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ABSTRACT

Purpose. Generation of relative humidity fluctuations lead to a further decrease in the resistance of rocks, which
involves the swift evacuation of groundwater from mining works. For andesitic rocks strongly hydrothermal altered it
was found an irreversible phenomenon of the effect of humidity upon their strength, while this phenomenon is ac-
companied by an alteration. Natural humidity content at saturation and absorption coefficient of rock specimens
studied ranged within large limits, average kinetics absorption by changing from one type of rock to another, some
rocks could not reach the degree of saturation because they were disaggregated.

Methods. Establishing the rocks characteristics from Suior mine, in the context of underground microclimate condi-
tions and their interaction with water taking into account the determinative anisotropy and the degree of heterotrophy.

Findings. Some of the mining works with straight walled profiles, vaulted ceiling and unsupported floor were exe-
cuted in rocks with pronounced trends towards deterioration and swelling of floors; given that, the rocks contain
insertions of kaolin andesite, have shown a tendency to swelling of floor, which required the use of circular profiles
and horseshoe-shaped profiles with enclosed floor. Observations have highlighted that the deformations of the floor
are not due only to the fact that the works are located in rocks with low resistance, but also because the water is ac-
cumulated in the floor of these works, changing in a short time the mechanical properties of the rocks. Swelling of
the floor is the consequence of intensive water-rock action, having the effect of misalignment of the floor, destructive
effect upon the foundation and of support base, this attempt a horizontal displacement towards the interior of the
gallery, unbalancing the support.

Originality. For the rocks from Suior, protecting with synthetic resin is the optimal method, which is confirmed by the
good behavior of the resins as insulating protection in order to maintain the characteristics of these unaltered rocks.

Practical implications. Under the influence action of water and underground climate, most of the rocks, with the
exception of porphyritic andesite with hipersten, degrades and reduces its mechanical strengths and elastic character-
istics. In order to maintain these rocks to initial parameters, methods will be used to protect, to strengthen. Alteration
created by water effect has a significant influence on the characteristics of strength and deformation, effect that has
direct implications on the stability of the mining works performed in the rocks from Suior.
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1. INTRODUCTION

Rock massif is a difficult to know environment on the
basis of known theories of continuum mechanics, forecast
its behavior in this regard being the rough and uncertain.
This assertion stems from the reality that rocks massive are

natural environments, discontinuous, heterogeneous and
anisotropic, and consequences of these four fundamental
features are numerous, raising difficult mining issues,
particularly with regard to securing the stability of under-
ground mining works and thus of safety at work. Together
with these properties, throughout the period of the mining
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activity, should take account the dispersion of results, the
effect of large scale research, and finally showing discon-
tinuous nature of the environment, heterogeneous and
anisotropy. The laboratory is studying small scales in size
and time, while traditional geology enquire of large scales;
but what mining engineer need to know is the behavior of
intermediate scales, which are quite demanding and diffi-
cult to known (Bieniavski, 1967; Hoek, 1968; Brady &
Brown, 1985; Charlez, 1991; Guegen & Palciauskas,
1992; Toderas, 2015). To solve the problems of under-
ground constructions, we must assess through a complete
merge: laboratory research, intermediate-scale observa-
tions and all information relating to the geological and
hydrogeological behavior of the rock massif, on the basis
of a well-established organization chart.

In conclusion, in order to define the rock massif as a
natural environment, discontinuous, heterogeneous and
anisotropic, it is necessary to study two groups of proper-
ties, namely: properties of connection created in time by
geological and tectonic phenomena and physical and
mechanical properties, the static and dynamic defor-
mation of the rocks and massive studied (Todorescu,
1984; Brady & Brown, 1985; Charlez, 1991; Toderas,
1999; Toderas, 2014). In this sense, for the rock massif
from Suior have been carried out studies of investigation
and calculation to be able to predict the deformations of
the rock massif on the qualitative and quantitative bases
and in order to be able to define it as a massive with a
certain behavior or as a particular model behavior. In
fact, the study of the geological and physical properties,
strength and deformation is the first step in defining the
rock massif from Suior and solving problems of stability
of the mining works performed in this massive.

2. CHARACTERIZATION OF GEOLOGICAL
AND TECTONIC ROCK MASSIF FROM SUIOR

The rock massif should be regarded as a heterogene-
ous mass, showing variations and interdependencies
between different types of continuity and discontinuity
(Stan-Kleczek & Idziak, 2008). Heterogeneity of the
massif from Suior was highlighted by characteristics of
connection: mineralogical composition, structure, tex-
ture, color, anisotropy and heterotopy (Todorescu, 1979;
Anastasiu, 1988; Buia & Lorint, 2011).

Observations in situ and macroscopic and microscop-
ic measurements on polished thin sections revealed that
the rock from Suior is extremely varied (Figures 1 —4),
can be diversified by mineralogical composition, struc-
ture, texture and color into four groups:

—group I, is the group of quartzite andesite with
hornblende, which has been found by microscopic exam-
ination the presence of finely granular SiO, embedded in
a feldspar silicate microlithic mass in the form of veins,
nesting, geodes and a proportion of 15 —20% of plagio-
clase feldspars. They contain no or less than 10% clay
minerals; the texture is compact and undirected, granular
crystalline porphyritic structure, and the color is dark grey;

—group II, which includes andesite with hypersthene
and hornblende, powerful cracked; the bonding cement is
siliceous and included calcite mineral, chlorite and clay
minerals in a proportion of 10 — 15%; the structure is porphy-
ritic, undirected texture and have a grey-dark green color;

— group 111, includes rocks consist of alternating py-
roclastic (breccia) and andesitic lava with hypersthene,
kaolinized and sericitized rocks, strongly cracked; clay
minerals are up to 25%, mainly being present montmoril-
lonite. The structure is crystalline granular porphyritic
breccia, undirected texture, and the color is whitish grey
towards light green;

— group IV, includes andesite group heavily influ-
enced by hydrothermal metamorphism, including py-
roxene andesite (pyroclastic, breccia) intensely meta-
morphosed etc. Microscopic traces can be distin-
guished only by hornblende and pyroxene, because the
entire mass of rock is occupied by clay minerals be-
tween 25% and 60%, carbonate material 10— 35%
accumulated as a product of alteration. Have a micro-
granular psephite porphyritic structure, texture being
undirected. The existence of either the sericite or chlo-
rite, or both mineral, prints a macroscopic distinguish-
ing criterion which is color, the rocks of this group
have a whitish color with a greenish tint and presents a
greasy feeling at touch.

