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The influence of the moisture on the physical 
and mec hanical properties of the sandstone (Separate Unit 

“Kapitalna” coal mine”, Donbas)

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 

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. Vásárhelyi, 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 L1Sl1 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 × 50 × 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.

Fig. 1. Graph of dependency of the normal stresses on the dry 
sample deformation

Fig. 2. Graph of dependency of the normal stresses on the defor-
mation of the wet sample
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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 coefficient 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, a) 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.

Fig. 3. Graph of variance over time under loading of the dry 
sample

Fig. 4. Graph of variance over time under loading of the wet 
sample

a

b

Fig. 5. The curve of change in the coefficient of lateral deforma-
tion under the influence of loading on the sample:
a – dry; b – wet

Fig. 6. Dependency graph of stress and transverse deformation 
coefficient of dry sandstone sample

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

	 sc(w) = -27.6426 ⋅ w0.4333 + 56.0057,	 (1)
or

( ) . 0.4333
. ,

2
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c c ow w
s
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where sc.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 ⋅ w0.4585 + 1.4686,	 (2)
or

E(w) = Eo - 0.56 ⋅ w0.4585,

where Eo 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

	 m(w) = 0.6533 ⋅ ln (w + 5.2728) - 0.8858.	 (3)

Fig. 7. Dependency graph of stress and transverse deformation 
coefficient of wet sandstone sample

Fig. 8. Curve of change of elasticity modulus under the action of 
loading on sandstone:
а – dry; b – wet

a

b

Fig. 9. Curve of change of elasticity modulus under the action of 
loading on sandstone:
а – dry; b – wet

a

b

Fig. 10. Photo of the destroyed dry sample

Fig. 11. Photo of the destroyed wet sample
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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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Table
Parameters of correlation-regression analysis

Parameters sc(w) E(w) m(w)

Coefficient of correlation for 
linear dependence

0.5224 0.5779 0.5409

Coefficient of determination 
for nonlinear dependence

0.5406 0.5946 0.5677

The minimum value 8.71 MPa 0.12 GPa 0.13

The maximum value 56.96 MPa 1.52 GPa 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
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Вплив вологи на фізико-механічні 
властивості пісковику (ВП «Шахта 

«Капітальна», Донбас)

Я. О. Ляшок1, О. І. Сергієнко1, В. М. Куцерубов1, 
О. П. Когтєва1, Л. В. Сергієнко2
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2 – Інститут фізики гірничих процесів, м Дніпро, Украї­
на, e‑mail: liana.sergienko@ukr.net

Мета. Оцінити в лабораторних умовах вплив вологи 
на фізико-механічні властивості гірської породи.

Методика. Лабораторне дослідження коефіцієнта 
вагової вологоємності гірської породи, визначення в 
лабораторних умовах деформаційних характеристик і 
міцності, встановлення модуля деформації й коефіці­
єнта поперечної деформації, статистична обробка да­
них з використанням кореляційно-регресійного ана­
лізу.

Результати. За даними лабораторних випробувань 
побудовані графіки залежностей нормальних напру­
жень від деформацій для сухого й вологого зразків гір­
ської породи відповідно. Отримана кореляція межі 
міцності на стиск, модуля пружності й коефіцієнта по­
перечної деформації від вологоємності гірської породи. 
У ході експерименту, у середньому, встановлені відмін­
ності механічних характеристик сухого й вологого ста­
ну пісковика: межа міцності на стиск зменшується 
майже вдвічі, модуль пружності зменшується в 4 рази, 
коефіцієнт поперечної деформації збільшується у 
2,3 рази.

Наукова новизна. На основі проведених експеримен­
тів у лабораторних умовах встановлені емпіричні залеж­
ності механічних властивостей від вагової вологоємності 
зразка пісковику. Для межі міцності й модуля пружності 
отримана регресна степенева функція, а для коефіцієнта 
поперечної деформації – логарифмічна. Коефіцієнт по­
перечної деформації на момент руйнування деяких воло­
гих зразків перевищував теоретично припустиме значен­
ня 0,5.

Практична значимість. Ураховуючи важливість дослі­
дження впливу вологи на фізико-механічні показники та 
властивості гірських порід, отримані результати можна 
застосовувати при математичному або чисельному моде­
люванні напружено-деформованого стану гірського ма­
сиву. Використовуючи способи й засоби зневоднення 
або гідронасичення як вугільних пластів, так і прилеглих 
порід, можливе управління їх напружено-деформованим 
станом навколо виробок.

Ключові слова: пісковик, гірські породи, фізико-меха-
нічні характеристики, деформація, напруження, модуль 
пружності, коефіцієнт поперечної деформації

Влияние влаги на физико-механические 
свойства песчаника (ОП «Шахта 

«Капитальная», Донбасс)
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Цель. Оценить в лабораторных условиях влияние 
влаги на физико-механические свойства горной породы.

Методика. Лабораторные исследования коэффици­
ента весовой влагоемкости горной породы, определение 
в лабораторных условиях деформационных характери­
стик и прочности, определение модуля деформации и 
коэффициента поперечной деформации, статистическая 
обработка полученных данных с использованием корре­
ляционно-регрессионного анализа.

Результаты. По данным лабораторных испытаний по­
строены графики зависимостей нормальных напряжений 
от деформаций для сухого и влажного образцов горной по­
роды соответственно. Получена корреляция предела 
прочности на сжатие, модуля упругости и коэффициента 
поперечной деформации от влагоемкости горной породы. 
В ходе эксперимента, в среднем, установлены различия 
механических характеристик сухого и влажного состояния 
песчаника: предел прочности на сжатие уменьшается поч­
ти вдвое, модуль упругости уменьшается в 4 раза, коэффи­
циент поперечной деформации увеличивается в 2,3 раза.

Научная новизна. На основе проведенных экспери­
ментов в лабораторных условиях установлены эмпири­
ческие зависимости механических свойств от весовой 
влагоемкости образца. Для предела прочности и модуля 
упругости получена регрессивная степенная функция, а 
для коэффициента поперечной деформации − лога­
рифмическая. Коэффициент поперечной деформации 
в момент разрушения некоторых влажных образцов 
превышал теоретически допустимое значение 0,5.

Практическая значимость. Учитывая важность изуче­
ния влияния влаги на физико-механические показатели 
и свойства горных пород, полученные результаты можно 
применять при математическом или численном модели­
ровании напряженно-деформированного состояния гор­
ного массива. Используя способы и средства обезвожива­
ния или гидронасыщения как угольных пластов, так и 
прилегающих пород, возможно управление их напряжен­
но-деформированным состоянием вокруг выработок
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