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Abstract

One of the most interesting habitats that has been identified and researched especially by speleologists in the last few
decades is the superficial underground environment. These habitats were named mesovoid shallow substratum (MSS),
also called shallow subterranean habitats (SSHS). These habitats are mainly represented by the scree, where the free
spaces between the clasts (interclastic spaces) are the temporary or permanent host or refuge for some species of
animals, especially invertebrates. Smilarly, in litosoils, we can find too, free interclastic spaces, but much less
generous. The scree formation depends largely on the geological type of rock that undergoes the various mechanical
and chemical processes that cause exposed rock to decompose (mechanical, chemical and biochemical weathering).
Practically, the behavior of the rocks relative to exogenous modeling factors influences the speed of scree generation.
Moreover, the main environmental factors such as relative humidity, temperature in the MSS are influenced by the
geomechanical properties of the rocks (the ability to retain water, the way to react to gelling, thermal expansion,
chemical reactions between the water by the pores of the rocks and the minerals etc). That is why we considered to be
interesting a comparative analysis of geomechanical properties in the case of two types of rock, limestone and
crystalline mesometamorphic schist. These limestone and schists outcrops occur oftenly on the slopes in Leaota
Mountains, the area where our research been focused has.

Keywords: changes in the apparent volume, compressive strength, freeze-thaw cycles, gelivation degree, geomechanical
properties, limestone, schists, softening coefficient, water absorption coefficient by capillary, scree, litosoil, MSS, SSHs.

1. INTRODUCTION

The purpose of these studies is to understand wisicthe importance of the two rock type
(limestone and schists) in the cryoclastic processe Leaota Massif and also how some
geomechanical properties of rocks are differentheyrock type and influences the main ecological
factors (as relative humidity and temperaturehim screes. These screes are defined by a series of
peculiarities of the main ecological factors (temgpgre and relative humidity) and they are a type
of subterranean habitat with an important ecoldgicke, with a characteristic invertebrates fauna.
The variation of the main ecological factors caudemges in the type of fauna hosted by the MSS.
To determine the geomechanical proprieties ofithedtone and the metamorphic crystalline schist
as: apparent density, real density, dry compressinamgth, compressive strength after freeze-thaw
cycles (softening coefficient), degree of the wmion (the rate of weight - loss by freeze-thaw),
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percentage change of apparent volume after fréeme-tand water absorption coefficient by
capillary we used methods that meet the adoptedapptied European and Romanian standards
regarding the rocks. These geomechanical propeartitee two types of rocks determine directly or
indirectly a different susceptibility to disaggrégabut also to maintain specific values of rekativ
humidity and temperature in the different typesvi8S (limestone or schist). These things in turn
influence the distribution of faunistic componemsthe MSS. These things in turn influence the
differential distribution of faunistic components MSS, depending on the type of geological
substrate.

2. MATERIALS AND METHODS

Within the experiments carried out for the detemtion of the geomechanical proprieties of the
clasts in limestone and quartzo-feldspathic mesametphic crystalline schist with biotite and
muscovite collected from the field, we have uses tiethods that are described in the European
standards (were also applied in Romania). For eathe two categories of rocks, limestone and
crystalline schist, we made experiments and laboyatests regarding the determination of the
following proprieties:volume of open pores (V,), apparent volume (Vy), real density (o), apparent
density (py), total porosity (p), open porosity (po), compressive strength after freeze-thaw cycles(Re),

dry compressive strength (Ry), gelivation degree (1), changes in the apparent volume during cycles

of freeze-thaw (4Vy); the softening coefficient (7), the water absorption coefficient by capillarity

(c1).

The methods we used within the geomechanical imad&ins are classified in two categories,
destructive and undestructive methods. Destru¢éebniques can be used for the investigation of
the mechanical proprieties (for example, compressstrength), of the physical proprieties
(porosity, water absorption etc) or for microscopigalysis for which we need to create thin
sections (Balogh et al., 2014; Miiller, 1967).

The collection of the samples in the field

Within the experiments made for the above mentiatetdrminations, we have randomly collected
from the field, from the ecologic stationaries (E)y samples of rocks, large enough that, by
cutting, we have filled the tubes we needed fortésts and the analyses in the laboratory. On the
whole, from the ecologic stationaries with scree, asllected a volume of more than 300 kilos of
limestone samples (Fig.2) and another almost egulaime of mesometamorphic crystalline schists
(Fig. 3).

