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Abstract. The Struganik limestone has been increasingly popular in recent years for interior and exterior
building applications, due to easy workability, low cost and multi purpose suitability. The quality of limestone
is determined by its mineralogical and textural characteristics and physico-mechanical properties. The
Struganik stone corresponds to marl, clayey limestone and limestone (micritic and allochemical). The lime-
stone is commonly layered, either thinly bedded or banked. Chert concretions are present in all varieties. The
Upper and the Lower Campanian age were deduced by the abundant foraminifers. Micrite limestone is an
autochthonous rock generated in a deep marine environment, whereas allochemical limestone is related to a
shallow marine environment but subsequently brought into a deep-water system.

The mass quality of the Struganik limestone is controlled by variability of lithology and layering. The val-
ues of physico-mechanical properties, such as density, porosity, water absorption and strength, were statisti-
cally analyzed and the obtained data were used to assess the rock quality in the quarry. The relationship among
the quantified properties is described by regression analyses and the equations of the best-fit line.

The Struganik limestone was qualified by its petrological and engineering properties coupled with statisti-
cal analysis. It satisfies the majority of the requirements of the Main National Standard as a decorative stone,
but with a limiting factor regarding abrasive resistance.

Key words: Struganik limestone, western Serbia, petrology, physico-mechanical properties, correlation,
rock quality.

AncrpakT. MHTepecoBame U MPUMEHA CTPYTaHHYKUX KpeUmhaka Kako y eKCTepHjepy, TaKO U Y SHTepHjepy
je y mopacTy moclenmux ronuHa, mocebHo y 3amanHoj Cpouju, 300T HHUXOBE JIake o0paje, HUCKE IIeHE U
MoryhHoCTH pasnnuurte npuMeHe. KBaauTer kpedmaka 3aBHCH O HeTOBUX MHHEPAJOIIKUX U TEKCTYPHHX,
Kao U (pU3NUKO-MEXaHWYKUX CBOjCTaBa. [1eTpONOIIKy, CTPpYraHWYKU Kpedmhaly OAroBapajy JanopuuMma, Iix-
HOBUTHM KpEYmalliMa 1 KpeutbaluMa (MUKPUTCKHU U ajoxeMujcku). OOUYHO Cy CII0jeBUTH, TAHKOIUIOYACTH
Wi OaHKOBHTH. Y CBHM BapHjeTeTHMa jaBJbajy C€ KOHKPELMOHHM pokHauu. Ha ocHOBY OpojHux (opamu-
HHU(]epa OBH CEAMMEHTH Cy CBPCTaHH Y JIOH M FOPHH KaMnaH. MUKPUTCKU Kpedmally Cy ayTOXTOHE CTEHE
HacTajie y TyOOKOBOIHO] MapHHCKO] CPEAMHH, JIOK j& TMOPCKIIO aIOXEMH|CKUX KPECUMhaKa BE3aHO 3a ITUIUTKY
MOPCKY CPEIMHY, OIaKiie Cy IPUHETH Y JTyOOKOBOIHU CHUCTEM.

KBanurer CTpyraHMYKHX Kpedmaka j€ YCIOBJ/bEH JIMTOJNOUIKMM CacTaBOM W THIIOM CJIOj€BHUTOCTH.
Bpennoctn gpu3nuko-MexaHHYKUX CBOjCTaBa, Kao IITO Cy IYCTHHA, IIOPO3HOCT, yNHUjamke Biare u YBpcroha,
CTaTUCTUYKH Cy aHAIU3UPAaHH, a JOOWjeHH PE3yNTaTH Cy KOpPHIINEHH Kao IOKa3aTeJbl KBAJIHUTETa CTEHCKE
Mace kameHonoMa. OJHOCH n3Mel)y HCIIMTHBaHUX CBOjCTABA Cy HCIMTAHU PErPECHOHOM aHAJIN30M U U3paXKe-
HU jemHadnHOM “best-fit line”. Ilerporpadcka M TEXHHYKA CBOjCTBA 3ajE€IHO Ca PE3yNTaTHMa CTaTUCTHUIKE
perpecruoHe aHajJH3e Koja je MPUMEHeHa Y OBOM Pajiy, yKasyjy Ja CTpYyraHHYKH KpeUmhany 10 CBOM KBAJIU-
TeTy MCIyHbhaBajy BehnHy 3axTeBa CXOIHO INIABHOM HAMOHAJIHOM CTAaHAApAY 3a NMPUMEHY apXHTEKTOHCKOT
KaMeHa, a J1a je orpaHn4aBajyhu Gpakrop mUXoBa OTIIOPHOCT IpemMa xabamy.

Kbyune peunm: cTpyraHudku Kpeumak, 3anagHa CpOuja, merposoruja, GU3HUKO-MEXaHWYKE OCOOMHE,
KOpeJaIyja, KBAJIUTET Kpeurmhaka.
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Introduction

Natural stone is one of the most common construc-
tion materials. Dimension stone is used in areas where
the aesthetical properties (color, design), soundness of
the deposit and market demand are crucial factors
(LuoDEs et al. 2000). To be used for the interior and
exterior of buildings, a natural stone must satisfy stan-
dardized physical and mechanical requirements strict-
ly (YacGiz 2010). Petrophysical and mechanical prop-
erties of sedimentary rocks are influenced by the size,
shape, packing of grains, porosity, cement and matrix
content, depending strongly on depositional fabric
and post-depositional processes (ANDRIANI & WALSH
2002). These properties are measured in laboratories
by standardized, relatively simple methods but they
are time consuming and expensive and require a well-
prepared rock sample. For this reason, the modern
world trend in geological and civil engineering prac-

1972; OLLsON 1974; BieNniawsKI 1967, 1975; HuG-
MAN & FREIDMAN 1979; GUNSALLUS & KULHAWY
1984; FREDRICH et al. 1990; WONG et. al. 1996;
HorrMAN & NIESEL 1996; HATZOR et al. 1997, 1998;
TURGUL & ZARIF 1999; PALCHIK ef al. 2000, 2002).

Carbonate deposits with different lithology, age and
quality are widespread in Serbia, making limestone
the most excavated stone for building purposes. In the
western part of Serbia, particularly in the Mionica
area (Fig. 1), there are more than 70 quarries excavat-
ing limestone known as Struganik stone. The first
written data related to the exploitation of this stone
dates back to 1737. In 1861, Struganik stone was used
for the building of the Vienna Opera House.

In the last two decades, the popularity of this lime-
stone and its use as an architectural stone has increased
rapidly due to its cost coupled with aesthetic value,
quality and available reserves. It is still the main build-
ing material in this area, used for exterior and interior
cladding but with limited ap-
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plication mainly due to insuf-
ficient investigations from geo-
logical and engineering as-
pects. Many authors investigat-
ed the stratigraphy of this area
(e.g., ANDELKOVIC 1978), pale-
ontological assemblages (e.g.,
FILIPOVIC ef al. 1978) and tec-
tonic features (KARAMATA et al.
1994, 2000; DiMITRIEVIC 2001;
GERZINA 2002; ROBERTSON et

> s Liig

Struganik

Malien ,

G. Milanovac

0 30km

al. 2009). Only a small number
of recently published papers
provide general information on
the stratigraphy and lithology
of stone in the Struganik area
(VASIC et al. 2001; RABRENOVIC
et al. 2002; VASIC et al. 2005;
GAIc¢ 2007; DIERIC et al. 2009;
Gan¢ & Vasic 2011). Unfor-
tunately, petrological and tech-