Figure 1. Psephite (quartzite) element in altered andesite and
pyroxene andesite partially altered, mineralized

Thermo-differential analysis carried out confirmed
the presence of clay minerals in high proportion at Suior.
These minerals are represented by kaolinite and in the
case of groups III and IV being present subordinate and
montmorillonite (Todorescu, 1979; Buia & Lorint, 2011).

Argillaceous minerals appear as secondary minerals,
as a product of a hydrothermal metamorphism more or
less pronounced and increase of percentage as unveiling
of these rocks, due to the phenomenon of alteration.
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Figure 2. Volcanic agglomerate and silicified pyroxene ande-
site partly altered

Figure 3. Hydrothermal mineralized quartzte and siliceous
breccia with psephite elements of paleogene
sandstone

Figure 4. Quartzte andesite with hornblende

In the case of rocks from Suior, the reality confirms
the presence of a wide range of clay minerals, starting
with those from kaolinite group, the hidromic and subor-
dinate to montmorillonite, in the form of various mix-
tures of minerals. In terms of mining, the presence of
these secondary minerals involves many dangers for
technical- mining activity (Todorescu, 1979; Almasan,
1984; Buia & Lorint, 2011).

Due to geological and tectonic movements which took
place in different geological periods, it was reached that
the rock mass to be subjected to a phenomenon of defor-
mation and occurrence of breakages, that is, to divide both
crystalline scale and large scale, thereby imparting to the
massif an anisotropic character. Fragmentation at crystal-
line scale, by physical defects created, has led to the ap-
pearance of anisotropy of constitution, known in the litera-
ture as structural anisotropy (Bieniavski, 1967; Hoek, 1968;
Todorescu, 1976; Todorescu, 1979; Stan-Kleczek & Idzi-
ak, 2008) or anisotropy of minerals, which as the effect
itself to the studied massif scale, in terms of the rock me-
chanics can be neglected. Independently of this anisotropy
of constitution, the rock massif still has a phenomenon of
anisotropy as a result of variable internal forces, depending
on the massif history; the occurrence of this anisotropy is
due to the overlap in time of three tensions (Barton, Lien,
& Lunde, 1974; Almasan, 1984; Todorescu, 1984): hori-
zontal effort created by orogeny tension, as the cause of
the occurrence of faults and crazing, vertical effort due to
the cover formations and thermal origin effort or spherical
effort which results in the creation of variations and inter-
dependencies between different continuity and disconti-
nuities of the massif. This anisotropy is called tectonics or
fracturing, or secondary, and it is characteristic of rock
samples and rock massifs.

Summing these types of anisotropy leads to the no-
tion of general anisotropy, which for a massif subjected
to an external force field acts to change the distribution
efforts and seriously reduce the strength of rocks in the
directions of manifestation of this characteristic. There-
fore, anisotropy, through its effect, has become a feature
of particular importance for mining, because it can gen-
erate in the massif, areas and directions of increased
tension; they can become dangerous if they are not taken
into account. This property we considered as associated
with all characteristics to define rationally the mass of
rock both physically and mechanically. This category we
called it anisotropy determinative, because it may be
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related to the phenomena that take place in massif, par-
ticularly the state of tension and deformation, starting
from the hypothesis that mechanical properties, elastic
and deformation, it changes with the orientation of the
forces and that during the geological formation, the rock
mass has created preferential directions after having
preferential tendency to crack. In fact, this assumption
proved to be consistent with the observations made in the
massif on mining works in the Jiu Valley coal basin
(Todorescu, 1976; Todorescu, 1979; Toderas, 1999;
Toderas, 2014) but also at Suior.

Heterotrophy is a feature that correspond on the one
hand the lithological variations, and on the other hand as
a function of the superficial phenomena of decompres-
sion and alteration. The formations from perimeter of
Suior are characterized by default heterotrophy, because
they originate as a result of repeated cycles of volcanic
products in the region and who created decompression
phenomena accompanied by self-morphism phenomena
more or less pronounced. These factors being likely to be
variable in time, then the massif from Suior is normally
made up of different types of andesite.

3. PHYSICAL AND MECHANICAL
CHARACTERISTICS

Characteristics of rock strength in general and ande-
site from Suior in particular, largely depend on their
physical condition and with time these parameters is
changed under the influence of various external factors,
the change which has influence on the stability of the
rock massif and by default to underground mining works.
For a comprehensive overview of mineralogical compo-
sition and the degree of activity of clay minerals existing
in andesite from Suior, the granulometric analyses were
carried out by sifting and sedimentation.

The specific weight of rocks from Suior, through the
analysis of values obtained in the laboratory, it has been
found that it is most stable and permanent physical prop-
erty; the field value in which the specific weight may be
included is between 2.66 gf/cm? and 2.70 gf/cm® for non-
mineralized and slightly mineralized andesite towards
those mineralized. Subject to alteration, andesitic rock
from Suior, changes its specific weight by approximately
5 to 10%. Compared to other physical parameters, this
feature can be regarded as a qualitative indicator very
little variable and seems that is not influenced by the
phenomenon of alteration.

Apparent specific weight of rocks of the studied pe-
rimeter from Suior, varies considerably, with a tendency
to decrease in value, depending on the degree of meta-
morphism and intensification of the alteration phenome-
non, phenomenon which we explain through a decompac-
tion of andesite in which the volume of pores increases.

