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Abstract. This paper studies the rock mass stress state of deposits under 
highland conditions, depending on the geological structure of a particular 
rock mass area, the tectonic field of stresses and the region relief. This 
study is aimed to develop an experimental method for assessing and 
monitoring the properties and state of the rock mass adjacent to mine 
workings. Experimental studies are performed through stresses 
measurements in-situ. Based on research results, it has been revealed that 
the geological structures, tectonic fields of stresses and the earth’s surface 
relief of the deposit normally reflect the values and direction of the main 
stresses acting in the rock mass. These patterns can be used to predict and 
assess the stress state of the rock mass. During the rock mass stress state 
assessment, quantitative dependences have been obtained for determining 
the stress tensors conditioned by the overlying rocks weight, tectonics and 
fracturing, and the deposit surface relief The research results make possible 
to assess the nature of the stresses distribution, to identify the areas of 
reduced, equal, increased and maximum stresses concentration of the 
virgin rock mass, as well as to increase the efficiency of the geoacoustic 
control developed by the authors for the state of the rock mass adjacent to 
mine working.  

1 Introduction 
The growing tuff-stones consumption in the national economy requires their additional 
study, as well as improvement of production and processing technology. Their rich 
microelement composition in the form of native copper, iron, titanium, etc. allows to use 
them as a valuable raw material for industry. Unique sorption and selective abilities 
represent wide opportunities for using tuff-stone in many economy sectors. The zeolite-
smectite tuff-stones, the reserves of which have been explored in the Rivne-Volyn region 
(Ukraine) and that are rich in deposits discovered by dozens of wells and several basalt 
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quarries, are of particular attention [1, 2].  
The surface conditions of the tuff-stone occurrence enable its mining by both quarry and 

downhole methods. The downhole method of mining is possible without significant costs 
for overburden mining, as it is noted in the following publications [3, 4]. 

A number of industrial experiments, the experience of using tuff-stone in agriculture, 
cattle farming, construction, recent studies on its microelement composition and revealing 
of a high content of metals valuable for industry, as well as its availability and huge 
reserves for mining – all this indicates that the tuff-stone is a valuable raw material [5].  

At the same time, for the integrated mining and processing of mineral raw materials, it 
is necessary to solve a number of geotechnological problems related to improving the 
mining system [6 – 8], optimizing planning decisions [9, 10], taking into account the 
ecological component of minerals mining and processing [12 – 16], as well as determining 
the effect of moisture together with its filtration processes on the physical-chemical 
properties of mineral raw materials [17 – 20]. Particular attention should be paid to modern 
technologies for the integrated mining and processing of raw materials based on the latest 
methods [21 – 23]. 

The relevance of research into the moisture influence on the tuff-stones strength 
characteristics is to identify the dependences of their weakening degree on the moisture 
exposure duration and determine the water absorption coefficient. These are important 
indicators for one of the geotechnological mining methods with the use of hydraulic mining 
at the site of occurrence [24 – 26]. On the other hand, In case of the selective tuff-stone 
extraction from the quarry dumps, it is also necessary to study the issue of changing the 
physical-chemical characteristics of the rocks composing the dumps when they are 
moistened and then dehydrated [27 – 31].  

The physical-chemical tuff-stones characteristics are not thoroughly studied. Given the 
tuff-stones diversity, the development of common indicators of their characteristics is 
impossible. Nowadays, an issue of the tuff-stones complex processing is becoming urgent, 
since they have a rich microelement composition and a large percentage of silicate mass 
[32 – 34]. All these elements are widely used in industry, agriculture, cattle farming and 
medicine. To extract them during the complex processing of mined rock mass, it is 
necessary to perform a number of technological operations for crushing, grinding, 
classifying and separating [35 – 37]. This requires knowledge of the physical and 
mechanical characteristics, especially strength, the moisture influence on the 
characteristics, as well as water absorption. Moreover, this is important not only at the stage 
of tuff-stone masses processing, but also at the stage of mining [38 – 41]. 

The specificity of the basaltic layer occurrence is in the form of a traprock formation, 
which consists of separate layers or interlayers in the basalt of lava-breccia and tuff-stone. 
In this case, the tuff-stone is either under the overburden basalt mass layer or is its 
underlying rock. In all these cases, when drilling the wells to break down the bench, after 
the explosion, the rock mass is a mixture of basalt, lava-breccia and tuff-stone. Given that 
the strength of these rocks is different, basalt, as the hardest, has the rock mass with greater 
lumpiness. Lava-breccia has a high level of fracturing and in terms of strength, it ranks by 2 
times below than the basalt. Therefore, when blasting breakage, it retains lumpiness. 
However, the pieces’ sizes are smaller than that of basalt, therefore, when being excavated, 
basalt is separated from the total mass and sent to a grinding-sorting factory for processing 
into various fractions of crushed stone. The remaining lava-breccia and tuff-stone are not 
marketable products and are shipped to the dump. In this case, tuff-stone, as the weakest 
rock, has smaller lumpiness [42 – 45]. 