Fig. 1. Location of the Struganik limestone in western Serbia, central part of the Vardar
Zone. Right: Terranes of the central part of the Balkan Peninsula (According to
KArRAMATA & KRSTIC 1996; KaArRAMATA 2006 and ROBERTSON ef al. 2009). Key (in
alphabetic order): CBES, Eastern Serbian Carpatho—Balkanides; DIU, Drina—Ivanjica
Unit; DOB, Dinaride Ophiolite Belt; EVZ, Eastern Vardar Ophiolitic Zone; JU, Jadar
Unit; KU, Kopaonik Unit; SMM, Serbo—Macedonian Massif; WVZ, Western Vardar

Ophiolitic Zone.

tice is the investigation of the relationship between
complex mechanical and simple physical properties.
The equations for estimating mechanical properties on
the base of simpler, faster and more economical indi-
rect tests have been presented by a great number of
authors (HANDLIN & HAGER 1957; D’ ANDREA et. al.
1964; DEER & MILLER 1966; BROCH & FRANKLIN

nical features of the Struganik
limestone, data of the depositi-
onal processes and problems of
the quality and assortment of
use have not yet been studied in
detail. Insufficient data raised a
necessity for an improvement
of the exploration methodology
of the Struganik limestone.
Therefore, studies concerning
the fabric of the Struganik limestone and its quality as a
building stone have not only theoretical significance,
but also practical importance for civil engineering.

The object of the present investigation was the old-
est and largest quarry in the Struganik area, with the
same name (Fig. 2), located about 100 km southwest
of Belgrade (Fig. 1).
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This quarry is irregular in shape, elongated in the
NW-SE direction and opened at approximately 0.32
km? (KuanNovi¢ 2007). The extraction in it, 30 years
old, is constrained by bedding planes in limestone
(Fig. 2). The extraction comprises the removal of
large tiles and their cutting into natural-faced slabs
usually 2-3 cm thick using a circular blade saw or
hand tools. These products, with natural appearance,
are packed on a palette and ready for use as external
and interior cladding. Their limited application is
mainly caused by insufficient investigations of their
properties needed to meet the requirements of archi-
tectural stone.

Fig. 2. The “Struganik™ quarry in the Struganik area.

The purpose of this study was a detail determina-
tion of the lithological, structural and textural proper-
ties, and the depositional processes and their link with
physical and mechanical properties. This work pro-
vides new geological data for the Struganik limestone
based on petrological field observations, optical and
chemical analysis of the collected samples, as well as
on results of a statistical analysis of the geomechani-
cal characteristics and, finally, an assessment of the
limestone quality as a building stone.

Geological setting

Geological setting of the Struganik area consists of
Mesozoic formations of Triassic, Jurassic and Creta-
ceous age, and of Quaternary sediments to a lesser ex-
tent. According to ANBELKOVIC (1978), the shallow
Triassic sediments were deposited over the Permian.
Complex and geotectonic processes during the Jurassic
led to the formation of the ophiolite mélange (SCHMID
et al., 2008). The Struganik area is part of the northern
rim of the Maljen ophiolitic massif. This region is in the
Vardar Zone Western Belt (Fig. 1; KARAMATA & KRSTIC
1996; KARAMATA 2006; ROBERTSON et al. 2009).

In the wider area, Cretaceous sedimentation com-
menced with the Albian transgression. Terrigenous-
carbonate and carbonate sedimentation continued
from the Albian to the Maastrichtian, while flysch
(“Ljig flysch”) sediments were deposited in the latest
Senonian (FILIPOVIC et al. 1978).

According to data obtained during geological stud-
ies in the villages Osecenica, Brezde and Struganik,
MARKOVIC & ANBPELKOVIC (1953) considered the
Struganik limestones as Senonian, i.e., as the latest
Cretaceous products in this area. The Cretaceous sed-
iments in the broader Struganik area were studied
recently by VASIC et al. (2001), RABRENOVIC et al.
(2002), GERzINA (2002), VasIC et al. (2005), GaIc¢
(2007), DJERIC et al. (2009), GANC & VasIC (2011).
FiLipoviIC et al. (1978) distinguished within the Creta-
ceous sediments the following members: detrital lime-
stones, claystones and sandy marlstones of Albian
age, conglomerates and limestones of Albian—Ceno-
manian age, Cenomanian conglomerates, limestones,
marlstones and sandstones, organogenic-detrital lime-
stones and marlstones of the Cenomanian—Turonian, a
limestone and limestone—marlstone series of Turoni-
an—Senonian age and Campanian—Maastrichtian fly-
sch (Fig. 3).
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Fig. 3. Simplified geological map of the Struganik area ba-
sed on the Basic Geological map sheet Gornji Milanovac
1:100000 (FiLiPOVIC et al. 1976). Legend: 1, Jurassic ophi-
olite mélange; 2, Triassic shallow sediments; 3, Conglo-
merate and limestone of Albian—Cenomanian age; 4, Ce-
nomanian sediments; 5, Limestone and limestone—marl-
stone series of Turonian—Senonian age; 6, Campanian—Ma-
astrichtian flysch.
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The Turonian—Senonian age of the Struganik lime-
stone is documented by the microfossils: Praeglo-
botruncana helvetica, Rotalipora sp., Globotruncana
lapparenti coronata, etc. (FILIPOVIC et al. 1978). A
recent micropaleontological analysis, i.e., the associa-
tion of pelagic globotruncanas, indicates that these
sediments are of Campanian age (GAJIC 2007). The
age of radiolarians from the layer of smectite clay
within the micrite limestone of the Struganik was
defined as the Coniacian (VASIC et al. 2005; DIERIC et
al. 2009).

Material and methods

Determination of petrological properties of the
Struganik limestone commenced with field observa-
tions in the quarry and preparation of a detailed litho-
logical column. A total of 33 samples were collected
from the lowest level of the quarry for further labora-
tory testing in order to assess the structural and chem-
ical composition of the limestone (Fig. 2). A micro-
scopic analysis of thin sections by optical microscopy
was used to characterize the mineral composition,
microtextural features (size and kind of allochem,
grain orientation, efc.), and content and type of micro-
fossils. Based on the field inspection and the results of
a petrographic (optical) investigation, the rock sam-
ples were classified according to the FoLk (1959) and
DuNHAM (1962) classification scheme. In the same
samples, the contents of CaO and MgO were deter-
mined by the complexometric method (EDTA titra-
tion) using a standardized solution of 1 M EDTA as
the titrant.

In order to examine the quality of the Struganik
limestone as a building stone, the physical (bulk and
apparent density, porosity, water absorption, frost re-
sistance) and mechanical properties (compressive
strength, abrasive resistance) of a total of 18 samples
from the quarry were determined. The laboratory tests
were performed according to the national standards
(Unification of Serbian Standards) at the Laboratory
of the Highway Institute of in Belgrade. The bulk den-
sity is given as mass per unit of apparent volume. The
volume was determined by hydrostatic weighing of
the specimens soaked and suspended in water under
atmospheric pressure (according to SRPS B.B8.032).
On powdery samples, the real densities were deter-
mined using a pycnometer with water as the displace-
ment fluid. From the values for real and bulk density,
the total porosity was calculated (according to SRPS
B.B8.032).

The specimens that were used for the determination
of the bulk density were also used for the determination
of the water absorption, which was determined by
measurement of the mass of water absorbed by the
sample after immersion for 48 h at atmospheric pres-
sure. It is expressed as a percentage of the initial mass

of the sample previously dried at 105 °C to constant
weight (SRPS B.B8.010). The resistance to frost was
determined by 25 cycles of freezing to —25 °C and thaw-
ing according to SRPS B.B8.001. The freeze—thaw tests
were performed on cubic samples to assess the durabil-
ity of the limestone samples by determining their
strength and mass loss after 25 freeze—thaw cycles. The
test procedure involved repeating of cycles where one
cycle involved placing a water-saturated sample in a
freezing chamber for 4 h, after which the sample was
totally immersed in water in a thawing tank for 2 h.