The porosity of rocks from Suior depends on the de-
gree of alteration, as confirmed by the decrease of appar-
ent specific weight with increasing porosity. For exam-
ple, for ja=2.14 —2.15 gf/cm?, the porosity value was
n=21.6%, and for ja=2.61 gf/cm?®, it was obtained
Nn=4.93%, which is a decrease of the porosity with
approximately 4.4 times. It was found an essential influ-
ence of porosity on the characteristics of strength, elastic
and rheological.

Analyzing rocks in terms of gaps index, it is found that
its value is between 1.7 and 14, which is a relatively low
gaps index, remarks which leads us to assume that very
particular hydraulic behaviors may occur, such as the sensi-
tivity of conductivity to various efforts and this fact was
confirmed by observations in situ; this cannot be ignored,
otherwise the risks may occur regarding the stability and
safety of the works in the exploitation of the deposit.

Maximum absorption capacity in function of time
was determined on the basis of Enslin method (Todores-
cu, 1984), observing that this characteristic is influenced
by the type of mineral components, grain size and chem-
ical composition. The more clay components contains the
rock, the amount of water absorbed is greater.

Knowledge in terms of mechanical of a rock massif,
consist of qualitative value of its reaction in relation to geo-
metric and load changes that occur over time and achieving
quantitative measurements of parameters used in the numer-
ical calculation of the behavior of underground works
(Erjanov, 1964; Hoek, 1968; Barton, Lien, & Lunde, 1974;
Todorescu, 1979; Todorescu, 1984; Toderas, 2014). Rocks
from Suior being generally andesitic rocks with various
degrees of alteration, after unveiling they are subject in time
to a permanent process of alteration due to external agents
and finally, we can reach a total disaggregation of rocks.
Starting from these considerations, tests were carried out in
laboratory in order to highlight the effect created by the
action of water on rocks strength, of elastic characteristics
and the measures required to reduce this effect.

Water content not only alters the mechanical strength
of the rock, but also the value of elastic constants, cohe-
sion and angle of internal friction, characteristics of
plastics, etc. (Bieniavski, 1967; Belin & Jeger, 1971;
Bourbie & Zinszner, 1985; Coussy, 1991; Berge, Wang,
& Bonner, 1993; David, Menendez, Zhu, & Wong,
2001; Masuda, 2001; Larive, 2002). Mainly, the tests
were focused on andesite strongly hydrothermal altered,
purpose in which were created sets of samples, as fol-
lows: a group in which they were preserved natural
humidity; a group that has been entered into the oven in
order to determine the influence of relative humidity on
the strength of rocks, elastic and plastic characteristics; a
group of samples that have been saturated by immersion
in water. Relative humidity has been evidenced by the
characterization in time of rocks strength under the ac-
tion of absorption phenomenon through coefficient of
sustainability; to this end, in the laboratory oven have
simulated the conditions of underground microclimate
from Suior, that is: temperature between 19 —24°C and
relative humidity between 75% and 100%, based on the
average values of these parameters, temperature 22°C
and relative humidity of 96%. In this created microcli-
mate, the specimens were tested at different time inter-
val, the absorption was controlled by monitoring the
weight of the specimens.

The influence of free water on the elastic and me-
chanical properties was highlighted through the satura-
tion coefficient, the coefficient of relative strength and
coefficient of softening, the parameters set by the intro-
duction of a series of saturation test pieces through the
phenomenon of absorption, using the classical method of
immersion in water and the process to determine the
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amount of water absorbed (in the latter case, the test
specimen is sinking directly proportional to the water
absorbed and the rock reaches maximum moisture con-
tent when it stops sinking, Figure 5).
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Figure 5. Determining the influence of water-rock interaction
in the glass cylinder

Identifying rocks from Suior which presents swelling
properties was made on monolithic specimens in swell-
ing device (the samples being subject both to the phe-
nomenon of adsorption in the moisture-testing oven,
Figure 6, and absorption, Figure 7) and on disturbed
samples in glass cylinders in which samples were intro-
duced and it has poured the water quantity (Todorescu,
1979; Todorescu, 1984).

In order to have the possibility of appreciating the size
of reaction which would be able to stop the swelling of
active rocks from Suior, it was determined and the swelling
pressure by trying the swelling under load, carried out in
edometer on undisturbed rock samples with a diameter of
70 mm and height 20 mm. Swelling phenomena have been
studied separate aiming either volume variations or pres-
sure that rock develops when deformation is prevented.

4. SOLUTIONS FOR PRESERVING
THE STABILITY OF ROCKS FROM SUIOR

In order to preserve the initial parameter values of
rocks from Suior in the underground microclimate condi-
tions, the rocks must be strengthened (at Suior cannot be
applied the consolidation by injection); therefore, we
analyzed the possibilities to protect the bare surface of
the rocks with different substances: guniting, applying a
layer of bitumen; applying a layer of rubber; applying of
synthetic resins. Guniting was applied to samples in the
form of disks and cylindrical, in three layers finally
reaching to a thickness of 20 mm.

Figure 6. Determination of relative humidity and its influence
on the stability of rocks from Suior

Figure 7. Testing to determine the free swelling of rocks from
Suior

Testing the gunited specimens was made after 30
days, some of them have been tested in the state as they
were, other have been placed in the water to watch the
absorption process and the role of gunite and part of the
specimens were placed in the oven in which was created
the underground microclimate.

Bituminization was achieved by applying a layer of
bitumen with a thickness of 1 -3 mm on the outer
surface of the specimens, the tests being carried out in
the same conditions as in the case of gunite.

Rubberizing, consisted in applying a layer of liquid
rubber and monitoring the behavior of test specimens in
the abovementioned conditions.