The tuff-stone extraction from dumps is its most economic production, however, the 
implementation of this technology is difficult because of complexity in its separation from 
the total dump mass. Studies have shown that from 30 to 40 percent of the tuff-stone with 
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various granulometric compositionn is in the dump, so the question of its extraction 
requires a search for solutions. The possible problem solution is in the idea that the tuff-
stones in operating quarries are of lower strength in relation to the tuff-stone mined 
underground. This is conditioned by the fact that they are constantly exposed to explosions 
in the quarry and have high fracturing level. In addition, at any time of the year they are 
exposed to moisture influence from precipitation, which further weakens them. 

The solution to this idea is based on the author’s research related to the study of amber 
hydraulic mining and determination of its physical-chemical properties [46, 47], as well as 
the study of phosphogypsum and basalt deposits in the Rivne region area [48 – 51]. 

The objective of research is to determine the moisture influence on the strength 
characteristics and the moisture absorption degree of deep-lying tuff-stones. According to 
the new patterns and dependences obtained, the values and directions have been 
scientifically determined of the main stresses action, as well as the zones of stresses 
manifestation. These patterns and dependences are valuable for designing and planning the 
development of mining operations. 

2 Methodology  
The Earth’s crust is composed of rocks, diverse in origin and composition. This paper is 
focused on the hard rocks study. 

Paper studies the tuff-stones characteristics in the Rivne region, which are identified 
during the basalts extraction in quarries or during the development of downhole hydraulic 
mining technology. As it is noted by the Rivne expedition geologists, the tuff-stones of this 
region have a zeolite-smectite base, and during their formation are exposed to hydrothermal 
transformations. The tuff-stone layers with a thickness of up to 150 m, underlying the basalt 
mass and having a high density, are exposed to mine rock pressure and by strength are half-
rock. The tuff-stone layers, cropping out to the day surface, have a low strength. According 
to the developments of basalt mining, it is known that all tuff-stones are prone to moisture 
influence, however, such an effect has not been quantified. 

In the process of research, an experimental method is used to study the full-scale 
specimens of the tuff-stone in the form of geological samples cores after drilling the wells 
at depths in the range of 100 – 300 m. Samples are taken from eleven wells. The initial 
weight of the samples m, the indenter impressing force Р0 on the press are fixed by a known 
methodology. The indenter tip, according to the methodology, has a cross-sectional area of 
1.0 mm2, therefore, the sample resistance voltage value σ has also been recorded on the 
device. After the samples are immersed into an aqueous medium, the time of exposure is 
recorded and the sample weight, the indentation force Р0, and voltage value σ are 
determined on a staged basis. 

3 Results and discussion 
The obtained results analysis has shown that the tuff-stones absorb at an average of 12% 
water relative to the weight of a dry sample. In this case, their intense softening occurs due 
to the weakening of cementing zeolites and smectites. The greatest intensity of weakening 
occurs during the first 1.5 – 2.0 hours of immersing the sample into water, and during the 
week the samples become so weakened that they begin to lose their shape. In Table 1, there 
are quantitative, weight and strength characteristics, as well as a temporary assessment of 
the state of samples held in water for a long time. These results are of practical interest 
when organizing the technological cycle of downhole hydraulic mining of tuff-stones. 
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Table 1. Research results of the tuff-stones characteristics in case of increased humidity. 

The time of the sample exposure in water, min 
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depth,  
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kg/mm2
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m, 
g 