The limestone samples were tested for their me-
chanical properties (compressive strength and abra-
sion resistance). The uniaxial compressive strength
tests (SRPS B.B8.012) were performed on both dry
and water-saturated limestone samples (5x5x5 cm
cube) and on samples that had been subjected to the
freeze—thaw test. According to SRPS B.B8.015, cubic
samples of 7 cm in size were used for determination
of the Bohme abrasion resistance. The test procedure
involved 440 cycles of sample abrasion using abra-
sion dust (crystalline corundum) on a rotating steel
disc under an applied stress of 300 N.

In order to evaluate the relationships between the
physical and mechanical properties, different statisti-
cal analysis techniques (basic descriptive statistics,
correlation, bivariant regression analysis, efc.) were
performed using the SPSS computer program. All the
measured values of the technical properties were sta-
tistical analyzed at the level of significance (a) of
0.05. The descriptive statistical parameters included
the mean, minimum and maximum value, standard
deviation, median, standard error, range, quartiles,
standardized skewness, kurtosis, efc. The Kolmogo-
rov-Smirnov (non-parametric test for normality) was
used with the level of significance set at 0.2.

Subsequently, the results of the laboratory measure-
ments were correlated using the method of least
squares regression. Linear regression (y = ax+b) were
performed and the equations of the best-fit line, the
regression coefficient (R?) and the 95 % confidence
limit were determined for the regressions.

Validation of the regression analyses was confirm-
ed by the Student #-test and by the test of variant
analysis (the F-test).

Petrological properties
of the Struganik limestones

Struganik limestones are the latest Upper Creta-
ceous sediments in this part of western Serbia. The
limestones are best uncovered in the village Stru-
ganik. Exploration were performed in the “Struganik”
quarry and a lithological column about 10 m tall was
constructed (Fig. 4).

The limestones are massive and compact. Their
uniform grayish color throughout the entire deposit is
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Fig. 4. Local lithological column of the lowest level in the “Struganik”quarry.



92 VIOLETA GAJIC, VESNA MATOVIC, NEBOJSA VASIC & DANICA SRECKOVIC-BATOCANIN

Fig. 5. The appearance of the Struganik limestone. a, Beds of Struganik limestone. Thick bed of the allochemical-sparite
limestone with gradation (A). Beds of the micrite limestone (1, 2, 3, 4, 5, 6 and 7). Stylolitic boundary surface between beds
2 and 3. Concretional interlayer of black chert in bed 4; b, Bank of the allochemical limestone with well-developed Bouma
intervals a & b. Interval “a” is calcrudite with fragments of the micrite limestone (caught by turbidity flow). Interval “b” is
calcarenite. Along the boundary between a & b whitish concretional chert is developed; ¢, Upper bedding plane with ripple
marks in fine-grained calcarenite; d, Grouped tracks of life activities on the lower bedding plane in the Struganik limestone
(obscured origin); e, Test of Inoceramus in the micrite limestone.

sporadically disturbed by the presence of dark gray, nation. Allochemical limestone, the second lithologi-
grayish blue or whitish chert concretions. cal member, is related to a shallow marine environ-

The main lithological member is micrite limestone, ment. Subsequently, the shallow water allochems
which represents the autochthonous rock of deep  were transported into a deep-water environment by
water, marine carbonate sedimentation (Fig. 5). turbidity currents to produce either beds or banks
Micrite limestones are layered in thick beds (Fig. 5a). (Fig. 5a) or sporadic packages composed of two or
The distinctive beds display notable horizontal lami-  three beds. Allochem limestone carries textures that
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are characteristic for the turbulent transport (particu-
lar intervals of the Bouma Sequence within the layers,
Fig. 5b).

Mechanical and biogenic textures are common on
the bedding planes in the Struganik limestone (Fig.
5S¢, Fig. 5d). Bedding planes in both of the mentioned
limestones are often stylolitic (Fig. 5a). On the upper
bedding planes in micrite limestones, Inoceramus can
be found abundantly (Fig. 5e).

The third lithological member, concretional cherts,
was produced by silification during diagenesis. The
chert concretions are notable textural, as well as being
a petrological feature of the Struganik limestone. The
chert concretions are uniformly distributed through-
out the whole column in both micrite and allochem-
sparite limestone (Fig. 5a, Fig. 5b).

The paleontological study of the microfauna (many
foraminifers) indicates to Campanian age of the Stru-
ganik limestone (GAJIC 2007). According to the ob-
served association, the first three meters of the column
correspond to the Lower Campanian, whereas the
remaining 7 m of the column corresponds to the
Upper Campanian.

Fig. 6. Photomicrographs of the micrite limestone: a, Bio-
micrite; b, Fossiliferous micrite with globotruncana in the
middle.

Micrite (orthochemical) limestone

The micrite limestone is mainly composed of
microcrystalline calcite — micrite. Non-carbonaceous
compounds are clay minerals, organic matter and sub-
ordinated silty material. According to the CaCO; con-
tent, micrite limestone refers to pure limestone, clayey
limestone and marlstone (Fig. 4). The least amounts
of CaCO; were determined inside the Lower Campa-
nian rocks (marlstone - 55-60 % and clayey limestone
- 70-85 %). This is, beside their micro paleontologi-
cal characteristics, identifiable feature in respect to
the Upper Campanian rocks (86-94 %). The allochem
(biogenic) component is represented by well-preserv-
ed moulds of microorganisms. Pelagic foraminifers
(globotruncana) are prevailing, but some calcispheres
and radiolarians were also registered. The micrite li-
mestone could be defined by the amount of biogenic
component, defined either as micrite and fossiliferous
micrite (less than 10 % of biogenic allochem, Fig. 6a),
or as biomicrite (biogenic allochem exceeding 10 %,
Fig. 6b). According to the DUNHAM classification
(1962), the micrite limestone belongs to Mudstone
and Wackestone.

Allochemical limestone

The allochemical limestones are represented by
alternation of very coarse-grained rudites to fine-
grained calcarenites, regarding their textural features,
i.e., the coarseness of the particles and the allochem
component.

The allochem and orthochem types, the bio-intra-
spar varieties are the commonest (Fig. 7.). Among the
sparry varieties, intrasparrudite, biosparrudite, intra-
biosparrudite, biosparite and intrabiosparite may be
distinguished.

The biogenic allochem compounds include frag-
mented moulds of shallow-water organisms (mol-
lusks), moulds of benthos and planktonic microorgan-
isms as well as algal fragments (Fig. 7.a.). Intraclasts
might be simple or composite. The simple intraclasts
usually occur within the medium and fine-grained cal-
carenite varieties (Fig. 7.b), while the latter were regis-
tered in the coarse-grained varieties of calcarenite of
the allochemical limestone. The amount of CaCOj; (cal-
cite) in these limestones is in general higher than in the
micrite varieties (Fig. 4), attaining from 67 to 96 %.

