBUX MOPiJ y 3aJIEXKHOCTI Bil BoJioroHa-
CUYEHHS, 32 IKUX aKTUBYIOThCS AedopMalliiiHi mpolecu:
IUISE CBIiTJIO-XXKOBTOTO JiecoBoro cyrnmuHky — C = 17 kIla i
¢ = 14°; i XoBTO-Oyporo MIUIBHOTO CyrIMHKY — C =
=29«kllaiop=17".

IpakTuna 3HagumicTb. OTpUMaHi TONPaBOYHI Koedilti-
€HTY BOJIOTOCTI 111 BUBHAYEHHSI PO3PaXyHKOBUX (hi3MKO-Me-
XaHIYHMX XapaKTePUCTUK OCaIOBUX mopin 3aximHoro JloH6a-
cy, 110 J03BOJISIE MPOTHO3YBaTH F'eOMEXaHiYHi IMPOLECH B MO-
pPOTHOMY MAacHBi i1 BU3HAYATH TTapaMeTPU CUCTEM PO3POOKU.
OTpuMaHi 3HaYEHHSI 34YETJICHHS i KyTa BHYTPIiLLIHbOTO TEPTSI
JUUIS1 CYTJIMHKOBUX TTOPiJT Y 3aJI€3KHOCTI BiJl BOJIOTOCTI TI03BOJISI-
I0Th TIPOTHO3YBATH CTiliKi MapaMeTpUu YKOCIiB Kap’€piB i Bia-
BaJIiB.

KimouoBi cioBa: 3axiduuii Jlonbac, ocadosi nopodu, 6oa0-
2OHACUYEHHS, Medca MiYHOCmI Ha 0OHOBICHe CMUCKAHHSA, KYM
BHYMPIUWHbO2O Mepmsl, 34eNnaeHHs Nopio
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eab. OnpenennTh HEKOTOPbIE 3aKOHOMEPHOCTU CHM-
JKEHMSI IIPOYHOCTH CYTJIMHMCTBIX ITOYB U CIA0BIX 0CaTOYHBIX
IOPOJI, XapaKTepHbIX M1 3ananHoro JoHbacca, B yCIOBUSIX
BOJOHACHIILIEHUS IS OLIEHKU X YCTOMYMBOCTH B T€OTEXHO-
JIOTUSIX Y TIPOTHO3MPOBAHUSI TEOPHCKOB.

Meroauka. B paboTe onucaHbl ABe METOIMKU IKCIIEPU-
MEHTAJIbHBIX UCIIBITAHUIA OCAIOYHBIX TOPHBIX ITOPOI, TIO3BO-
JIIOIIME OIPEICSIUTD MX TPOYHOCTHBIE XapaKTePUCTUKHU ITPU
YCJIOBUH BIIarOHACHIIIEHMs. ITopomHble 00pa3ibl IIeCUaH-
KOB, apTUJUTUTOB U aJICBPOJIMTOB IOCJIe NCKYCCTBEHHOTO Ha-
CHIILIEHMS IIAXTHOM BOMOI IOABEPrajiCh MCIBITAHUSAM Ha
runpasiandyeckoM npecce KL 200/CE st onpeneneHus mpe-
JIeJIa IIPOYHOCTY Ha OMHOOCEBOE cxXaTtue. JIJIst MIrKuX Cyrin-
HMCTBIX MIOPO IPUMEHEH METOJ onpeneeHrs hU3NKO-Me-
XaHUYECKUX XapaKTEPMCTUK C KCIIOJIb30BAHMEM OMHOILIO-
CcKOoCTHOTO cpe3Horo npubopa ITC-10 npu pa3jiuyHoM Bjia-
TOHACHIIIEHNH 00Pa3LIOB.