Р0, 
kgf

σ, 
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m, 
g 
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252.8 27.2 60 17.14 28.4 8 2.286 28.6 6 2.0 29.0 5 1.14 29.2 4 1.14 29.4 2 
115.0 48.3 50 14.29 51.1 8 2.286 52.0 6 2.0 52.6 5 1.14 53.0 4 1.14 53.7 2 
241.6 48.4 140 20 19.6 20 5.71 50.0 16 4.7 50.2 10 2.28 51.0 8 2.28 51.5 3 
307.1 31.8 40 11.43 33.4 8 2.28 34.0 6 2.1 34.6 5 1.14 35.2 4 1.14 35.8 2 
267.0 45.8 24 6.85 48.4 6 1.7 49.2 5 1.3 49.2 4 1.14 49.9 4 1.14 50.4 2 
244.1 54.4 24 6.85 55.2 6 1.7 55.4 4 1.3 55.6 3 0.57 55.8 2 0.57 60.4 1.0 
288.1 65.0 40 11.43 96.3 8 2.28 70.2 6 2.0 70.4 5 1.14 70.6 4 1.17 72.0 2 
254.5 32.4 64 18.29 34.4 16 4.57 34.8 14 3.9 35.2 8 1.7 35.8 6 1.7 36.0 3 
250.4 40.4 48 13.71 43.0 8 2.28 43.1 6 2.1 43.2 5 0.85 43.4 3 0.85 45.1 1.5 
304.0 36.8 40 11.43 39.0 12 3.43 39.4 8 2.9 40.1 6 1.14 41.0 4 1.14 41.5 2 
247.0 52.8 40 11.43 55.8 6 1.7 56.8 4 1.3 57.6 3 0.85 60.2 3 0.85 60.8 1.5 

 
A graphical representation of experimental research on weakening the tuff-stone mined 

underground for samples of all eleven wells is presented in Fig. 1, and the kinetics of water 
absorption by the samples to saturation is shown in Fig. 2. Both processes have a relatively 
short period of time. It should be noted that the dispersion of initial strength σ of the 
samples is explained not only by the different strength of the tuff-stone at the elevations of 
the samples taken or by any inclusions, but also by the presence of subsurface water, which 
the studied field is rich in. It is important to maintain the general tendency of the tuff-stone 
toward weakening in the aquatic environment and to determine the time of final weakening. 
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Fig. 1. Dependence of the tuff-stone samples contact strength on the time spent in water. 

 
The process of samples water saturation over time is shown in Fig. 2 in the form of a 

coefficient of saturation resistance k, which is the ratio of the original dry sample M0 mass 

to the mass of the sample exposed in water over specified time intervals 0
i

i

M
M k

M
 

= 
 

. It 

can be seen from the figure that, despite the different intensity of water absorption by the 
samples, the general tendency to temporary saturation is remained. The absorbed water 
percentage is set by gravimetric method, which is important for determining its amount 
when supplied to the well for the tuff-stone weakening in the chamber. 
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Fig. 2. Dependence of the moisture saturation resistance coefficient on the time spent by the tuff-
stone samples in water.  
 

The empirical dependences of the tuff-stone samples contact strength on the time spent 
in water (1) and the moisture saturation resistance coefficient on the time spent by the tuff-
stone samples in water (2) have been also determined with sufficiently high values of the 
approximation reliability (R2) 0.88 and 0.99, respectively. Consequently, it is possible on 
their basis to perform predictive calculations with a sufficient degree of accuracy:  

0.1467.7548 tσ −= ⋅ ,    (1) 

where t is the time spent by tuff-stone in water. 
Thus, the tuff-stones, influenced by intensive wetting, are weakened up to 10 – 15 

times, lose the ability to restore their original strength after extraction from water and 
drying. Water absorption by the tuff-stone is at an average of 12% from the sample weight. 
This property is recommended to use in downhole hydraulic mining of the tuff-stones for 
increasing the well productivity and reducing the energy consumption during the process of 
the tuff-stone layer breakage by hydraulic monitors in the chamber. The application of this 
tuff-stones property is especially effective when using two neighbouring wells that work 
with counter faces along the tuff-stone pillar, as shown in Fig. 3.  

 

 
Fig. 3. Scheme for mining the tuff-stone extraction chamber with its preliminary weakening: 1 – roof; 
2 – tuff-stone; 3 – chamber bottom; 4 – chamber; 5 – airlift system; 6 – airlift atomizers; 7 – suction 
pipe; 8 – air distributor; 9 – well casings; 10 – hydraulic monitor; 11 – hydraulic mixture. 

 
The difference in the mining process according to this well-known scheme is that the 

hydraulic monitors do not work immediately along the tuff-stone layer with the prepared 
wells. Tuff-stone should be preliminary filled with water and kept in this state for at least  
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7 – 10 days to weaken. Thereafter, the destruction by oncoming hydraulic monitors occurs 
much faster, with a large output of solid in the pulp, without the formation of arches and 
with less water pressure in the hydraulic monitors. In this case, the hydraulic monitors 
operate in the conditions of an immersed jet, which requires additional research and 
analysis of the power characteristics of the face destruction in the aquatic environment, as 
well as a quantitative assessment of water flow rate. Therefore, the main task is to 
determine the average flow rate in the stream and the flow rate of water in the jet section.  