Depositional environmental

The Pelagic sediments, represented by marlstone,
clayey limestone and limestone, were deposited in the
deeper parts of an Upper Cretaceous sea. All the men-
tioned sediments contain chert concretions, just like
the Struganik limestone. The autochthonous sedi-
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Fig. 7. Photomicrographs of the allochemical limestone: a,
Fine-grained intrabiosparite. In the middle of the photo is a
stylolite seam marked with the accumulation of a sandy
component; b, Coarse-grained biosparite.

ments are marly limestone and marlstone of micrite
and biomicrite composition. The presence of weakly
preserved radiolarians and silica sponges in these
rocks indicates to their formation at depths deeper
than 200 m, while the partial replacement of the
siliceous skeletons with calcite implies an alkaline
environment, most probably with pH 8 during diage-
nesis. The presence of concretional cherts indicates
the presence of organogenic siliceous remains. The
association of rocks and fossil remains is indicative of
sedimentation related to a deep marine environment.
The presence of layers and banks of allochemsparite,
calcarenite and calcrudite with characteristic textures
from the Bouma sequence suggests an intermittent
supply of shallow-water material by turbid flows
along the continental slope, i.e., through the Bathyal
Zone.

It could be concluded that the Struganik limestone
was derived in a deep marine environment, through
deposition on a continental slope.

Physico-mechanical properties
of the Struganik limestone

The results obtained from the statistical analyses of
the physico-mechanical values of the Struganik lime-
stone are given in Table 1. The real density of a rock
is one of its basic properties. It is influenced primari-
ly by the density of the minerals, their content and
amount of void space inside the rock (BELL & LIND-
saY 1999). In the investigated samples of Struganik
limestone, the real density displayed little variation
and range from 2700 to 2720 kg/m3, with a mean
value of 2710 kg/m3. The bulk density also varied
slightly due to the low amount of void space and was
in range 2610 to 2680 kg/m3, with a mean value of
2650 kg/m3. All of the tested samples had a moderate
density according to BILBUA & MATOVIC (2009). The
values of the absolute porosity varied from 1.10 to
3.30 %. Central tendency parameters indicated a neg-
ative asymmetrical unimodal distribution of the
porosity, with the most frequency class (1.0-1.5 %) of
43 %. According to the mean value of 2.0 %, these
limestones generally have a low porosity, although in
some samples a moderate porosity was detected (BIL-
BIJA & MATOVIC 2009). The obtained values of water
absorption (from 0.17 to 0.67 % with an average value
of 0.4 %) indicate a very low water absorption by the
Struganik limestone. All the investigated limestone
samples were resistance to frost. The mass loss after
freezing and thawing was low due to the low porosity
of the Struganik limestone.

The values of the central tendency for all the phys-
ical parameters were similar and indicate to a sym-
metric, unimodal distribution conforming closely to a
Gauss curve. The statistical parameters of the Kolmo-
gorov-Smirnov test confirmed that all the tested sam-
ples had a normal distribution of the measured values
of the physical properties (D, > D,,, Table 1).

The dry unconfined compressive strength values of
the limestones varied between 48 and 189 MPa, with
a mean value of 134 MPa (Table 2). Most of the tested
samples were very strong (strength > 150 MPa), while
over a quarter of the samples were moderately strong
according to the proposed strength classification of
BILBIA & MATOVIC (2009). The values of the saturated
compressive compression strength were between 41 to
177 MPa, with an average value of 120 MPa. The mean
of the water saturated samples was 10 % lower than
that in the dry state, while after 25 freeze—thaw cycles,
it had decreased by 4 % to 129 MPa (mean value),
indicating that the Struganik limestone is durable to
freezing and thawing. The negligible decrease in the
unconfined compressive strength reflects that the
amount of saturated water is not an important factor
for the strength reduction. A significant reduction in
the strength appeared when the porosity of the lime-
stone exceeds 3 % (the reduction was about 30 %).
The values of volume loss on wear (Béhme abrasion
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The results of regression analysis indicate to a pro-
minent relationship between the dry compressive
strength (o) and the water equivalent (o). The trend

value) varied from 13.5 to 23.2 cm3 per 50 cm2. In
terms of the mean value, this limestone is a hard to
moderately hard rock (BILBA & MaTtovic 2009).

Table 1. Statistical parameters of physico-mechanical properties of the Struganik limestone. Legend: n, number of samples;
X, mean; Vnin Minimum values; V., maximum value; PX-yso,, confidence intervals for the mean; M, median; Md, Mod;
R, range; Q;, Eluartile range; O, lower quartile; Q,, upper quartile; S2, variance; S, standard deviation; As, Skewness; Kt,
Kurtosis; SE, standard error; D, value of the largest absolute difference between the observed and the expected cumula-

tive distributions; p, confidence interval; D, critical value; a, probability level.

Technical properties
statistical |Bulk density | Real density | Porosity | Water absorption | Strength dry | Strength water| Strength frost | Wear abrasive
parameters (ZSP) (ZBP) P) (Uv) (oy) (o) (COm) (Hy)

n 18 7 7 16 18 18 7 18
X 2650 2710 2,0 0,40 134 120 129 19,36
Vnin 2610 2700 1,1 0,17 48 41 52 13,5
Vinax 2680 2720 3,3 0,67 189 177 174 23,15
PX .95 2640 2700 1,35 0,32 109 96 91 17,9

-2660 -2720 -2,78 -0,48 -159 -144 -168 -20
M 2650 2700 2,3 0,40 152 138 148 19,29
Md 2650 2700 2,3 0,50 156 146 148 22,2
R; 70 20 2,2 0,50 141 136 122 10
0, 30 20 1,17 0,21 99,75 88 58 3,55
Q, 2640 2700 1.4 0,28 85 68 102 18,22
Q? 2670 2720 2,57 0,50 181 156 160 21,77
s 365 114,28 0,59 0,02 2503 2323 1729 7,637
S 19,11 10,69 0,77 0,14 50,03 48,20 41,58 2,76
As -0,60 0,37 0,32 0,02 -0,626 -0,477 -1.19 -0,74
Kt 0,05 -28 -0,74 -0,59 -1,181 -1,355 1,18 -0,06
SE 4,50 4,04 0,29 0,03 11,79 11,36 15,71 0,65

Kolmogorov-Smirnov test of normal distribution (D,,,,) a=0.20

Diyax 0,135 0,360 0,197 0,077 0,166 0,184 0,240 0,168
p 0.893 0.324 0.949 0.996 0.699 0.571 0.814 0.683
Der 0,244 0,381 0,381 0,258 0,244 0,244 0,381 0,244
Distrib. | Normal Normal Normal Normal Normal Normal Normal Normal

Regression analysis

Regression analysis was applied to obtain relation-
ships between the mechanical and physical properties
of the Struganik limestone. Some of these relation-
ships and the best-fit curves between the different
parameters are shown in Fig. 8. The relationships
show fairly higher correlations between the bulk den-
sity (ZSP) and the porosity (P). The relationship be-
tween them is highly significant with a correlation
coefficient of —0.929 and a Students #-value of —5.598
(p <0.05; Fig. 8a). The cross plot of porosity and bulk
density shows a general trend of increasing bulk den-
sity with decreasing absolute porosity. The plot sug-
gests that the bulk density may be used to obtain the
value of the porosity.

is positive and clearly linear with a regression coeffi-
cient RZ =93 % and a Students ¢-value of 14.717 (Fig.
8b). Comparing the value of the dry strength (o) and
that after the freeze—thaw cycles (o,,), the correlation
is positive and high statistically significant with a
regression coefficient R2 = 78 % (¢t = 4.159; Fig. 8c).
Low correlations with no significant Pearson coeffi-
cients were obtained for all the other physico-mechan-
ical properties.