The limestone in the substratum of the placed eiolstationaries were geologically identical; so
was the case of the crystalline schist, too; (Dat,oB016; Dorobt et al., 2017; Dorah et al.,
2018).

In order to not influence the results, the selecwd the clasts in the scree was made so that the
samples to be as representative as possible, montain, on their surfaces, traces of chemical and
biochemical alteration and not to have cracks.

The production of the test specimens

In order to meet the methods that are describethén standardized geomechanical analyses
experiments, we produced, through debit, test spats that met the standardized dimensions —
cubes, with a size of 50 mm or 70 mm or cylindrgacimens, with a diameter equal to the height,
of 50 mm or 70 mm. This was the case also for hoghsamples in limestone and the ones in
mesometamorphic crystalline schist.
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Figure 1. Leaota Mountains — Geological Map (from tdtoreanu, 2009, modified by authors)
Legend: 1. graves, sands, gritty clay; 2. shale, silicassive sandstone, conglomerates; 3. coarse saadsfay
sandstone, Bucegi conglomerates, limestone brectilimestones, dolomite limestones and dolomitadiolarites; 5.

shales, sandstones, conglomerates; 6. The Leaotas

Se phyllites, chlorite-sericiteschists; 7. Cudimp Series —

metablastic migmatites; 8. Granites; 9. Metablastagmatites; 10. syncline axis; 11: Anticline axi2&13: Areas
where limestone samples were taken: green cirateestone scree; blue circle = schist scree

Flgure 2. Limestone scree

.. = S w0 N
gkie 3. Schist scree

14

http://www.natsci.upit.ro

*Corresponding author, E-mail addresedrutza_dobrescu@yahoo.com




Current Trends in Natural Sciences Vol. 7, Issue 14, pp. 12-2018

Current Trends in Natural Sciences (on-line) Current Trends in Naturaiébces (CD-Rom)
ISSN:2284-953X ISSI9284-9521
ISSN-L:2284-9521 SIS-L: 2284-9521

Working method

In the case of the determination of geomechaniaedmpeters: the volume of open poreg)(V¥he
apparent volume (%), the apparent densityy); the real densitypf), we have used standardized
methods according to the SR EN 1936:2007 Standdrds, considering this standard, we can
mention:

Volume of open pores (V):

= My
Vo= —x 1000
Prh

Apparent volume (Vp):

Prh

Wherep, = 0.998 g/cmirepresents the density of water at 20°C;
(my) = mass of the dry specimen,;
(my) = mass of the test specimen sunk in water;
(m) = mass of the specimen saturated in water.
(Results are displayed in milliliters)
Apparent density (pp) is expressed in kgfn
It is calculated as the ratio between the massy$pecimen (1) and its apparent volume, through
the formula:
n
Po=————prh
& My
Real density f,), is expressed through kginis calculated as the ratio between the me maseeof
grinded and dried test specimen and the volugef Yhe liquid deployed by the me mass.

&)

y

To determine thelry compressive strength (R), we apply the standardized method explained in
the SR EN 1926: 2007, a standard for natural rotkeugh we need at least 6 test specimens for
each type of rock, we used seven test specimenbddimestone and 14 for the mesometamorphic
crystalline schist. In the case of the schist, vaglenseven tests for the perpendicular compression
on the schistosity plan and other seven for thengg®f the compression exerted parallel to the
schistosity plans. We refined, as much as posdidetest specimens through sanding, so that the
sides to be perfectly sanded. Teodorescu (198&)sataiat any roughness, irregularity of the edges
leads, during the experiment, to the more rapidifaiof the rock to smaller tasks, by concentrating
the tasks in the respective points. The verticalityhe cubical test specimens should not overpass
the 0.3 mm tolerance, and the sides must be plaitle,a tolerance less than 0.1 mm. For the
measurements, we used a Fowler electronic dis@yet, with a 0.01lmm precision. The result is
expressed in megapascals (MPa). One must caldhktaverage of the 6 tests. In the case of the
mesometamorphic crystalline schist, we show forcwhof the tests we calculated the result: the

pr= X Prh
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perpendicular loading on the schistosity plan te #thistosity plan (anisotropy plan). In the
laboratory tests we used a modified Enerpac P 8ele

To determine theompressive strength after freez¢haw cycles (R), gelivation degree gy),
changes in the apparent volume during the freeze-tw cycles AVy), we used and met the
standardized methods according to STAS 6200/15#B SR EN 12371:2010. To analyze the
proprieties, we have used the 15 cycles variant) wylindrical test specimens (Fig. 4) with a
diameter and height of 50 mm or cubical ones witide of 50 mm (Fig. 5). We used to 7 test
specimens for the limestone probes and 14 fordhistsones, like above, for,R