M. Toderas, R. Moraru. (2017). Mining of Mineral Deposits, 11(3), 1-14

5. RESULTS AND DISCUSSION

Starting from the assumption of existence of determi-
native anisotropy, it has been determined in the laborato-
ry by pointed compressive test procedure and expressed
through the dimensionless coefficient of anisotropy; the
samples was in form of discs and oriented N —S, ob-
tained from blocks collected from Suior, oriented in
massive. The discs had a diameter of 42 mm and a thick-
ness of 2 — 3 mm and were divided in circular sectors of
10° each, from 0 to 360° (Fig. 8).

W ~—

Figure 8. Testing device and test specimens in the form of
discs to determine the anisotropy of rocks from Suior

Tests on 100 disks of the same type of rock in which
cracks were preferentially oriented according to
directions, were obtained the number of cracks reported
to N — S direction, values processed led to the coefficient
of anisotropy (A). The distribution of the values obtained
from tests (Fig. 9) was a somewhat symmetrical overall
direction of N — S orientation.

Figure9. Circle of anisotropy for Suior massif

The coefficient of anisotropy has been assimilated
with the value of informational energy corresponding to
studied structure, the limits to which this coefficient may
vary being between 0 and 1. For the massif from Suior,
the global value of the coefficient of anisotropy has
resulted as 0.141, and the amplitude increases from 0.22
to 14.1, which is expresses by a significant degree of
organization of this massive after symmetrical directions
towards the N —S direction. Massif from Suior was
defined as a structure with 4 systems of surfaces for
mitigating different of characteristics, and vectorial the
state of anisotropy of the massif is given by a quadri-
dimensional vector in the form of:

-

Al= |60° —63°;107°;240°—-243°; 287°

. )

To highlight the degree of heterotrophy from Suior, it
was applied to a laboratory process through pointed
compression. Rock samples were collected both in the
direction of the deposit, and in depth, and were processed
in the form of rectangular plates with a thickness of 40
mm. One of the faces of the boards was divided into
coring of square shape with dimensions of 20 x 20 mm;
in each corner of each square, but also and in their center
it was performed pointed compression test for a defor-
mation £= 0.25%. This was achieved with the apparatus
shown in Figure 10, using a ball with a diameter of
3 mm; applying the Reichmuth’s relationship, were ob-
tained the results presented in Table 1 and Figure 11:

Ocp = I;—ltj [daN/cm?], )

where:
Ocp — pointed compression resistance;
P — applied load;
d — diameter or side of the square;
t — plate thickness;
k — form factor and processing, k= 0.70 [t/d].
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Figure 10. Experimental determination of heterotrophy of
rocks from Suior

Regarding to hydric absorption characteristics of the
rocks from Suior, we present the conclusions obtained as
a result of laboratory tests and of the observations.

The constitution water in altered rocks from Suior
ranges from 5 to 35%. In altered pyroxene andesite, the
molecular water percentage was 16%, which indicates
that permeated water in the rock is hardly disposed. Ad-
sorbed water highlights the limit from which the rock
passes in the wet field from the hygroscopic condition
field and from which the rocks from Suior will change
both their characteristics, as well as their stability.

Table 1. The values obtained from pointed compression test

The values of pointed

The values of pointed

The values of pointed

No. compression resistance, No. compression resistance, No. compression resistance,
ocp [daN/cm?] ocp [daN/cm?] ocp [daN/cm?]
1 87.50 41 157.50 81 157.50
2 159.25 42 183.75 82 201.25
3 210.00 43 140.00 83 148.75
4 164.00 44 105.00 84 227.50
5 140.00 45 175.00 85 148.75
6 210.00 46 210.00 86 157.50
7 140.00 47 136.50 87 157.50
8 148.75 48 105.50 88 140.00
9 171.50 49 183.75 89 155.75
10 168.00 50 164.50 90 166.25
11 157.50 51 157.50 91 140.00
12 133.00 52 140.00 92 227.50
13 157.50 53 175.00 93 227.50
14 192.50 54 122.50 94 157.50
15 157.50 55 192.50 94 140.00
16 166.25 56 157.50 96 201.25
17 175.00 57 105.00 97 148.75
18 105.00 58 175.00 98 157.50
19 218.75 59 157.50 99 175.00
20 227.50 60 150.50 100 183.75
21 183.75 61 210.00 101 166.25
22 155.75 62 175.00 102 183.75
23 192.50 63 96.25 103 218.75
24 152.25 64 148.75 104 166.25
25 70.00 65 190.75 105 192.50
26 105.00 66 148.75 106 245.00
27 227.50 67 157.50 107 183.75
28 166.25 68 122.50 108 227.50
29 70.00 69 148.75 109 183.75
30 175.00 70 175.00 110 227.50
31 157.50 71 227.50 111 157.50
32 175.00 72 166.25 112 175.00
33 183.75 73 157.50 113 201.25
34 140.00 74 175.00 114 157.50
35 105.00 75 218.75 115 175.00
36 113.75 76 218.75 116 157.50
37 166.25 77 175.00 117 175.00
38 157.50 78 166.25 118 166.25
39 201.25 79 140.00 119 192.50
40 157.50 80 157.50

From observations performed in underground it was
also found that in situ, there is a strong process of mois-
ture exchange between the mining air and the walls of
mining works, the rock wettability decreases, but at the
same time in the rock takes place a redistribution of
moisture. The natural humidity of the rocks from Suior
varies within the limits of 0.1 and 5%; this parameter
varies depending on the distance from the deposit after a
law given by an equation which represents an equilateral

hyperbole, rule that we explain on the one hand by the
fact that the ore moisture is higher than the surrounding
rocks and therefore the deposit compensates the moisture
of rocks, as a result of the massif trend towards an equi-
librium of moisture content, while on the other hand the
variation of humidity is also a function of the degree of
self-metamorphism of rocks, which decreases as we
move away from deposit (Fig. 11).
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Figure 11. The heterotrophy of propylitic andesite from Suior

Regarding to hydric absorption characteristics of the
rocks from Suior, we present the conclusions obtained as
a result of laboratory tests and of the observations.