Validation of this model was confirmed by the #-test
and analysis of the variance (Table 2). As can be seen
in Table 2, all the regression coefficients are signifi-
cant at the 95 % confidence level. The computed #-va-
lues are greater than the tabulated critical z-values of
+2.36 and +2.10 for the obtained models. The analy-
sis of variance follows an F-distribution with degrees
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Fig. 8. Relationship between physico-mechanical proper-
ties: bulk density vs. porosity (a); compressive strength dry
vs. water equivalent (b); compressive strength dry vs. the
after freezing equivalent (c).

of freedom df| = 1 and df; = 5 for models with samples
number of 7, therefore the critical region consists of
values exceeding 6.61. For the model with a sample
number of 18 (df; = 1 and df; = 16), the corresponding
critical F' value is 4.49. All the computed F values were
greater than those tabulated; thus, the null hypothesis
can be rejected and it can be concluded that all equa-
tions are significant according to the F-test.

Discussion and conclusions

The presence of two lithological types of limestone,
i.e., micrite and allochemical, was emphasized. Mi-
crite limestone is the autochthonous rock of a deep
water, marine environment. In the original terminolo-
gy (FoLk 1959), these limestones are considered as
orthochemical. The allochemical limestones were
derived from shallow-water material that was brought
by turbidity currents into the system. The Struganik
limestone represents a series of marlstone, clayey li-
mestone and limestone. Concretional cherts and many
microfauna are present in all the distinguished vari-
eties. Among the macrofaunal remains, inoceramus is
the most frequent.

Generally, the values of physico-mechanical prop-
erties indicate the good quality of Struganik limestone
as a dimensional stone. Their quality and way of ex-
ploitation are directly governed by their petrological
properties. Pronounced layering in the micrite vari-
eties results in their exploitation in the form of thin
plates and simultaneously determines the dimensions
of the final products. As Struganik limestone is used
as natural-faced slabs, this texture is undoubtedly a
significant economic factor in that it simplifies the
process of final shaping. Allochemical, banked lime-
stone, is used to a lesser extent due to its mode of
appearance and economic interests. The petrological
heterogeneity of the Struganik limestone, including its
textural and structural characteristics, has an impact
on the numerical values of its physico-mechanical
properties. Statistical analysis showed notable varia-
tion in important mechanical parameters, i.e., in major
criteria, for the application of the stone. This is the
consequence of not only the natural heterogeneity of
the rock mass, but also probably partially of the fabric
and structural differences between the investigated
samples. The results of the regression analysis pre-
sented in this paper imply that the porosity could be
deduced from the bulk density values. Similarly, using
the regression equation, the values of the strength of a
water-saturated sample or a sample after freezing
could be accurately determined using values of the
strength in the dry state that was estimated in the lab-
oratory.

However, other properties cannot be estimate with
any confidence due to low regression coefficient. It
should be emphasized that the analysis was performed
on a statistically small number of sample, which addi-
tionally affected the obtained results. The real density
of limestone is relatively constant as was to be expect-
ed due to the uniform mineral composition. The bulk
density had a value range of 70 kg/m3, which is prob-
ably related to small range in the porosity of this lime-
stone. However, the inverse relationship between the
porosity and the bulk density was predicted. Gene-
rally, these limestones have low interparticle and
intraframe (intraskeletal) porosity, which results from
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Table 2. Data on validation of regression models.

— Pavement of exterior ver-

tical surfaces up to 30 m in

degree of freedom i i i .
Model| 7-test t-critical £ F-test | p (0=0.05)| F-critical height in objects; . .
— Pavement of exterior hori-
af df; ;

zontal surfaces with moderate

-5.598 +2.36 1 5 31.33 0.003 6.61 trailer traffic (if the value of the

14.717 +2.10 1 16 216.18 0.000 4.49 wear abrasive is max. 18 cm3

3 4.160 +2.36 1 5 17.30 0.009 6.61 per 50 cm? or lower).

the depositional process. However, some higher val-
ues of porosity (secondary type: stylolite and micro
fissures) are probably caused by post depositional
processes. The very low value of water absorption is
in agreement with that of their porosity. Even in sam-
ples with a porosity value of 3 % or higher, the water
absorption was very low (under 0.4 %). This means
that these rocks contain isolated, unconnected pores
or micro-cracks unable to receive and retain water.
The low values of water absorption indirectly imply
limestone resistance to frost.

The mechanical properties data of the Struganik
limestone point to its variable quality, which is in
accordance with the petrological heterogeneity of the
rock mass. The same part of the rock mass is strong to
moderately strong regarding the unconfined compres-
sive strength. Simultaneously, it is hard to moderately
hard rock concerning its wear abrasive. Samples with
high values of strength (over 150 MPa) and lower val-
ues of abrasive resistance (below 18 cm3 per 50 cm?)
probably correspond to micrite, fossiliferous micrite
or biomicrite. On the other hand, layers/banks of bio-
intra-spar varieties as well as layers with a higher clay
content (marly limestone and marlstone) are present
in the quarry. This may be the main cause for the very
low strength values (below 70 MPa) and poor resist-
ance to wear (over 22 cm3 per 50 cm?). Additionally,
the presence of chert concretions, variable layer thick-
ness, lamination, stylolite and other textural forms are
reasons for the variable technical properties.

All the mentioned parameters are limiting factors for
the use of the Struganik limestone as a dimension stone.
Namely, the thickness of the final slabs is naturally
defined by the layering, whereas the pronounced petro-
logical heterogeneity requires selective exploitation.
The statistically analyzed data confirmed that the aver-
age values of the technical properties satisfy the major-
ity of the requirements of the national standard for
stone slabs (SRPS B.B3.200 national standard without
obligatory use). Unfortunately, the average value of the
abrasive wear is higher than the limit for some applica-
tions of building stone and actually represents the main
limiting factor. According to this standard, in the case
that the tensile strength has been previously deter-
mined, the Struganik limestone may be used for:

— Pavement of interior vertical surfaces and hori-
zontal surfaces with intensive and moderate trailer
traffic;

Compact, thinly bedded mi-
crite varieties of chemically
pure limestones entirely fulfill the requirements for
the above-listed purposes, whereas the banked allo-
chemsparite varieties or beds with an elevated content
of clayey components should be avoid as dimension-
al stone.

Acknowledgements

Authors would like to thank ELENA KOLEVA-REKALOVA
(Bulgaria) and LADISLAV PALINKAS (Croatia) for their very
helpful and much appreciated comments and suggestions
for the improvement of the manuscript. We are grateful to
the “GABP” Editor in Chief VLADAN RADULOVIC (Serbia)
for his help. This work was supported by the Ministry of
Education and Science of the Republic of Serbia, Project
No. 176019 and 176016.

References

ANDRIANI, G.F. & WALSH, N. 2002. Physical properties and
textural parameters of calcarenitic rocks: qualitative and
quantitative evaluation. Engineering Geology, 67: 5—-15.

ANDELKOVIC, M. 1978. Stratigrafija Jugoslavije — paleozoik
i mezozoik. 1017 pp. Univerzitet u Beogradu, Beograd
(in Serbian).

BELL, F.G. & LinDsAy, P. 1999. The petrographic and geo-
mechanical properties of some sandstones from the
Newspaper Member of the Natal Group near Durban,
South Africa. Engineering Geology, 53: 57-81.

BIENIAWSKI, Z.T. 1967. Mechanism of brittle rock fracture:
Part I. Theory of the fracture process. International
Journal of Rock Mechanics and Mining Science &
Geomechanics Abstracts, 4: 395-406.

BiLBUA, N. & Marovi¢, V. 2009. Primenjena petrografija,
svojstva i primena kamena. 417 pp. Gradevinska knjiga,
Beograd (in Serbian).

BroOCH, E. & FRANKLIN, J.A. 1972. The point-load strength
test. International Journal of Rock Mechanics and
Mining Science & Geomechanics Abstracts, 9: 669-697.