Figure 4. Cylindrical test specimens after the Figure 5. Cubic broken sample to theiaxial
freezing-thawing cycles (schist) compression tesh@stone)

Each of the test specimens is exposed to the g#adtkawcycles, meeting the standard procedures.
By increasing the number of freeze—thaw cycles, pressive strength decreased, whereas the
porosity values showed an increasing trend. Theyirdroduced in a refrigerating installation and
they are gradually cooled until the temperature-26f+2°C, maintaining this temperature for 3
hours. We have used a modified Kirsch Bosch Kaltohiae freezer. The temperature in the
refrigerating installation must be, at first, eqt@athe one of the environment, namely 18+5°C.
We analyze and make notes of the visible determrat such as cracks, exfoliation, ruptures etc
which resulted, mentioning the freezing-thawingegcWhen they appeared. We eliminate the test
specimens on which we registered visible detelimmatif they are reported for more than 3 test
specimens, and, at the end of the freezing-thawyates, we consider that the rock is not resistant
to gelivation (gelifraction). We consider that attspecimen presents visible deteriorations when it
is affected by at least one of the following pheeaan the surface of one or two of the sides (in the
case of cubical test specimens) was shrunk witteadt 10%, or the total surface of the test
specimen decreased with at least 5%, or the mabe oést specimen shrunk with more than 5%.
If the notable deteriorations criteria is not enowg determine if the rock is gelivation resistant
not, we apply another criteria, through the calswtithe gelivation coefficient.
To determine thegelivation coefficient fig), also named thenass loss coefficien{Florea, 1983),
we used the procedures specified in the STAS 68083l It is calculated for each test specimen
that was not affected by “visible deteriorations”.
The used formula is:

pg= [(M2-mg) : my] x 100
(my is the mass of the dry test specimen;isrthe mass of the wet test tube until maturatiog;
represents the mass of the test specimen aftémshreezing-thawingcycles).
For a rock sample, we calculate the average ofgdlesation coefficient for at least 5 test
specimens, calculated with two decimals.
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According to the standards, we consider thaig it 0.3%, the rock is not resistant to gelivation. If
ug <0.3%, the criteria of the gelivation coefficientrist conclusive, we apply another criteria, the
one of thereduction coefficient of compression strength aftethe freezing-thawing cycles),
also known asoftening coefficient
When determining this reduction coefficienj,(we met the indications of the SR EN 12371:2010.
The softening coefficient is calculated according following formula:
N =[(R,— R) : RJ x 100, where:

Ry represents the dry compressive strength of theedtyspecimen; Represents the compressive
strength after freeze-thaw cycles.
If the value of the softening coefficientt25%, we consider that the rock is not resistant.
Concluding, we claim that rocks are not resistéier dreeze-thaw cycles, if at least one of the¢hr
criteria is not available for the respective sarapé#dter the cycles they were exposed to:

There are visible deteriorations;

The gelivation coefficient igg> 0.3%;

The softening coefficient ig> 25%.
In the case of the modification percentage of tipppasent volume AVy), we consider the
specifications of the SR EN 12371:2010 standard¢hvhlso supposes 15 freeze-thaw cycles for
the test specimens, measuring the volume loss daduséhe detachment of the material from the
test specimen.
A value higher than 1% shows that the rock is esistant to the freeze-thaw cycles.
To determine thewater absorption coefficient by capillarity (c;) we act according to the
indications in the method described by the SR ERBIZ01 Standard.
We used cubical test specimens with a size of 30n#n, or cylindrical ones, with the diameter and
height of 70 £ 5mm.
Considering that the rocks we used were little giesat, we used the intervals of 30, 60, 180, 480,
1440, 2880 and 4320 minutes. Time measurement beustith a tolerance of maximum 5%. We
made seven measurements for each type of rockvigathe subject of testing, schist or limestone.
We consider that the determination if finished, whee difference between two consecutive
weighing of each test specimen is less than 1%hefrbass of the water absorbed by the test
specimen.
The water absorption coefficient bycapillarity dancalculated using this formula:

= (m - mg) / A x i,

where g is the absorption coefficient through perpendicakpillarity on the schistosity (in case of
limestone, it does not matter on which side themeination is made, as there is no schistosity); m
represents the mass of the test specimen at maxesorption; mrepresents the dry mass of the
test specimen; A = the surface of the immersed side

RESULTS AND DISCUSSIONS

By analyzing the results reached subsequently & déterminations of some geomechanical
features of the samples in the two categories oksowe can make a comparison between
limestone and schist regarding their behavior éordspective experiments.