The constitution water in altered rocks from Suior
ranges from 5 to 35%. In altered pyroxene andesite, the
molecular water percentage was 16%, which indicates
that permeated water in the rock is hardly disposed. Ad-
sorbed water highlights the limit from which the rock
passes in the wet field from the hygroscopic condition
field and from which the rocks from Suior will change
both their characteristics, as well as their stability. From
observations performed in underground it was also found
that in situ, there is a strong process of moisture ex-
change between the mining air and the walls of mining
works, the rock wettability decreases, but at the same
time in the rock takes place a redistribution of moisture.
The natural humidity of the rocks from Suior varies with-
in the limits of 0.1 and 5%; this parameter varies depend-
ing on the distance from the deposit after a law given by
an equation which represents an equilateral hyperbole,
rule that we explain on the one hand by the fact that the
ore moisture is higher than the surrounding rocks and
therefore the deposit compensates the moisture of rocks,
as a result of the massif trend towards an equilibrium of

moisture content, while on the other hand the variation of
humidity is also a function of the degree of self-
metamorphism of rocks, which decreases as we move
away from deposit (Fig. 12).

Apparent specific weight for andesitic type of rocks
from Suior, vary depending on the degree of metamor-
phism from 2.61 to 2.14 gf/cm3, or about 18%, decrease
which becomes even more pronounced with the emer-
gence of the phenomenon of alteration, when this param-
eter reaches the value of 2.04 gf/cm® (a decrease of ap-
proximately 22%). The variation of pore volume as a
result of the phenomenon of decompaction of andezites
is from 1.70 for andesite with humidity below the field of
moistures (Wim < 5%) up to 14 very humectation ande-
site, that is an increase of more than 8 times. Therefore,
the apparent specific weight presents an average variabil-
ity, which can be assimilated with a qualitative indicator
which is reduced as value with the increasing of altera-
tion, which means that this parameter, in case of rocks
from Suior, indicates mylonite areas and degree of altera-
tion of these rocks.

Natural moisture of strongly altered andesite from the
active to very active group gives them stability (Wh < Whm),
provided that it does not increase after their unveiling.
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Figure 12. Humidity variation depending on the distance from the deposit

For some analyzed samples, humidity reached values
of over 6%, reaching 12 — 13%, but this values does not
represent the natural moisture of all rocks, but individual
cases of excess moisture, excess created that places sam-
ples collection were directly related to the water source
of infiltration that led as andesitic rock to reach a state of
moisture close to the limit of kneading.

The absorption capacity of the water for rocks such as
propylitic andesite and plagio andesite from Suior is
between 70 and 350%. These rocks contain clay compo-
nents created by self-metamorphism and through physi-
cal — mechanical alteration and requires special attention.
With the increasing of absorption water, intensifies the
phenomenon of alteration and andesite is transformed
into plastic rock, waterproof and with swelling tendency,
finally leading to a complete disaggregation. The dis-
aggregation time of the rocks from Suior vary depending
on the type of andesite: andesite with hypersthene and

hornblende which is introduced in the water does not
disaggregates (after 90 days the absorbed moisture was
maximum 6%); andesitic rocks with a partially degree of
alteration, the disaggregation period varied between
10 hours and 10 days; strongly altered andesitic rocks, of
which the disaggregation period was within 10 — 15 hours,
after which the rock has been presented as a compact
paste, consistent and the absorption moisture ranged
between 10 to 15%. The filtering coefficient of rocks
from Suior recorded values between 3.55-10° and
5.00-10°%, which reveals the existence of a low possibility
of water circulation, which means that rocks from Suior
can be considered waterproof. Despite this conclusion,
for the massif of rock from Suior, we can speak of the
existence of a hydraulic conductivities, since such a con-
ductivity, does not depends in a practical way than by the
geological boundary surfaces (macro and micro cracking)
that gives a permeability higher than the rock matrix.
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In determining the coefficients of saturation, soften-
ing and relative strength through the process used to
determine the amount of water absorbed, it was found
that the most intensive absorption occurred in the early
wetting phenomena; at the end of the test, the sinking of
aerometer was very difficult to observe, which is why
test specimen was immersed still about 12 hours to get
precisely the completion of absorption process (Fig. 13).
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Figure 13. Determining the influence of water — rock interac-
tion, the maximum moisture content after 48 hours:
71 hours soaking time; 17 mm maximum immersion

Looking at the graphs in Figure 14 in which it is the
swelling pressure variation as compared with the defor-
mation and if you take into account the specific swelling,

Swelling pressure
[kgflem2]

180 = 1.50=

Specific swelling [gfemicm?]

it is found that the energy which can develop the active
rocks of the andesite strongly hydrothermal altered type
from Suior is several times higher than non-active ande-
site (andesite porphyry with hipersten). Plagio andesite
from Suior with a plasticity index lp=22-61 and a
swelling pressure of 1.3 kgf/cm?, develops during the
swelling a specific work of 138 gf-cm/cm?, while weakly
metamorphosed andesite with 1,=1-22 and swelling
pressure 0.51 kgf/cm?, presents a specific swelling work
of 102 gf*cm/cm?, which is 1.35 times lower. It means
that the more active rock is, the higher energy stores
when it is brought into the dry state and which develops
when it is moistened.

Microclimate conditions have affected the mechanical
strength of the rocks, depending on their humidity. At a
high initial humidity under the conditions of microclimate
at Suior, the samples have lost a certain amount of water
and have increased their strength. At a low initial humidity
value, the rock has absorbed water from the atmospheric
moisture, decreasing its resistance. Therefore, through
temperature fluctuation, the rock has been subjected to
repeated cycles of absorption — desorption, which has led
to a significant decrease in the mechanical resistance. The
fact that in conditions of underground the temperature
fluctuations are relatively low, it means that as time pass-
es, the rock absorbs from relative humidity decreasing its
strength only when the humidity is below the maximum
limit of hygroscopicity. When this limit is reached, there is
a balance which lowers the rock resistance, tending to a
constant value. If there are fluctuations of relative humidi-
ty, then we can expect to further decrease of the rock re-
sistance. This finding implies compulsory assessment of
the presence of groundwater and their rapid evacuation
and steady on the route of underground mining works.
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Figure 14. The pressure variation and specific swelling work of andesite from Suior
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Alteration created by the effect of adsorbed water has
great influence on the mechanical properties and defor-
mation of rocks from Suior; during absorption, the rocks
have lost about 0.2 up to 100% of their strength and
cohesion and friction inner angle came to the values that
correspond to the sands mixed with gravel (cohesion of
0.63 daN/cm? si @ =37°).