D’ANDREA, D.V., FiscHER R.L. & FOGELSON, D.E. 1964.
Prediction of compressive strength from other rock prop-
erties. Colorado School of Mines Quarterly, 59: 623—-640.

DEERE, D.U. & MILLER, R.P. 1966. Engineering classifica-
tion and index properties for intact rocks. Technical
Report Air Force Weapons Laboratory, New Mexico,
No. AFNL-TR, 65-116.



98 VIOLETA GAIJIC, VESNA MATOVIC, NEBOJSA VASIC & DANICA SRECKOVIC-BATOCANIN

DMITRIEVIC, M.D. 2001. Dinarides and the Vardar Zone: a
short review of the geology. Acta Vulcanologica, 13: 1-8.

DunbaaM, R.J. 1962. Classification of carbonate rocks
according to depositional texture. /n: HAM, W.E (ed.),
Classification of Carbonate Rocks. American Associ-
ation of Petroleum Geologists Memoir, 1: 108—121.

DJERIC, N., GERZINA, N., GAJIC, V. & VASIC, N. 2009. Early
Senonian radiolarian microfauna and biostratigraphy
from the Western Vardar Zone (Western Serbia). Geolo-
gica Carpathica, 60: 35-41.

FiLipovi¢, 1., PavLovi¢, Z., MARKOVIC, B., RoDIN, V.,
Markovic, O., GAGIC, N., ANTIN, B. & MILICEVIC, M.
1976. Basic geological map 1:100 000, Sheet Gornji
Milanovac. Federal Geological Survey, Belgrade.

FiLirovic¢, 1., MArRkoVIC, B., PavLovi¢, Z., RopiN, V. &
MaRkOVIC, O. 1978. Explanatory booklet for the Sheet
Gornji Milanovac (Basic Geological map of Former Yu-
goslavia 1:100 000). Federal Geological Survey, 71 pp.,
Belgrade.

FoLk, R.L. 1959. Practical petrographic classification of
limestone. American Association of Petroleum Geolo-
gists Bulletin, 43, 1-38.

FREDRICH, J.T., EVANS, B. & WONG T.F. 1990. Effect of grain
size on brittle and semibrittle strength: implications for
micromechanical modelling of failure in compression.
Journal Geophysics Research, 95: 10907-10920

GAIC, V. 2007. Petrology of Upper Cretaceous sedimenta-
ry rocks in the area Struganik—Planinica (Western
Serbia). Unpublished MSc thesis, 108 pp. Faculty of
Mining and Geology, University of Belgrade (in Ser-
bian, English abstract).

GAN¢, V. & Vasi¢, N. 2011. Structures of the Struganik
limestones. 1st International Conference: “Harmony of
nature and spirituality in stone”. Kragujevac, Serbia,
63-74.

GERZINA, N. 2002. Geological setting of the Vardar Zone
between Struganik and Divcibare. Unpublished MSc
thesis, 93 p.p. Faculty of Mining and Geology, Univer-
sity of Belgrade (in Serbian, English abstract).

GUNNSALLUS, K. L. & KuLHAWY, F. H. 1984. A comparative
evaluation of rock strength measures. International
Journal of Rock Mechanics and Mining Science &
Geomechanics Abstracts, 16: 233-248.

HANDLIN, J. & HAGER, R.V. 1957. Experimental deforma-
tion of sedimentary rock under a confining pressure.
Journal of the American Association for Petroleum
Geology, 41: 1-50.

Harzor, Y. H. & PALCHIK, V. 1997. The influence of grain
size and porosity on crack initiation stress and critical
flaw length in the Dolomites. International Journal of
Rock Mechanics and Mining Science & Geomechanics
Abstracts, 34: 805-816.

HaATzOR, Y.H. & PALCHIK, V. 1998. A microstructure-based
failure criterion for Aminadav Dolomites. International
Journal of Rock Mechanics and Mining Science & Geo-
mechanics Abstracts, 35: 797-805.

HorrMAN, D. & NIeSEL, K. 1996. Relationship between
pore structure and other physico-technical characteris-

tics of stone. Proceedings 8th Internationl Congress on
deterioration and conservation of stone, 461-472.
Berlin, Germany.

Hugman, R. H. H. & FrRIEDMAN, M. 1979. Effects of texture
and composition on mechanical behavior of experimen-
tally deformed carbonate rocks. American Association of
Petroleum Geologists Bulletin, 63: 1478—1489.

KARAMATA, S. 2006. The geological development of the
Balkan Peninsula related to the approach, collision and
compression of the Gondwanan and Eurasian Units. /n:
ROBERTSON, A.H.F. & MOUNTRAKIS, D. (eds.), Tectonic
Development of the Eastern Mediterranean Region.
Geological Society, Special Publications, 260: 155-178,
London.

KARAMATA, S., KNEZEVIC, V., MEMOVIC, E. & POPEVIC, A.
1994. The evolution of the Northern Part of the Vardar
Zone in Mesozoic. Bulletin of the Geological Society of
Greece, 30: 479-486.

KARAMATA, S. & KRSTIC, B. 1996. Terranes of Serbia and
neighboring areas. In: KNEZEVIC, V., DORPEVIC, P. & KR-
STIC, B. (eds.), Terranes of Serbia, 25-40. Belgrade
University and Serbian Academy of Science and Art,
Belgrade.

KARAMATA, S., OLunc J., ProTi¢ LJ., MiLovaNoOVIC, D.,
VuinNovi¢ L., PopevIC A., MEMOVIC, E., RADOVANOVIC,
Z. & RESIMIC-SARIC, K. 2000. The Western Belt of the
Vardar Zone — the remnant of a marginal sea. In: KARA-
MATA, S. & JANKOVIC, S. (eds.), Proceedings of the Inter-
national Symposium “Geology and Metallogeny of the
Dinarides and the Vardar Zone”, 1: 131-135. Academy
of Sciences and Arts of the Republic of Srpska,
Collections and Monogrphs 1, Department of natural,
Mathematical and Technical Sciences.

Kwuanovi¢, V. 2007. Elaborat o rezervama kre¢njaka kao
TGK i AGK u lezistu “Struganik” kod Mionice. Fond
stru¢ne dokumentacije Geoloskog instituta Srbije, 86 pp,
Beograd (in Serbian).

LuobEs, H., SELONEN, O. & PAAKKONEN, K. 2002. Evalua-
tion of dimension stone in gneissic rocks — A case histo-
ry from southern Finland. Engineering Geology, 52:
209-223

MARKOVIC, O. & ANPELKOVIC, M. 1953. Geological com-
position and tectonics of wider surroundings of villages
Osecenica, Brezde and Struganik (Western Serbia).
Zbornik radova Srpske akademije nauka, 33 (5):
111-150 (in Serbian, summary in French)

OLsSON, W.A. 1974. Grain size dependence of yield stress in
marble. Journal of Geophysical Research, 32: 4859-4862.

PaLcHIK, V. & Hartzor, Y.H. 2000. Correlation between
mechanical strength and microstructural parameters of
dolomites and limestones in the Judea Group, Israel.
Israel Journal of Earth Science, 49 (2): 65— 79.

PALCHIK, V. & HATZOR, Y.H. 2002. Crack damage stress as
a composite function of porosity and elastic matrix stiff-
ness in dolomite and limestones. Engineering Geology,
63: 233-245.

RABRENOVIC, D., VASIC, N., MITROVIC-PETROVIC, J., RADU-
LOVIC, V., RADULOVIC, B. & SRECKOVIC-BATOCANIN, D.



