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Purpose. The influence of the moisture on the physical and mechanical properties of rock is evaluated by the experimental
research in the laboratory.

Methodology. Laboratory studies of a coefficient of moisture capacity of the rock, determination of strain characteristics and
strength, identification of the modulus of deformation and Poisson’s ratio, statistical data processing based on correlation-regres-
sion analysis.

Findings. According to the laboratory studies, the dependence diagrams of the normal stresses from deformations for dry and
wet rock samples were obtained. The correlation of stress limit on compression, modulus of elasticity and the coefficient of lateral
deformation from the moisture content of the rock were obtained. In the course of the experiment, on the average, differences of
mechanical characteristics of dry and wet states of the sandstone were established: stress limit on compressive is decreased almost
twice; the modulus of elasticity is reduced by 4 times; the coefficient of lateral deformation is increased by 2.3 times.

Originality. The empirical dependences of mechanical properties from gravimetric moisture capacity of the sandstone sample
were determined on the basis of the experiments in the laboratory. The regression power function was obtained for stress limit and
modulus of elasticity, and for the coefficient of lateral deformation it was logarithmic. The coefficient of lateral deformation at the
time of the destruction of some wet samples exceeded theoretically acceptable value of 0.5.

Practical value. Obtained results can be applied in mathematical or numerical modeling of stress-strain state of the rock given
consideration to the importance of the study of the influence of moisture on physical and mechanical markers and properties of
rocks. It is possible to control stress-strain state around the roadways using the methods and the means of dewatering or hydro
saturation as to coal seams and rocks.

Keywords: sandstone, rocks, physical and mechanical characteristics, deformation, stress, modulus of elasticity, coefficient of lateral

deformation

Introduction. The stability of the rocks around the excava-
tion and preparation workings is affected by the stress-strain
state of the massif. Physical-mechanical properties perform a
special influence on the formation of stress-deformed state of
rocks around preparation workings. Change in these charac-
teristics of the rocks makes it possible to control the stress-
strain state of the massif. These physical and mechanical pa-
rameters are changed under the influence of external factors.
One of these involves liquid and surface-active materials.

The saturation of the rocks with water contributes to their
destruction at significantly reduced stresses than in the dry
state. The reason for this is the penetration of the moisture
into the smallest pores and queres, and in this case the water,
under the influence of external pressure, tends to spread
throughout the massif. Thus, water breaks the bond between
the particles, widens the cracks and prevents them from clos-
ing. Moisture reduces the amount of surface energy of the
solid. In this context the stresses are reduced which are neces-
sary to break the bonds between atoms in the tip of a crack.
The question of the influence the moisture of on the parame-
ters of physical and mechanical properties of rocks is topical
problem for today.

Literature review. The author [1] analyzed the literature on
studies of the effect of mechanochemical effects on the filtra-
tion-capacitance and physico-mechanical properties of reser-
voir rocks. It is analyzed that at present the manifestation of
mechanochemical effects in the field development has not
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been studied enough, or they concern clay rocks. Therefore, a
wide range of different laboratory tests is needed, as well as the
development of a mathematical model that would describe
processes taking into account common geomechanical, geo-
chemical and hydromechanical modeling.

Analysis of modern research studies on the influence of
moisture on physical and mechanical properties of rocks showed
that the fluid saturation affects the elasticity of rocks significant-
ly. It has been found that prolonged moisture saturation signifi-
cantly reduces the compression resistance. It is also proved that
rocks water saturation has a greater variation of the average
numbers of the coefficients of variation than in the dry state [2].

Authors [3] proposed a technique for the study of the na-
ture of gas and water saturation of reservoir rocks in wells,
where according to industrial-geophysical studies, geological
observations during drilling and geological and technological
studies, depth intervals with uncertain nature of fluid satura-
tion are identified. Methodical methods for determination of
absolute gas permeability, open porosity, effective porosity,
phase gas permeability, gas saturation coefficient, as well as
limit value of water saturation at which phase gas permeability
is absent on the samples of sludge selected from such intervals,
are developed. The results of research studies are presented
about a determination of filtration-capacitance properties of
sludge collectors on sludge samples, selected from intervals of
depth of occurrence of thin-bedded sandy-clay thicknesses of
neogene. The described method opens wide prospects in the
justification of fluid saturation of reservoirs in cases when the
methods of geophysical study of wells do not allow assessing
the nature of their saturation exactly.
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Foreign studies [4, 5] also concern the physical and me-
chanical characteristics of rocks. In work [4], the authors car-
ried out a study on variation of loading speed with uniaxial
compression using samples of Sanjome andesite under differ-
ent conditions of water saturation and strength increase with a
tenfold increase in loading speed. Test results showed that the
strength increases with decreasing water saturation. Testing of
materials [5] included the hardness test on the compression
and tensile on standard cylindrical specimens. Physical prop-
erties, such as fragility, are the main factors governing the for-
mation of elastic and plastic zones. In general, the process of
simulation and propagation of the crack and curve of force
penetration of the indentation are simulated by numerical
model. The performances are consistent with those which are
observed in laboratory tests. In this study, the authors try to
investigate the initiation and the propagation of cracks, as well
as the generation of microcracks in the process of splitting and
cutting with the Drucker-Prager strength criterion. The modes
of rocks destruction of the numerical model are closely consis-
tent with the results which are observed in laboratory tests.