Analyzing the results obtained through the applica-
tion of different methods of protecting the rocks, were
found the following:

— by simply guniting, the tests have shown a reduc-
tion in compressive strength by 70% due to absorption of
water from the mixture of gunite; samples introduced to
saturation have suffered a total wetting through absorp-
tion after about 2 hours, softening coefficient increased
to 86%, and test specimens introduced into the oven,
after 60 days, they presented a durability coefficient of
only 0.013. By simply guniting of strongly metamor-
phosed andesite it has reached the cracking of the gunite
and swelling of rock (Fig. 15). The only rock that can
apply this process is andesite with hypersthene which
throughout the tests has not undergone changes of re-
sistance, even when they came in contact with water;

—the test specimens to which has been applied the
layer of bitumen were placed in water for glut, they
showed a slight peeling of bitumen layer after 20 hours, a
phenomenon that has advanced quite quickly, so after
6 days of keeping them in water, the specimens were
damaged (Fig. 16). Unsatisfactory results were obtained
on test specimens placed in the oven, in which after
30 days the sustainability coefficient was 0.04;

—rubber samples, after 25 days of their introduction
into the water, were damaged; specimens placed in the
oven, after 120 days have recorded sustainability coeffi-
cients from 0.12 to 0.14 which is slightly lower com-
pared to the sustainability coefficients of the unprotected
specimens (Fig. 16);

— protected resin specimens showed the best behavior
to all attempts (Fig. 17).

Figure 15. Guniting protection coating of andesitic rocks
from Suior

Figure 17. Synthetic resins protection of rocks from Suior

6. CONCLUSIONS

Stability analysis of mining works at Suior leads di-
rectly to the issue of stability, security and safety to un-
derground works, which involves the development of
resistant underground construction, safe and sustainable,
given that the opening and preparation works are long-
term goals. Based on these considerations and taking into
account the depth of over 800 m to running mining oper-
ations from Suior, we considered imperative the need for
observation in time and analysis of the factors that con-
tribute to the stability of these underground construc-
tions. The stability of a mining work may be ensured
either by placing it in such rocks, that the state of tension
near it along with admitted technical factors do not ex-
ceed values of normal and shear stresses, or by choosing
a complex of technical factors to ensure stability of min-
ing works in concrete geological conditions. Direct ob-
servations and measurements of the works have led to the
conclusion that the rock massif from Suior is character-
ized by complex geological conditions: the altered rocks
with low resistance, water flow, cracks and a high degree
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of tectonics. Types of andesitic rocks exhibit varying
degrees of alteration and therefore different percentages
of clay minerals.

Anisotropy is a consequence of the rocks structure
and the massif discontinuity planes which is confirmed
by the experiments and observations made at Suior,
where without exception, all are presented placed after
the fundamental directions of the structure of the region
considered. Diaclases and faults have created a distribu-
tion of interstitial cracking and consecutive alteration,
following special orientation, materialized by quadri
dimensional vector determined.

Determinative anisotropy, it appears as a decreasing
factor of rocks isotropy, thus becoming a linear arrange-
ment of the rock massif properties. Heterotrophy, regard-
ed as a superficial phenomenon at Suior, appeared due to
decompression which led to the opening of fissures and
cracks that allowed water circulation and andesite were
processed through a combination of physical and chemi-
cal processes (degradation of feldspar in clay minerals)
in andesite more or less altered, transformation whose
result is an important loss of cohesion. At Suior, meet
areas of decompressed superficially altered andesite,
unaltered areas and deep compressed areas.

The wet state condition affects the quality of solidity
of rocks and their rheological behavior. Increasing mois-
ture leads to decrease in the solidity of rocks, leading to
changes in air temperature of mine through oxidation
processes that it creates, and finally determines the ces-
sion of rocks around the mining works. The gaps index,
through its interdependence with other characteristics of
rocks from Suior, is an indicator of qualitative assess-
ment, through which can be achieved a direct linearity
between the different geological classification of rocks
and the technical — mining imposed by the necessities,
but also a correlation between the main physical charac-
teristics with the group of mechanical, elastic and rheo-
logical properties of rock. Atterbergher’s limits estab-
lished for strongly altered andesite have highlighted the
existence of extremely large differences between the val-
ues of flowing humidity and natural moisture, difference
which leads us to believe that it is possible that by isolat-
ing these rocks towards the sources of water, they maintain
their status, allowing them to take over the efforts.

Rocks from Suior located in the wet field and subject-
ed to efforts, suffered a process of irreversible defor-
mation; strong granules of the silicon component miner-
als, due to the destruction of crystalline cement of feld-
spar and transformation into secondary minerals, products
of alteration, they remained as a viscous suspension, and
the elastic connections in intact phase of the massif are
few, in which case the rock behavior we can assimilate as
elastic-viscous. Under the influence action of water and
underground climate, most of the rocks, with the excep-
tion of porphyritic andesite with hipersten, degrades and
reduces its mechanical strenghts and elastic characteris-
tics. In order to maintain these rocks to initial parameters,
methods will be used to protect, to strengthen. For the
rocks from Suior, protecting with synthetic resin is the
optimal method, which is confirmed by the good behavior
of the resins as insulating protection in order to maintain
the characteristics of these unaltered rocks.
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ABSTRACT (IN UKRAINIAN)