In the case of total porosity (p) and of the opamopity (R),the situation has been already
presented in two previous papers (Ddcitobt al., 2017; 2018), the result of the determaoreti
showing that the total porosity of limestongudaone= 1.46%, is significantly higher than the one of
schist, Renist= 0.84%, and the open porosity is, in the casscbist, g schiss 0.69% and in the case
of limestone, Piimestone= 0.38%.

17

http://www.natsci.upit.ro
*Corresponding author, E-mail addresedrutza_dobrescu@yahoo.com




Current Trends in Natural Sciences Vol. 7, Issue 14, pp. 12-2018

Current Trends in Natural Sciences (on-line) Current Trends in Naturaiedces (CD-Rom)
ISSN:2284-953X ISSI9284-9521
ISSN-L:2284-9521 SIS-L: 2284-9521

Apparent densityp) in the case of analyzed samples was determirredrjorocks, reaching the
following results:pa schis= 2681 kg/m; pa imestone= 2886 kg/m.

Real density ), determined subsequently to the experimentshesagalues that are almost equal
for both types of rockss; schiss 2704 kg/n, respectively; iimestone= 2726 kg/m.

The water absorption coefficient by capillarity)(ts another physical parameter which shows the
ability of rocks to allow water circulation throughe capillary pores whose diameters might vary
between 0.1- 0.001 mm (Sdeanu & Gheorghe, 2007). In the case of the sampdasanalyzed,
we reached the following results: for crystallinehist, Gschist = 0.73 g/mi x s; for limestone,
Cilimestone= 0.36 g/FﬁX S.

The freezing of water is produced at temperaturtpasas the pores are smoother. By increasing
the volume, ice crystals produce a higher pressar¢he unfrozen water and it forces it to go
through the walls of the pores. We thus reach #ation pressure inside the rock and, as a reault,
tension, a stress status which, if overpassesahe wf the rock’s stretching resistance, will l¢ad
the apparition of micro-cracks in its structure rdii, 1995; Gutiérrez, 2013). Water begins the
following freeze-thawcycles again, in the microak® formed due to the previous freezing.
Previous cracks are filled with water and the pssceepeats itself, having a cumulative feature.
Through repeated widening, we reach the breakingtagthment from the slope) and the
development scree (Doriath 2016).

We notice that the water absorption coefficientchypillarity has a more than double value in the
case of schist reported to the one of limestonés §hins shape through the ability of schist of
allowing an easier circulation of water by capitiaand thus a higher capacity of absorbing it.

This feature of schist doubles its vulnerabilitygelivation, alongside the open porosity which is
also approximately two times higher compared toote of limestone.

Dry compressive strength (Rrepresents the resistance of the rock in dryestatthe uniaxial
compression. The higher the difference betweertheompressive strength (Rand compressive
strength after freezéhawcycles (B, the more vulnerable the rock is in front of #iew.The
determined values of this parameter are displayéedhile 1.

Table 1. The value of resistance to dry compressitrength for schist and limestone

Test SCHIST - Value of R, (N/mm°) LIMESTONE
specimen Value of Ry| Value of Rt Value of R,
no. onllplan with schistosity | on -L plan with schistosity | (N/mm?)
1 46 60 35
2 43 57 35
3 43 54 34
4 39 58 34
5 45 50 37
6 40 52 34
7 45 57 36
Ru average 43 55.4 35

The resistance to compressive strength after tezé-thaw cycles @rRshows the extent to which
the rock loses its resistance after gelivations thecoming more brittle, breaking itself easieresc
develops especially due to the gelivation procgsshat this feature of rocks is significant framst
perspective, presenting the vulnerability degreeth&f rock to crioclasty. Using standardized
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methods, we determined the resistance to compeesti@ngth after 15 freeze-thawcyclegscRsiL

= 44 N/mnf; Reschisgl= 32.6 N/mnd and for the limestone:

Reiimestone= 29 N/mnf. The values of the Rvere determined according to the standardized adeth
on 7 test specimens (Table 2).