The authors B. Vasarhelyi, M. Davarpanah [6] concluded
that some mechanical parameters of rocks depend on the de-
gree of saturation from water, but not the least dependence is
conditioned by the composition of the rock itself. In the work
[7], the studies concern the effect of initial damage on the
strength and other mechanical properties and their changes
from the nature of microcracks.

The author of [8], based on the experimental data, be-
lieves that the change of rocks elastic properties, due to the
degree of humidity, is essentially nonlinear. At low levels of
water saturation, the elastic properties show a rather rapid
change — a decrease in Young’s modulus and an increase in
Poisson’s ratio.

Article [9] presents the results of testing of the mechanical
properties and pore structure of coal samples with different
values of holding time in distilled water. Coal is obtained on
the work surface where the explosion occurred. Exposure time
changes the mechanical characteristics of the samples; this ef-
fect depends on the size (centimeter to nanometer). The re-
sults of numerical simulations and on-site tests in the coal
mine have shown that pumping water can effectively soften the
coal seam and relieve or transmit stresses. As the duration of
the moisture action increases, the tension gradually decreases
or redistributes. When the action time is 30 hours, the stress
concentration in the area of action disappears and the stress in
the plastic deformation zone decreases significantly.

The authors of the article [10] conducted an acoustic
analysis of the destruction of rocks which are found in satu-
rated and dry conditions in laboratory conditions. The cor-
relation between water condition and acoustic emission sig-
nal is considered. A statistical dependence was observed be-
tween the amplitude buildup time and the average frequency,
which shows that the characteristics of the cracks have a de-
pendence on the presence or absence of the moisture. This
method provides a new way of exploring the characteristics of
rock massif disturbance and identifying patterns of distur-
bance.

Purpose. The purpose of the research is to evaluate the in-
fluence of moisture on the physical and mechanical properties
of rock in laboratory conditions.

In order to achieve this, it is necessary to perform labora-
tory tests so as to determine:

- the coefficient of weight moisture of rock;

- mechanical characteristics of sandstone samples, taking
into account the influence of moisture;

- conducting statistical processing of the obtained data us-
ing correlation-regression analysis.

Results. This article presents the results of laboratory stud-
ies of the influence of moisture on the physical and mechani-
cal properties of sandstone LS/, of the “Kapitalna” mine of
the State Enterprise “Myrnohradvuhillia” Donetsk coal basin.

The parameters of physical and mechanical characteristics for
the dry and wet object of study are determined.

Cubic samples in size of 50 x 50 x 50 mm in the quantity of
11 pieces were prepared from the pieces of irregular sandstone
with the help of stonecutter, with the value of total porosity
equal to 4.68 %. Cubic shape samples were tested in a dry and
saturated compression state using a P-50 hydraulic press with
a maximum load of 50 tons. The measurement of longitudinal
and transverse displacements was carried out by clock-type in-
dicators, with a split price of 0.01 mm. The entire process of
loading and indication of the sensors was recorded on video.
This made it possible to determine the deformation parame-
ters at any time of the load on the research object.

The samples were dried in ovens at 120 °C. The moisture
content of the samples was determined by the difference be-
tween the mass of the saturated and the dry to the weight of the
dry sample. The dried samples were weighed on a weighing
scale to the nearest 0.01 g, then placed in distilled water under
a desiccator and connected to the compressor. Through this
process forced extraction of gas mixture out of the sandstone
pores takes place. The test data is presented in graphical form
in Figs. 1—11.

Figs. 1, 2 show the load diagrams of dry (1) and wet (2)
samples, the compression strength of which is 57.8 and
13.92 MPa, respectively this is a decrease by almost 4 times in
this case.

When the dry sample is loaded, brittle fracture occurs,
plastic deformation is observed for wet specimens, when it is
increased, the stress is almost unchanged, but it decreases ap-
proximately twice compared to the tensile strength itself.