MeTa. YTBOpPEHHS KOJIMBaHb BiJTHOCHOI BOJIOTOCTI MPU3BOIUTH 0 MOJANIBIIOTO 3HMKEHHS ONOPY TOpiA i, SIK HACTi-
JIOK, CTPIMKOTO HiTHSTTS IPYHTOBHUX BOJA Y TipCHKHX BHpOOKax. [ aHAE3NTOBUX, CHIBHO TiAPOTEPMAJIbHUX IOPiXN
OyJ10 BUSIBIIEHO HEOOOPOTHE SIBUIIIE BIUIMBY BOJIOTOCTI Ha IX MIIHICTB, B TOH Yac SIK 1I€ SIBUIIE CYNPOBOIKYETHCS 3Mi-
HOIO TIOpij 3a CTPYKTYporo i ckiagoM. ITpuponHuid BoJIOroBMICT Npy HacH4eHHI i koedimieHT abcopOuii BUBYEHUX
3pasKiB IOPO/IH BAPIIOBATHCS Y 3HAYHUX MEXaX, CEPEHE MOTIIMHAHHS KIHETHYHOI €HEeprii IUIIXOM 3MiHH OJTHOTO THITY
TOpif IO 1HIIOTO, AESKi MOPOIN HE MOTIIN TOCATTH CTYIICHS HACHYEHHS, OCKUTEKY BOHHU OYyITH J1e3arperoBaHi.

MeToauka. BcTaHOBICHHS XapaKTEpUCTHK TipChbKUX mopin pomosumia lyifop y KOHTEKCTI yMOB MiJ3€MHOTO MiK-
poxITiMaTy Ta iX B3aeMO/Iii 3 BOJOI0, Oepydr A0 yBaru BU3HAYAIbHY aHI30TPOIIO i CTYHiHb TeTepoTpodii.

PesyabTaTn. Jleski ripHIdi BUPOOKH 3 IPSIMUMHE 3aKPIIUTIOI0OYAMH O0Ka MpoQiIsaMu, CKICTIHIaCTO0 TOKPIiBIEIo i
HE3aKpIIUICHOO TiIONIBOIO OYJIM MPOBEJIEHI Y MOPOAAX 3 BUPAKCHUMH TEHIICHLIISIMH JI0 TIOTIpIICHHS W ITy4YeHHs; Bpa-
XOBYIOYH, IO TIOPOJU MICTSTh BCTaBKH KAaOJIIHOBOI'O aHJE3UTY, MPOSBISETHCS TEHIEHIIS 10 3JMMaHHS MiJIOUIBH, L0
BUMara€e BUKOPUCTAaHHS KPYTJIMX 1 IiJKOBOMOAIOHNX NMPOdLIIB 13 3aKpUTOIO Mi01IBOI0. CIIOCTEPEKEHHS TIOKa3aIH, 110
nedopmarist migomBYH 0OyMOBIIEHA HE JHIIEe THM (hakTOM, 110 BUPOOKH PO3TAIIOBAHI B MOPOJAX 3 HU3BKUM OIOPOM,
aJle TakoX 1 TUM, L0 BOJA, HAKOIMYYIOUMCH B ITiJIOIIBH IUX BUPOOOK, 32 KOPOTKH MepioJ] yacy 3MiHIOE MEXaHIuHi
BJIACTHBOCTI MOPiJ. 3AMMAaHHS IiJJOMIBH € HACHIIIKOM IHTEHCHBHHX aKBa-NMOPOJHUX CHJI, IO YHHSATH e(EeKT HEeIpaBHIb-
HOI BIZTHOCHOI CITiIBBICHOCTI ITi/IOIIBY, PyHHIBHOTO BILIMBY Ha ()yHJIaMEHT i ONOpHY 0a3y, 110 BUKJIMKAE 10 TOPU30HTA-
JILHOTO 3MIIIEHHS /10 BHYTPIIIHBOI YACTHHHU BUPOOKH, IPU3BOSTUH 10 po30alaHCyBaHHS TIPHUYOTO KPIMICHHS.

HayxoBa HoBu3Ha. /[yt mopin ponosuma Ilyitop oxopona BUpoOOK CHHTETHYHOIO CMOJIOIO € ONITHMAIHUM CIIO-
cO0OM, TIO MATBEPKYETHCS IKICHUM PEXIMOM POOOTH CMOII SIK 130JIFOI0UOTO 3aXUCTY IJIS MIATPAMAaHHS XapaKTeprc-
THK [IUX HE3MIHHHX TIOPi.

MpakTnyHa 3HaYMMicTh. [1i7 BIUIHBOM BOTHOTO i MiI3eMHOTO KITiIMaTy 3HAYHA YaCTHHA TiPCHKUX MOPIiI, 32 BUHST-
KOM ITOp(]ipoBOro aHAE3UTy 3 XilepCTEeHOM, BTpavae cBOI BIACTHBOCTI, MEXaHIYHY MIIHICTh Ta MPYXHICTb. Jyis miaTpu-
MaHHA [JUX MOPiA y IOYATKOBOMY CTaHi IPEeJCTaBIeHI METOAN OyayTh BUKOPUCTOBYBATUCS I OXOPOHHU I YKPIMICHHS.
3MiHa MOpij 32 CTPYKTYPOIO 1 CKJIaJ0M, CTBOPEHa BOJHMM BIUTMBOM, 3HAUHO BIUIMBA€ Ha MilHICHI Ta nedopmartiitni
XapaKTepUCTHKH, SIKI YUHATH NPSMHUHN BIUIMB Ha CTIMKICTh TIPHUYUX BUPOOOK, MpOoiiieHnX B noponaax poposuiia [lyiiop.