Petrophysical and mechanical properties of the Struganik limestone (Vardar Zone, western Serbia) 99

2002. The Middle Cenomanian basal series of Planinica,
Western Serbia. Geoloski anali Balkanskoga poluostrva,
64: 13-43.

ROBERTSON, A., KARAMATA, S. & SARI¢, K. 2009. Overview
of ophiolites and related units in the Late Paleo-
zoic—Early Cenozoic magmatic and tectonic develop-
ment of Tethys in the nothern part of the Balkan region.
Lithos, 108: 1-36.

ScHMID, M. S., BERNOULLIL, D., FOGENSCHUH, B., MATENCO,
L., SCHEFER, S., SCHUSTER, R., TISCHLER, M. &
Ustaszewskl, K. 2008. The Alpine-Carpathian—Dina-
ridic orogenic system: correlation and evolution of tec-
tonic units. Swiss Journal of Geosciences, 101: 139—183.

TUGRUL, A. & ZARIF, L.H. 1999. Correlation of mineralogi-
cal and textural characteristics with engineering proper-
ties of selected granitic rocks from Turkey. Engineering
Geology, 51: 303-317.

Vasi¢, N., KosTti¢, M., Buric, S. & RABRENOVIC, D. 2001.
Highly magnesian smectite clay in the basal series of the
Albian—Cenomanian of Planinica (Western Serbia).
Mineralogy, Godisnjak jugoslovenske asocijacije za
mineralogiju, 3: 78-85.

Vasi¢, N., GAn¢, V., RABRENOVIC, D., MILOVANOVIC, D.,
DERIC, N. & KosTIC, M. 2005. Pyroclastic rock in the
Upper Cretaceous carbonaceous sediments from Stru-
ganik. 14th Geological Congress of Serbia and Montene-
gro, 113—114, Novi Sad.

WonG, R.H.C., CHau, K.T. & WaANG, P. 1996. Micro-
cracking and grain size effect in Yuen Long marbles.
International Journal of Rock Mechanics and Mining
Science & Geomechanics Abstracts, 33: 479-485.

YAGIz, S. 2010. Geomechanical properties of construction
stones quarried in south-western Turkey. Scientific
research and essays, 7150-757.

Pe3nme

IleTpodu3nuke u MeXaHMYKe 0COOUHE
CTPYraHUYKHMX Kpeuwaka (Bappapcka
30He, 3anagHa Cpouja)

[Ipuponau kameH je HajBuiIe kopuirheH rpalheBuH-
CKH MaTepHjaJl Ha CBETY, KaKo 3a YHYTpallliba Tako U
3a criosbalima 3uaama. Jla Ou ce KOpucTHo y rpa-
heBuHApPCTBY, KaMeH Tpeba na mocemyje nobap KBa-
JUTET OMHOCHO (M3WIKO-MEXaHWYKa CBOjCTBAa KOja
3a7I0BOJbABAjy 3aXTeBE CTaHAapaa y rpal)eBUHAPCTBY.
KapOonaTtHe Hacnare paszin4uTe JUTOIOTH]E, CTApo-
CTH M KBaJUTETa Cy MIMPOKO paclpOCTpameHe Y
Cpbuju ma cy u Kpedmany Hajuenrhe KopuiheH rpa-
heBuHCKN KaMeH. Y MHIYCTPHjH apXUTEKTOHCKOT Ka-
MEHa 3Ha4ajHO MECTO 3ay3uMa CTPYTaHWYKH Kped-
BaK, HAJIIO3HATHjH YKpacHU KaMmeH 3amagHe CpoOuje
4yHja je eKkcIuioaTanuja 3anodena jom y 18. Bexy. [la-
Hac, Bume on 70 kameHoiloMa 00aBjba AKTHUBHY
eKCIUToaTanujy Kpeumaka y obmactu CTpyraHuka u
IUpe, aiu yciel HEeJOBOJbHE T€OTEXHHUYKE HCTpa-

XKEHOCTH OBE CTEHE HMajy jOLl YBEK OTrpaHHYCHY
npuMeHy y rpaleBunapctBy. Pan npencrasspa cuHTe-
3y pesynrara JeTajbHUX HETPOJIOIIKUX U TEeXHUYKH
WCTIUTHBaMka Kpedmaka W3 HajcTapujer u Hajeher
MTOBPIIMHCKOT Koma ,,CTpyraHuk*, HHTepHepeTamujy
JETIO3UIIMOHE CPEINHE CTBapama Kpedmaka, Kao KO-
penanujy Gpu3NIKO-MEXaHUYKUX KapaKTepUCTUKA Tj.
yTHLA] METPOJIOUIKNX KapaKTEepUCTUKA HAa KBaJUTET
CTEHCKE Mace.

[Ipema meTpIOMWIKUM KapaKTEpUCTHKaMa, MHHE-
pPAJIHOM U XEMHjCKOM CacTaBy, CTEHCKY Macy IOBp-
LIMHCKOT Koma ,,CTpyraHuk® rpaje Jamnopuu, [IMHO-
BUTH Kpeumaly U Kpedmauu. CTparurpadcku OHU
MpUIIaZajy OBEM U TOpHEeM KaMIlaHy, a HOBa OT-
kpuha aconmjamnuje MenamKknxX [MOOOTPyHKaHH]IA
oTBphyjy BUXoBYy KaMmaHCKy ctapocT (I'Ajun 2007).
Kpeuwanu cy jenpu, KOMIAKTHH Ca XOMOT'€HOM CH-
BoM 00joM KOjy AETUMHYHO HapyIlaBa IPHUCYCTBO
TaMHOCHBHMX KOHKpelnuja pokHaua. OCHOBHH TeK-
CTYpHH OOJHK T0jaBJbHBAFa KPEUMaKa j€ CII0jeBH-
TOCT ca IOMHHAHTHOM Ae0JpuHOM o1 5—15 cm. Cioj-
HE TOBPILIM Cy PaBHE WIH CTUJIONUTCKE, & HA TOPHUM
MTOBPITMHAMA C€ Haja3e 1 OpOjHH OMOTEHU TEKCTYPHH
OONUIIM M TParoBu Oorare >KUBOTHE akTHBHOCTU. Of
WHTEPHUX TEKCTYPHUX OONIMKa jaBJhajy Ce XOpHU30H-
TaJHa JAMUHALWja, CTUJIONUTCKU IIaBOBH M BeoMa
KapaKkTepCTHYHA KOHKPELNOHa Tena poxkHana. [lame-
OHTOJIOIIKA aHajn3a MHKpodayHe MoKazama Cy Ja
JOWH J1e0 JUTOJOMKOr cTy0a crparurpadceku mpu-
Iajia JOKkEeM KaMIlaHy a MPeocTajIux celaM MeTapa —
ropwmeM Kammnasy. [IpemMa cTpyKTypHUM KapakTepu-
CTHKaMa H3/Bajyjy C€ [IBa OCHOBHA JHMTOTHUIIA Kpe-
YHhaKa: MUKPUTCKH — OPTOXEMH]jCKH, ayTOXTOHH Kpe-
gymanu (Mudstone, Wackestone) u amoxemujcku
Kpeumaly, Ono-unTpa-cnap Bapujeretu (Grainstone,
petko Rudstone). OcHOBy MUKPHUTCKHX KpEUmhbaka
rpajii MUKPOKPUCTAJIACTH KAJILUT J0K HEKapOOHATHU
JIe0 YMHE MUHEPAJIM IJIMHA, OpraHcKa MaTepuja U aje-
BPHUTCKa KOMIIOHEHTa. brorena KoMIioHeHTa je mpen-
CTaBJbeHa AOOPO OYYBaHMM JbYIUTypHLIAMa IeJall-
kux popamunudepa (Globotrunkanide) v y 3aBucHo-
CTH Ol HBUXOBOT Cajpikaja pasjiMKyjy c€ MHUKPUTH,
dbocwmdeparn MUKpUTH u OMoMuKpuTH. Calpixkaj
CaCOj; y oBuM cTeHaMa Bapupa of 55 10 94 %. ban-
KOBUTH OWO-WHTpa-criap BapHujeTeTH (WMHTpacmappy-
IUTH, OWOCTIApPYIWTH, OMOCIIapuTH, WHTpabuocma-
pUTH) Cy m3rpalleHn o pasHOBPCHOT OHOTEHOT ajlo-
xeMma ((pparMeHTH JpyIITypa IUINTKOBOAHUX OPraHu-
3aMa, JpYIITypHUlle OEHTOCKUX M IUIAHKTOHCKUX MH-
Kpoopranuzama, parMmeHTH ajiru) ¥ MpocTHx 10 cJo-
XKEHUX uHTpaknacta. [Ipupona TpaHcmopra kojuM je
MaTepHjan IpuHelIeH y 6aceH oMoryhmia je pa3Boj
HHTEPHUX TEKCTypa KapaKTepPCTHUHHX 3a boymuny
cekBeHny. Canpxaj CaCO; y OBHM CTeHama Bapupa
oxn 86 mo 98 %.