Figs. 3, 4 show a diagram of the change in the linear pa-
rameters of the object during loading: for dry and wet respec-
tively.
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The value of the transverse deformation of the dried sam-
ple does not exceed 10 % of the longitudinal one, and the value
of the coefficient of transverse deformation does not exceed
0.12 — this is a characteristic of elastic deformation (Fig. 5, a).
The lateral deformation for wet sample during its destruction
is 0.38, this exceeds the longitudinal one, the value of the coef-
ficient can increase by more than 0.5, and in some cases by
more than 1.0 (Fig. 5, b). Such deformation is plastic.

The coeflicient of transverse deformation (Fig. 6), at the
time of the beginning of destruction (at maximum stress) of
dry rock was 0.12, and for wet rock it equals 0.38 (Fig. 7). It
increases by 3 times.

The graphs in Figs. 6, 7 and 9 are constructed to determine
the parameters of sandstone characteristics at maximum load.

Young’s modulus of dry sandstone (Fig. 8, @) is increased
(like a half-wave) — this can be characterized as compacting of
the sample, and the wet sandstone begins to decrease in the
form of a damping wave (Fig. 8, b). That is, this process of
changing of the modulus of elasticity during loading of the wet
sample has a wave attenuation character. In both cases, the
initial value of the modulus of elasticity as the initial peak is
observed.

Young’s modulus at maximum stress is equal to the dry
sample of 0.96 GPa (Fig. 9, a), for the wet one — 0.19 GPa
(Fig. 9, b). Thus, till the moment of destruction for the dry
sandstone modulus of elasticity increases its value, and for the
wet sandstone, on the contrary — decreases. In this case the
elastic modulus is reduced by 5 times.

Therefore, the saturation of sandstone with moisture influ-
ences its physical and mechanical properties and changes the
deformation of elastic-fragile to elastic-plastic (Figs. 10, 11).

Destroyed dry sample after brittle fracture has left its cubic
shape, and the wet sample has significantly deformed from the
original shape.
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After studying the mechanical properties of dry and wet
cubic models, empirical dependencies were obtained: the
compressive strength, Young’s modulus, and the transverse
deformation coefficient from their moisture capacity (Figs. 12,
14, 16).

Dependence of stress limit on compression from the
moisture content of the sandstone has the form of a power
function

o (w) =-27.6426 - w*433 + 56.0057, (1)

or

G
— __co ,,,04333
()= 0, ~ %,
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where o, is the stress limit of the dry sample of the compres-
sion of rock, MPa

The dependence of the modulus of elasticity on the mois-
ture content is

E(w) =—-0.8289 - w0485 1 1.4686, 2)
or
E(w)=E,—0.56 - w048,
where E, is the modulus of elasticity of dry sample of
rock, GPa.
Dependences of the coefficient of transverse deformation

on the moisture content for this sandstone has the form of a
logarithmic function

p(w) =0.6533 - In(w + 5.2728) — 0.8858. 3)
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Fig. 11. Photo of the destroyed wet sample
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Table
Parameters of correlation-regression analysis

Parameters c.(w) E(w) n(w)
Coefficient of correlation for 0.5224 0.5779 0.5409
linear dependence
Coeflicient of determination 0.5406 0.5946 0.5677
for nonlinear dependence
The minimum value 8.71 MPa | 0.12 GPa 0.13
The maximum value 56.96 MPa | 1.52GPa | 0.57
Average value 24.88 MPa | 0.52 GPa 0.35
Asymmetry 1.6694 1.6640 1.3033
Excess 0.0532 0.1302 | —1.1708

The correlation parameters of the three functions listed
above are summarized in Table.

Conclusions. As a result of laboratory tests, the following
results were obtained:

1. Mechanical properties under moistening of the sand-
stone, the moisture content of which reaches a range of 2—3 %,
have the following average values:

- stress limit on compression is reduced by almost 2 times;

- the modulus of elasticity is decreased by 4 times;

- the coefficient of lateral deformation is increased by
2.3 times.

2. The empirical dependencies are obtained: stress limits
on compression, modulus of elasticity and transverse defor-
mation coefficient from their moisture content with the lowest
determination coefficient 0.54. In contrast to the linear depen-
dence, the nonlinear dependence is obtained which character-
izes a closer link.