Laboratory research on the tuff-stone weakening in the aquatic environment has 
revealed that the tuff-stone mined in a quarry is destroyed much more intensively than that 
mined underground. Moreover, the destruction process depends on the granulometric 
composition of the tuff-stone, which affects the time and nature of its destruction. Pieces up 
to 20 – 25 mm in size after being held in water for 120 – 150 hours completely disintegrate 
into small parts (1.5 – 2.0 mm), and pieces of 250 – 400 mm in size disintegrate into parts 
of 50 – 100 mm, and, then, after repeated exposure in water, they break up into separate 
fine fractions. The research results of such a saturation are shown in Table 2, where the 
saturation process of filled with water tuff-stone samples with various weights is fixed in 
time. The full moisture saturation of the samples occurs after 120 hours, and small samples 
are saturated within 1 – 2 hours. Table 3 presents the results of research on the time of 
samples dehydration after their saturation in water. 

Table 2. Research results of the tuff-stone saturation with water. 

Sample weight, kg Time, 
hours № 1 № 2 № 3 № 4 № 5 № 6 № 7 

0 0.052 0.106 0.348 0.681 1.025 2.18 3.347 
0.5 0.056 0.113 0.362 0.707 1.077 2.246 3.44 
1 0.058 0.116 0.363 0.708 1.089 2.275 3.473 
2 0.058 0.118 0.363 0.71 1.092 2.321 3.544 
3 0.058 0.124 0.364 0.714 1.097 2.336 3.548 

23 0.058 0.125 0.366 0.715 1.102 2.359 3.563 
68 0.058 0.125 0.368 0.718 1.104 2.365 3.594 
96 0.058 0.125 0.37 0.718 1.106 2.368 3.596 
120 0.058 0.125 0.37 0.718 1.106 2.368 3.596 
 
The dehydration process at room temperature (24 °С) occurs within 2 – 3 hours for small 

tuff-stone pieces and within 140 – 150 hours – for large pieces. The one cycle of water exposure 
resulted in almost complete destruction of small tuff-stone fractions, and large ones broke down 
into 3 – 4 parts. Therefore, 3 – 4 cycles are necessary for their complete destruction. 

Table 3. Research results of the tuff-stone dehydration. 

Sample weight, kg Time, 
hours №1 №2 №3 №4 №5 №6 №7 

0 0.058 0.125 0.37 0.718 1.106 2.368 3.596 
1 0.054 0.116 0.364 0.716 1.102 2.343 3.568 
3 0.052 0.112 0.36 0.706 1.097 2.335 3.556 
6 0.052 0.111 0.357 0.702 1.09 2.329 3.532 
25 0.052 0.109 0.351 0.694 1.071 2.286 3.488 
30 0.052 0.107 0.35 0.691 1.066 2.281 3.48 
33 0.052 0.106 0.349 0.69 1.062 2.275 3.47 
50 0.052 0.106 0.348 0.684 1.05 2.248 3.438 
53 0.052 0.106 0.348 0.684 1.049 2.243 3.432 

118 0.052 0.106 0.348 0.684 1.025 2.228 3.372 
148 0.052 0.106 0.348 0.684 1.025 2.18 3.347 
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A graphical analysis of the experimental results on water saturation over time is presented 
in Fig. 4, and for dehydration – in Fig. 5. It can be seen that the processes proceed according 
to a linear law and can be predicted for weakening the tuff-stone mined in a quarry. 
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Fig. 4. Dependency graph of water saturation on the time of the tuff-stone with various weight. 
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Fig. 5. Graph of dehydration over time of the tuff-stone with various weight. 

 
The amount of water necessary for weakening is determined from the percentage 

moisture absorbed by the tuff-stone, which is at an average 10% of its weight during one 
cycle of wetting. Given the fact that when mining the basalts in a quarry, the underlying 
tuff-stone rocks are water-flooded and water from the quarry is periodically pumped out, it 
is enough to weaken the dump tuff-stone and this technology can be implemented at 
minimal cost.  

In the presented research results, one cycle of the moisture influence on the tuff-stone 
has been studied. To reveal the tendency of its weakening under the influence of the 
following cycles of saturation and dehydration on the same samples, experiments were 
continued. The experimental results are presented in Table 4. 

The results analysis has revealed that the saturation of the samples with water is the 
same in the weight ratio, however, in time it occurs more than by 40% faster than in the 
previous experiment. This is explained by an increase in the free surface and fracturing in 
the samples after the first experiment. A graphical analysis of the repeated samples 
saturation is shown in Fig. 6.  
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Table 4. Results of the repeated tuff-stone samples saturation with water. 