PesyabTatbl. [1o pe3yabraTaM KOMIIPECCMOHHBIX MCITHITA-
HUIA TTOJIyYEHBI IIPOYHOCTHBIE XapaKTEPUCTUKH /151 00pa3LoB
MeCYaHMKOB, apTWJIJIUTOB M aJIEBPOJIMTOB, B YACTHOCTH, 3Ha-
YEeHUS IIPOYHOCTH Ha OMHOOCHOE CXATKE IPU PAa3IUYHBIX CTe-
TEHSX BJIaroHachIIeHUs. BeImojiHeHa cTaTucTiyeckast oopa-
0OTKa IMOJIyYEHHBIX SKCIIEPUMEHTAIBLHBIX JAHHBIX. YCTaHOB-
JIeHa OTHOCUTEJTbHAS BapHaLvsI 3HAUCHMI IPOYHOCTH Ha CKa-
THE IUIST PA3IMYHBIX CTEIEHE BOMOHACKIILIEHUSI, TOCTPOEHBI
PETpeCCUOHHbBIE 3aBUCUMOCTH TTOTEPU TTPOYHOCTH OCATOYHBIX
OO, B 3aBUCUMOCTU OT BIaXHOCTH MaccuBa. JIJIst MSTKuX
CYTJIMHUCTBIX IIOPOJI, TTOJTYIeHBI 3HaUeHU cueruieHus C u yria
BHYTPEHHETO TPEHUS (0 B 3aBUCUMOCTH OT BJIATOHACHIIICHUSI.

Hayunas HoBM3HA. YCTAHOBJICHO, YTO OTHOCHUTETbHASI Ba-
puarys IPOYHOCTH Ha OJHOOCHOE CXaTHe YBEIUYMBACTCS C
YBEJIMYCHUEM COIEPXKAaHMS BOIBI B 00pasliaXx OCaIOYHBIX IO-
pon. Hanbosiee MHTEHCMBHOE CHMXKEHYE IPOYHOCTU 00Pa3LIOB
MMeCYaHNKOB, aPTUIIUTOB U aJIEBPOJIVTOB ITPOVCXOIUT IPH IO~
BBILIIEHWU BIaXHOCTU OT | 10 2 %. B BomoHAaChIIEHHOM CO-
CTOSTHUY TIPOYHOCTD OCAIOYHBIX TTOPOI LIS YCIIOBUI 3amaaHo-
ro Jlon6acca cHukaetcs B 1,5—2,5 pasa. 151 MITKUX CyTJIMHU-
CTBIX TIOPOJ YCTAaHOBJICHBI KPUTUUYECKHE 3HAYCHUS TIPOYHOCT-
HBIX CBOVICTB B 3aBUCHMMOCTH OT BJIarOHACHIILICHUS, TIPY KOTO-
PBIX aKTUBUPYIOTCS Te(POPMAIIMOHHBIE TTPOLIECCHI: IS CBETIIO-
xkenToro JieccoBoro cyrmmHka — C = 17 klla u ¢ = 14°; s
KeNTo-0yporo TiotHoro cyrmmHka — C=29 k[laun ¢ = 17°.

IIpakTyeckas 3HauMMocTh. [1oTydeHbI MOMpaBOYHbIE KO-
5 GULIMEHTHI BIAXHOCTH [UIS ONIPeNeIEHUST pACUETHBIX (D1~
3UKO-MEXaHUYECKMX XapaKTePHUCTUK OCAIOYHBIX Mopoia 3a-
rmagHoro JloHGacca, 4To IO3BOJISIET IIPOrHO3MPOBATL TEOME-
XaHMYEeCKHUe MPOILECChl B IIOPOIHOM MAacCHBE M ONpENeisTh
rapaMeTphl cucTeM pa3paboTku. [1omydeHHbIEe 3HAYEHUS CLIE-
IJICHMSI U YIJIa BHYTPEHHETO TPEHUSI IS CYTTIMHUCTBIX TIOPOJT,
B 3aBHCHMOCTH OT BJIaXKHOCTH ITO3BOJISIIOT IIPOrHO3MPOBATH
YCTOMYMBBIE ITApaMeTPhl OTKOCOB KapbePOB 1 OTBAJIOB.

Kimouessie ciioBa: 3anaousiii Jlonbacce, ocadourwvie nopoos,
8aaeoHACbIWeHUe, npedel NPOHHOCMU HA 00HOOCHOe clcamue,
Yeon HympeHHe20 MPerusl, CleneHue nopoo
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