As a corollary to this, it should be noted that the ob-
tained data of the mechanical properties of the sandstone
under the influence of the moisture, can be taken into ac-
count in the mathematical modeling of the stress-deformed
state of the massif, in particular for sandstones, in the con-
ditions of SU “Kapitalna” Mine Myrnohradvuhillia” Do-
netsk coal basin.
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Mera. OuiHuTu B 1a60OpPaTOPHUX YMOBAX BILIUB BOJIOTH
Ha (Pi3MKO-MeXaHiuHi BJIaCTUBOCTI IpCbKOI MOPOIU.

Metoauka. JlabopaTtopHe OOCHiIXEHHS KoedilieHTa
BaroBoi BOJIOTOEMHOCTI TipChKOI MOPOIM, BU3HAYEHHS B
JIabopaTOpHUX yMOBax AedopMaliiiHUX XapaKTepUCTUK i
MILIHOCTi, BCTAHOBJIEHHSI MoayJist nedopmaitii it koedili-
€HTa moriepevyHoi nedopmallii, craTucTudyHa odOpodKa na-
HUX 3 BUKOPUCTAHHSIM KOPEJSLiiHO-perpeciiHoro aHa-
J1i3y.

Pe3syabraTi. 3a naHMMu J1ab0paTOpHUX BUIIPOOYBaHb
noOynoBaHi rpadiku 3ajexXHOCTeld HOpMaJbHUX Hampy-
JKeHb Bil nedbopMalliil 1si CyXoro i BOJIOToro 3paskis Tip-
CbKOI TIOpOIM BiAmoBimHO. OTpuMaHa KOPEJNSIisT MexXi
MILIHOCTi Ha CTUCK, MOJYJISI IIPYKHOCTI i KoedillieHTa 1mo-
nepeyHoi nedopmallii Bil BOJIOTOEMHOCTI TipChKOI MTOPOJIU.
VY xoni eKCriepuMeHTY, Y CepeIHbOMY, BCTAHOBJICHI BiAMiH-
HOCTi MeXaHIYHNX XapaKTePUCTUK CYXOTO I BOJIOTOTO CTa-
Hy MiCKOBMKAa: MeéxXa MIllHOCTi Ha CTUCK 3MEHIIYEThCS
Maiixe BABiUi, MOIYJTb MPYKHOCTi 3MEHIIIYETHCS B 4 pasw,
KoedillieHT mnonepeyHoi aedopmaliii 30iUIbIIYETHCA Yy
2,3 pasu.

Haykosa HoBusHa. Ha ocHOBi npoBeneHuX eKCrepuMeH-
TiB y JaOOpaTOPHUX YMOBAaX BCTAHOBJICHI eMITipUYHI 3aJ1eX-
HOCTi MEXaHiYHUX BJIaCTUBOCTEM Bill BArOBOi BOJIOTOEMHOCTI
3pasKa MiCKOBUKY. JIJ1s1 MeXi MiLIHOCTI ¥ MOIYJIs1 IPY>KHOCTI
OoTpUMaHa perpecHa crerneHeBa (GyHKIisI, a 11l KoedilieHTa
nonepevyHoi aedopmartii — sorapudmivHa. KoediieHT mmo-
nepevyHoi aAedopmMallii Ha MOMEHT pyiHYBaHHS AeSIKUX BOJIO-
TUX 3pa3KiB MEePEeBUIIYBaB TEOPETUYHO MPUITYCTUME 3HAUEH-
Ha 0,5.

IIpakTHyHa 3HAYMMICTD. YPaXOBYIOUM BaXKJIMBICTh TOCTi-
JKEHHSI BIUTMBY BOJIOTH Ha (Di3MKO-MeXaHiuHi MTOKa3HUKU Ta
BJIACTMBOCTI TipCbKUX TIOPil, OTPUMaHi pe3yJbTaT MOXHA
3aCTOCOBYBATH MPU MATEMAaTUYHOMY 200 YUCEIBHOMY MOJIe-
JIIOBaHHI HaIpyXeHo-1e(OpPMOBaHOIO CTaHY TipCbKOro Ma-
cuBy. BukopucroBytrouu criocobu i 3acoOu 3HEBOTHEHHS
a00 TiIpoHACUYEHHS SIK BYTUIbHMX TIJIACTIB, TaK i MPUJISTIINX
MOpiJl, MOXJIMBE YIPaBIiHHS iX HaNpPyXeHO-1e(OpMOBaAaHUM
CTaHOM HaBKOJIO BUPOOOK.

KimiouoBi ciioBa: nickosuk, eipcvki nopoou, ¢izurxo-mexa-
HiuHI Xapakmepucmuku, Odegopmayis, HANPydysceHHs, MoOYAb
npyscHocmi, Koeghiuienm nonepeuroi degpopmauii
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Ieap. OueHUTH B JIAOOPATOPHBIX YCIOBUSX BIIUSHUC
BJIar'M Ha (pU3MKO-MEXaHUYEeCKKMe CBOMCTBA TOPHOI MOPOJIBI.