Sample weight, kg Time, 
hours № 1 № 2 № 3 № 4 № 5 № 6 № 7 

0 0.052 0.106 0.348 0.681 1.025 2.18 3.347 
0.5 0.057 0.114 0.358 0.704 1.077 2.25 3.448 
1 0.058 0.118 0.361 0.709 1.089 2.285 3.461 
2 0.058 0.12 0.363 0.712 1.092 2.342 3.477 

26 0.058 0.124 0.367 0.716 1.105 2.351 3.489 
49 0.058 0.125 0.369 0.718 1.106 2.36 3.547 
56 0.058 0.126 0.37 0.718 1.108 2.366 3.581 
84 0.058 0.126 0.371 0.718 1.11 2.366 3.594 
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Fig. 6. Dependence on the time of the tuff-stone saturation in case of repeated wetting. 

 
The reverse process of the samples dehydration also occurs much faster. The 

experimental results are presented in Table 5, and their graphical analysis is shown in 
Fig. 7. It can be seen that the dehydration process in the second case occurs more than by 
30% faster. The reason for this acceleration is the samples break-down and an increase in 
the free surface area.  

Table 5. Results of the repeated tuff-stone samples dehydration.  

Sample weight, kg Time, 
hours № 1 № 2 № 3 № 4 № 5 № 6 № 7 

0 0.058 0.126 0.371 0.718 1.11 2.366 3.594 
1 0.053 0.119 0.366 0.716 1.105 2.348 3.552 
3 0.052 0.113 0.359 0.706 1.097 2.332 3.567 
6 0.052 0.113 0.354 0.702 1.09 2.327 3.518 

25 0.052 0.108 0.351 0.694 1.071 2.275 3.469 
68 0.052 0.106 0.341 0.679 1.039 2.24 3.413 
86 0.052 0.106 0.34 0.675 1.032 2.22 3.361 
110 0.052 0.106 0.34 0.675 1.025 2.16 3.347 
 
After repeated samples dehydration, the degree of their weakening is increased 

significantly. The fine fractions (5 – 10 mm) are broken down to sand size, while large ones 
increase lumpiness by 2 – 4 times. Thus, for their complete destruction, several cycles are 
required for weakening according to the above methodology. This method allows selective 
destruction of the tuff-stone in the dump mass of a quarry and the technology development 
of its selective extraction from the total mass. 
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Thus, water flooding of the tuff-stone dumps will weaken and reduce the lumpiness of 
the tuff-stone mass. The number of water flooding cycles should be selected 
experimentally, but not less than 2 are recommended.  
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Fig. 7. Dependence on the time of the tuff-stone dehydration after repeated saturation with water. 

 
The test results of the moisture influence on the tuff-stones in basalt quarries have 

revealed that this process is slower, depending on the periodicity of external moisture 
influence. It can be accelerated with additional water application. However, the tuff-stone 
in a composition with a quarry dump total mass, which consists of tuff breccia and 
insignificant part of basalt, has the most ground granulometric composition, but lava-
breccia and basalt cannot bet destroyed by moisture. Therefore, after the tuff-stone is 
weakened and the dump rock mass is further exposed to vibratory screening for a fine size 
class (2.0 – 2.5 mm), selective extraction of the tuff-stone is possible. The research into 
such an extraction was conducted in the conditions of the Rafaiilovskyi basalt quarry in the 
fine classification section using a GIL-41 vibratory screen of serial production. It has been 
determined that up to 80% of the fine tuff-stone is in the screen underflow relative to its 
content in the loaded initial dump rock mass. 

Thus, the research performed has shown that the tuff-stone extraction from the basalt 
quarry dumps is technologically possible with the use of periodic water application at 
certain sections with subsequent crushing and screening of the rock mass to recover the 
tuff-stone. 

4 Conclusions  
The research has determined that additional saturation with water allows weakening and 
decreasing the lumpiness of the tuff-stone mass, without decreasing the lumpiness of other 
rocks in the dump (lava-breccia, quartz, basalt). This makes it possible to perform selective 
tuff-stone extraction from the dump by fine vibratory screening. 

To increase the production wells output in case of cyclic operation of wells, the tuff-
stones weakening by 10 – 15 times under the influence of moisture should be taken into 
account. The amount of water supplied to the well should be with account of its absorption 
by the tuff-stone (at an average of 12% moisture relative to the dry weight of the samples). 

As a result of the research performed, empirical mathematical dependences have been 
determined that make possible to predict the physical and mechanical tuff-stone properties, 
which are changed over time under the influence of saturation and dehydration. 
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