Ha ocHOBy meTpoomkux nokasarejba yTBpheHo je
Jla Cy ayTOXTOHHM MHUKPUTCKH BapHjeTeTH IEJalIK{
CEIMMEHTH TaJO)KEHH Ha KOHTUHEHTAJIHO] MaJuHU Y
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IyOOKOBOZHO] CPEOUHH TOPHOKPETHOT MOpa, 0K
MIPUCYCTBO CII0jeBa M OaHaKa aJoXeMOCIapUTCKUX
KaJIKapeHHTa M KaJKpyIuTa yKa3yjy Ha IOBPEMEHH
NPUHOC TUINTKOBOIHOT Marepujana TypOUIUTHUM
TOKOBMMA HN3 KOHTHHEHTAJIHY TaJNHY.

KBamuter cTpyraHHYKOr Kpedmaka Kao YKpPacHOT
KaMeHa Y GYHKIIH]jU j€ ’erOBOT MUHEPATHOT CacTaBa,
ckiona M (U3MYKO-MEXaHWYKUX CBojcTaBa. Ilpema
CTaTHCTUYKHUM TOKa3aTeJbuMa NCTIIMTHBAHNU KPEUmaK
NPUITaga KaTeropruju YMEPEHO TEMIKOT, KOMITAaKTHOT U
TBpAOT KaMeHa ca BpJI0O MajMM YIHjameM BOJE,
cpenme 10 BHCOKe uBpcTohe mpema mputHcKy. KBa-
JUTET W HAuyUH eKcIuloaranuje mpenoapehenn cy
eKCTepHUM M HHTEPHUM TEKCTYPHHM OOIUIMMA.
W3paxeHa CII0jEeBUTOCT MHKPHTCKHX BapHjeTeTa
YCIIOBHJIA je: eKCIIoaTalujy y OONMKy TaHKUX TIJI04a,
JIMMEH3Hje TOTOBUX MPOM3BO/A; PABHU CJIOj€BUTOCTH
Cy NpUpOAHE, au W (pUHATHE MOBPIIM OBE BPCTE
apXUTEKTOHCKOT KaMeHa. [leTposomka XeTeporeHocT
CTEHCKE Mace YCJOBHJA je BEIMKYy BaphjaOMIIHOCT
HYMEPUYKHX BPCIHOCTH (PH3MIKO-MEXaHHYKHX Ka-
PAKTEPUCTHKA Tj. [IABHUX KPUTCPHjyMa 3a IPUMCHY
KkameHa. I'ycTHHa Kpeurbaka je pelaTHBHO KOHCTAHTHA
IITO jé ¥ OYEKUBAHO C 003MpPOMa Ha yjeHAYCHU MHU-
HepaJlHH cacTaB. 3alpeMUHCKA Maca MOoKasyje Maju
OITICET Bapupama — MOCJIEIUIA PEIATUBHO yjeAHAYCHE
nopo3Hoctu. CTpyraHWYKH KpeumaK HMa HUCKY
MHTEPIAPTUKYJapHY M HHTEPCKEJETHY IMOPO3HOCT
Koja je pe3ynTar Iemo3WIMOHUX mporeca. Hucke
BPEAHOCTH yINHjama BOJAE HMHAMPEKTHO YyKasyjy Ha

OTIOPHOCT Kpeukhaka Ha arpecuBHO JEjCTBO Mpasa
IITO je MOTBPhHEHO M JTabOpaTOPHjCKUM aHaJIH3aMa.
UspcToha Ha MPHUTHCAK M OTIIOPHOCT Ha Xabame Cy
TEXHUYKH TapaMeTpu ca HajBehuM BapupameMm
BPEIHOCTH. Y30pIHM Kpedmaka ca BHCOKHM BPEIHO-
ctuMa uBpcTohe Ha mputucak (uzHag 150 MPa) u
BHCOKOM OTIOpHOMIhY mpema xabamy 6pymeH,eM
(<18 cm3/50cm?) onrosapajy MHKDHTCKHM BapI/IJCTC—
THMa JIOK OMO-WHTpa-Crap BapujeTeTH U BapHjeTETH
ca BUCOKHMM CaJpKajeM IJIIMHOBHTE KOMITOHEHTE
ONIrOBapajy cTeHama yMmepeHe d4Bpcrohe, a HhHXOBa
HIDKa a0bpa3vBHA OTIIOPHOCT je W IVIaBHH OTpaHHYa-
Bajyhu dakrop npumene. Pesynraru perpecrnone aHa-
JM3€e IPUKa3aHu y pany, MoKasyjy /a Cy MOPO3HOCT U
3allpeMUHCKAa Maca y JUPEKTHOj JHHEpPaHO] 3aBH-
CHOCTH Ca BHCOKHM CTAaTUCTUYKU MOY3IaHUM Koe(H-
jeHToM perpecHje. Bucoky melyycoOHy nmHeapHY
3aBHCHOCT IIOKa3yjy W mapameTpu uBpctohe Ha
MPUTHCAK Y CYBOM, BOZ03aCHNCHOM CTamby y HOCIe
nejctBa Mpasza. Ocrana (U3MYIKO-MEXaHHYKa CBOj-
CTBa, yCIieJ HHUCKOT PETrpecHOHOr KOeQUIIMjeHTa
HEMajy CTaTUCTHUYKH 3Ha4ajHe (DyHKIIH]je 3aBHCHOCTH.

Ha ocHoBy pesynrara cTaTHCTHYKe aHaimu3e (u-
3WYKO-MEXaHWYKHX CBOjCTaBa MOXKE C€ 3aKJbYUHTH 12
KBAJIUTET CTPYTaHHYKOI KpEumaka 3a/l0BOJbaBa BeE-
huHy 3axTeBa HAMOHAJIHOT CTaHIApAa 3a MPUMEHY
IUI0Ya 32 YHYTpalllkha M CIOJbAllba, BEPTHKAIHA U
Xopu3oHTaNHa obmarama. OTHOpPHOCT Ha xabame je
jenuan (paKTOp KOjU JIMMHUTHpPA MPUMEHY KpedmaKa
Kao0 YKpPacHOT KaMeHa.