Metoauka. JlaGopatopHble ucciaenoBanus Kos3gduuu-
€HTa BECOBOIi BJIarOEMKOCTH FOPHOI MOPOJIbI, ONpeneIeHe
B J1JaOOpPATOPHBIX YCIOBUSIX Ie(OPMAIIMOHHBIX XapaKTepH-
CTUMK W TMPOYHOCTH, OMpeneseHrue MoayJs nedopManuvu u
Ko3(huIMeHTa TonepevHoit 1ehopMalliy, CTaTUCTUYECKAsT
00paboTKa MOJYYeHHBIX JAHHBIX C UCITOJIb30BAHUEM KOppe-
JISIITMOHHO-PETPECCUOHHOTO aHATN3a.

PesyabTaTbl. [To 1aHHBIM JJAGOPATOPHBIX UCTIBITAHMIA TTO-
CTPOCHBI TPa(UKU 3aBUCUMOCTEl HOPMAJIbHBIX HATIPSTKEHUI
OT nepopMariuii JuIst CyXoro 1 BJIaskHOTo 00pa31oB TOPHOIA 1Mo~
pombl  COOTBETCTBeHHO. [lomydyeHa Koppensdiust Ipenena
TIPOYHOCTH Ha CKaTue, MOMYJISl YIIPYTOCTH M KO3 duIMeHTa
TOTePEeYHOi 1echopMalIK OT BJIarOEMKOCTH TOPHOI MOPOIBI.
B xone skcrepuMeHTa, B CpPeIHEM, YCTAHOBJIEHBI Pa3TUIMs
MEeXaHMYECKUX XapaKTEPUCTUK CYXOTO U BIAYKHOTO COCTOSTHUST
TecyaHuKa: Mpees MPOYHOCTU Ha CXKaThe yMEHBIITaeTCsl TI09-
TH BIBOE, MOIYJIb YIIPYTOCTH YMEHbBIIIaeTcs B 4 pa3a, Koahdu-
LIMEHT TornepeyHoi nedopmaliuuy yBeauuunsaercs B 2,3 pasa.

Hayunas HoBu3Ha. Ha ocHOBe MpoBeIeHHBIX KCIIEpU-
MEHTOB B JJAOOPATOPHBIX YCIOBUSIX YCTAHOBICHBI SMITUPU-
YECKUE 3aBMCUMOCTUA MEXaHUYECKUX CBOMCTB OT BECOBOM
BJIarOeMKOCTH obOpa3sia. It penesa MpOYHOCTA U MOMYJIST
YIPYTOCTH MOJy4YeHa perpeccuBHas cTereHHast yHKIIMs, a
s koadduimeHTa nonepeuyHoi aedopmaluu — Jora-
pudpmuyeckass. KoadduumeHt nonepeyHoi nedopmannu
B MOMEHT pa3pylleHUs HEeKOTOPHBIX BIaXHBIX 00pa3IioB
MpeBbIIIa TEOPETUUECKHU AoIycTUMoe 3HaueHue 0,5.

IIpakTiyeckasi 3HAYMMOCTb. YUUTBIBasI BaXKHOCTh U3yue-
HUS BIMSIHUS Baryd Ha (bU3MKO-MEXaHUYecKre moKasaTeau
U CBOMCTBA TOPHBIX TIOPOI, TIOJIYUYCHHBIC PE3yIbTaThl MOKHO
MPUMEHSITh MPYU MAaTEeMaTUYECKOM WJIM YUCJIEHHOM MOJIEIM-
POBaHMH HATIPSIKEHHO-Ie(POPMUPOBAHHOTO COCTOSTHUS TOP-
Horo Maccuna. Mlcnonb3yst CrmocoObl M cpecTBa 00e3BOXKMBA-
HUST WM TUAPOHACHIIICHUS KaK YTOJbHBIX IUIACTOB, TaK U
MpUJIETaoIUX MOPO/I, BO3MOXHO YIIPaBJIEHUE UX HAMPSIKEH-
HO-IIe(POPMUPOBAHHBIM COCTOSTHUEM BOKPYT BEIPAOOTOK

Kirouesble cioBa: necuanuk, eopHsie nopoost, Qu3uKo-me-
XaHU"ecKue XapaKmepucmuku, deghopmayus, HanpsAICeHHOCMD,
MOOYAb YHpyeocmu, Ko3gguuuenm nonepeuroil degopmayuu
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