Table 2. Value of resistance to compressive strarafter freeze-thaw cycles for schist and limestone

Test SCHIST - Value of R, (N/mm®) LIMESTONE
specimen Value of Re| Value of ReL Value of Re
fo: on|| plan with schistosity | ontplan with schistosity (N/mm?)
1 36 47 32
2 33 46 29
3 32 43 27
4 34 41 26
5 29 45 28
6 30 44 30
7 34 42 31
Re average 32.6 44 29

Moreover, the gelivation coefficient {}1 also known as the mass loss coefficient afterfteeze-
thaw cycleshas a much higher value (0.23%) forsiti@st, compared to the limestone (0.14%).
Subsequently to the cycles, from the test specinttgitswere the subject of experiments, a larger
volume of schist detached compared to the limestdhes is also confirmed by the modification
percentage of the volume after freeze-thaw cydbégher in the case of schish\{, = 0.3%),
reported to the limeston&Y, = 0.2%).

The result of the determinations regarding thestasce to compression strenght)(Rfter the
freeze-thaw cycles, the softening coefficien), (the modification percentage of the apparent
volume after freeze-thawcyclea\(y) can be displayed in a centralized manner in t&hléhus
confirming the lower resistance of mesometamorphystalline schist to freeze-thaw cycles.

We present below a comparative table with the wmlokethese two types of rock, in order to
emphasize the differences between them, from tbengehanical perspective.

At first, we have to mention the fact that both sichist samples and the limestone ones are located
in the normal range of resistance to uniaxial casgion. Thus, in the case of schist, this resistanc
varies between 10 - 100 N/mpand in the case of limestone, between 30 and\Z&0n’ (Parvu et

al., 1979; Folk, 1980; Arad & Danciu, 2012; Aracaét 2016).

Disaggregation of rocks is also generated by tleenit dilatation differences of various mineral
that are part of them, a phenomena that might atsur during summer, in areas where the
temperature at the surface of nude rocks, on sou#osure slopes, can reach more than 40°C
during warm days (Doraip, 2016).
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Table 3. Value of the geophysical parameters foe tchist and limestone samples

Ry Re n (%) AVp Hg
N/mm? (15 cycl;as) (15 cycles) | (15 cycles) | (15 cycles)
0 0
Rock type Ruf R N/mm 1I|| e Yo Yo
Re| | ReLt | % %
Schist 43 55.4 35 44 31.9 25.9 0.3 0.23
Limestone 35 29 17.14 0.2 0.14

Such significant differences between the tempegatdrthe rocks on the soil in shadowed ares,
compared to the ones located in sunny areas, gistaeed during the summer; the alternating
shadowing- sun exposure, but especially a morenaicaed cooling during evenings might lead to
internal tensions in the rock, generated by misenath different dilatation coefficient and to the
apparition of cracks. For the type of climate innRmia, the significance of this phenomenon is
very low from the perspective of disaggregatiormpared to the gelivation @doane et al., 2000).

4. CONCLUSIONS

Limestone is more resistant to the freeze-thaw ge®es compared to the analyzed crystalline
schist. The determined softening coefficient isheigin the case of schist and confirms their lower
resistance.

Analyzed crystalline schist is more vulnerable eefe-thaw cycleson the parallel direction with
schistosity, as it is a surface of minimal resistam the rock, both before and after the freeasvth
cycles. Although initially crystalline schist wasome resistant to the compression strength
compared to limestone (the value of),Rafter the 15 freeze-thawcycles, they lost a digh
percentage of the resistance to compression.

The softening coefficient in the case of crystallgthist is higher on both directions (perpendicula
25.9% and parallel: 31.9% on/with the schistosiglgn) reported to limestone, which has a
coefficient of only 17.14%.

The capacity of schist to absorb larger volumewater by capillarity, as well as the nearly double
open porosity compared to the one of limestone enitakore vulnerable both to the weathering, as
the gelivation and the (bio)chemical alteration.

Open porosity, secondary porosity, as well as tsoigption coefficient through capillarity, higher
in the case of schist, compared to the one in liomes leads to a higher vulnerability of crystadlin
schist to the mechanical disaggregation caused dhyagjon. This is also accentuated by the
mineralogical (chemical) composition of schist.

The same capacity of the studied crystalline sdioishn easy absorption of water, along side a
higher open porosity reported to the limestoneddeto a microclimate with a higher relative
humidity in the MSS of crystalline shale than ire tMSS of limestone ones; this was confirmed
through the numerous and lengthy evaluations anutorong sessions of the main ecologic factors
of relative humidity and temperature, made duripgraximately three years in different type of
MSS (SSHs). These different values of the relabivenidity lead, in turn, to differences in the
distribution of some biocoenotical components ia two different types (limestone or schist) of
scree or lithosoil.
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