Knrouosi crosa. anizomponisi, nepemeoperisi, 60102IiCHb, 30UMAHHSL, CMIUKICMb, MUCK, MIKDOKIMAm

ABSTRACT (IN RUSSIAN)

Hean. O6pa3oBanne KojeGaHNil OTHOCHTENBHOM BIIQXKHOCTH MPUBOJWT K JaJbHEHIIEMY CHMKEHHIO COIPOTHBIIE-
HUSI TIOPOJI U, KaK CJIEACTBHE, CTPEMUTEIHLHOMY HOAHSITHIO TPYHTOBBIX BOJ B TOPHBIX BBIpaOOTKax. [yl aHIe3UTOBBIX,
CHJIbHO THAPOTEPMAIBHBIX ITIOPOJ] OBUIO 0OHAPYXEHO HEOOpAaTHMOE SBJICHHUE BIUSIHUS BIAXHOCTH HA MX IMPOYHOCTH, B
TO BpeMs KaK 3TO SBJIECHHE CONPOBOXIACTCS U3MEHEHNEM TTOPOJI IO CTPYKTYpE U cocTaBy. EcTecTBEHHOE BIarocozep-
YKaHUE MIPH HACBHIIICHUH U K03 GHUIneHT abcopOyy N3ydIeHHbIX 00pa3IoB NOPO/IbI BAPEUPOBAINCH B OOJBIINX TIpe/e-
JIax, CpeiHee MOTJIONICHNE KHHETHUECKOM 3HEPTUU MyTeM M3MEHEHUs OJJHOTO TUIIA TOPOJ K IPYyroMy, HEKOTOPBIE I10-
POZBI HE MOTJIN IOCTHYb CTEIICHN HACBIIIECHHS, IOCKOJIbKY OHU OBLIN J1€3arPETMPOBaHBI.

MeTtoauka. YCTaHOBICHUE XapaKTEPUCTUK FOPHBIX MOpoa MecTopokaeHus LIyilop B KOHTEKCTE YCIOBUM IOA3EM-
HOT'O MUKPOKIIIMAaTa U UX B3aUMOAEHCTBUS C BOAOH, MPUHUMAsi BO BHUMaHHE OINPECIISIONIYI0 aHU30TPOIIHIO U CTelle-
HU TeTepoTpodhuu.

Pe3yabTaTsl. HekoTopbie TopHBIE BEIPAOOTKH € MPSMBIMH 3aKPETUIIONIMMEI 00Ka NpoQuIsiMu, CBOAYATOH KPOBIIEH
1 HE3aKPEIUIEHHOH MOYBOM OBUIM MPOBEAEHBI B IMOPOJAX C BHIPAKCHHBIMH TEHICHIMSAMH K YXYIIICHHIO U ITy4YCHUIO;
YUHUTHIBAs, 9TO MOPOABI COAEPXKAT BCTABKH KAOJIMHOBOTO aHAE3NTA, MPOSIBISIETCS TEHACHINS K ITyYCHHUIO TIOYBBI, KOTO-
past TpeOyeT HCIIONIb30BaHUE KPYTIIBIX U MOAKOBOOOPA3HBIX Mpoduiel ¢ 3akpbiToi mouysoil. Habmonenus mokaszany,
9TO AedopMaius MOYBEI OOYCIIOBIIEHA HE TOJNBKO TeéM ()aKTOM, YTO BHIPAOOTKH PACIONOKEHBl B MOPOAAX C HU3KUM
COINPOTHUBJICHUEM, HO TaK)K€ U TEM, YTO BOJA, HAKAIUIMBAsICh B MOYBE 3THX BHIPAOOTOK, 32 KOPOTKOE MEPHOJ BPEMEHU
HN3MEHSAET MEXaHHYECKHE CBOMCTBA MOpo. IlyueHne mo4Bsl sBIAETCSA CIEICTBUEM MHTCHCHBHBIX aKBa-MOPOAHBIX CHII,
UMeroInX dPQeKT HenpaBMIbHOW OTHOCHTEILHONH COOCHOCTH IMOYBBI, Pa3pyIIAOIIEro Bo3/AeHCTBUS Ha (pyHOaAMEHT U
OTOpHYI0 0a3y, 4TO BBI3BIBACT JEHCTBHE TOPH3OHTAIBHOIO CMEIEHUS] K BHYTPEHHEH 4acTh BbIpaOOTKH, NPUBOAS K
pa30alaHCUPOBKH TOPHYIO KpETlb.

Hayunas noBusHna. J{ist nopox mecropoxenus Llyiop oxpaHa BEIpaOOTOK CHHTETUYECKON CMOJIOH SIBJISICTCS OTI-
TUMaJBHBIM CIIOCOOOM, YTO MOJTBEPKAAETCS KAYECTBEHHBIM PEKMMOM pabOTBhI CMOJI KaK M30JIMPYIOLIEH 3alUThl JUIs
MOJ/ICPKAHUS XapaKTEPUCTUK 3TUX HEU3MEHHBIX TIOPO/I.
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IIpakTnyeckas 3HaYMMoCTb. [loa Bo3neiicTBHEM BOJHOTO M MOJ3EMHOI0 KJIMMaTa CYIECTBEHHAs 4acTh FOPHBIX
HOPO/JI, 32 UCKIIFOUEHHUEM MTOP(PHUPOBOTO aHJE3UTA C XUIIEPCTECHOM, TePSET CBOM CBOWCTBA, MEXaHUYECKYIO IPOYHOCThH U
ynpyrocts. sl nmojiepkaHust ITUX NOPOJ B UCXOJHOM COCTOSIHUH IPECTaBJIEHHbIE METObI OYIyT MUCIIOJIb30BaATHCS
JUIS OXPaHBbI U yKperieHus. M3mMenenne nopos no CTpyKType U COCTaBy, CO3JaHHOE BOJHBIM BO3/EHICTBHEM, OKA3bIBAET
3HAYUTEIHHOE BIMSHIE Ha MPOYHOCTHEIE U 1e()OPMAIIMOHHBIC XapaKTEPHCTHKH, KOTOPBIE OKA3bIBAIOT MPSIMOE BIMSHHE
Ha yCTOWYMBOCTH TOPHBIX BBIPAOOTOK, MPOMICHHBIX B TOpoax MectopoxaeHus Lllyiiop.
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