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Abstract:
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This paper presents an analysis and the test results of certain physical
properties of the rock materials excavated from quarries in Serbia. The four
rock aggregates, considered in this analysis, are used for building the
driveway constructions' layers on roads, streets, airports and base layers on
railways. To that purpose, both the general and specific technical properties
(petrographic, physical, mechanical and technological) of those rocks must
be known to users. The four rocks, whose physical properties are analyzed,
are the most important types of the building stones: limestone, dolomite
marble, calcite-dolomite marble and andesite. Their physical properties
tested included volumetric mass, specific mass (density), porosity and water
absorption. The service life, reparation jobs and maintenance procedures of
the construction machinery parts, which come into direct contact with
building materials like rocks and stones, strongly depend on those stones'
properties. The four tested rock materials belong into a group of the
massive rocks with various porosities and tendency to absorb water.
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1. INTRODUCTION
The working parts of the construction
machinery in civil engineering are frequently
exposed to direct contact with various types of
building materials (stone, gravel, soil, asphalt,
concrete, etc.), as well as with water. Thus, the
construction machines, as well as their elements,
used in producing, transport and building-in of
those materials, are exposed to different kinds of
extremely heavy loads and stresses. They are
simultaneously exposed to processes of intensive
wear and corrosion and occasionally or constantly
to impact loads of different intensities. The quality
of the working parts of the construction
machinery, which are subjected to direct contact
with building materials, directly influence the
service life of that machinery, as well as the
efficiency of its utilization capacity.
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The main causes of the construction machinery
working parts damages were subjects of research
of authors of this article [1, 2], as well as many
others [3-5]. The general conclusion, on which the
majority of authors agree, is that the service life
and intensity of wear of the construction
machinery mainly depend on physical and
mechanical properties of the rock materials and
their aggregates with which they come into
contact [6-12].
In addition, from the tribological point of view,
the tribo-mechanical systems of those working
parts consist of the metal working element,
building (rock) material and environment, which is
another reason for performing the mentioned
experimental investigations of the rock materials'
properties. Knowing those properties enables
identifying the ways to extend the service life of
the construction machinery elements, how to
© 2019 Published by the Serbian Academic Center
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facilitate exploitation of the rock materials from
the queries, as well as their application for the
road constructions, 13-15.
The most significant technical properties of
rocks are petrographic, physical, mechanical and
technological, Table 1. [2, 16]. Those properties
drastically change due to influence of water,
extreme temperatures (either low - frost or high heat), thus knowing mechanisms of those
influences is of utmost importance. In addition,

properties of rocks are directly influenced by
properties of minerals that make their
composition. All the minerals that are constituents
of rocks can be classified, according to their
chemical composition, into seven groups: silicates,
carbonates, oxides, sulphates, sulphides, chlorides
and hydro-oxides. According to the way of
creation, all the rocks can be classified into three
large groups: magmatic (eruptive), sedimentary
and metamorphic.

Table 1. Types of rock properties.

Group

Properties

Petrographic

Mineral composition, Structure, Texture
Specific mass (density) , Specific volume, Porosity, Compactness, Water absorption, Compressibility,
Permeability, Humidity, Capillarity, Stickiness, Swelling, Ventilability, Wave velocity
Compressive Strength, Tensile Strength, Bending strength, Shear strength, Elasticity Modulus,
Poisson’s Ratio, Wear resistance, Strain at Failure, Hardness, Impact toughness, Fracture Toughness
Machinability, Drillability, Fragility, Looseness, Friability

Physical
Mechanical
Technological

Analysis of the selected rock physical properties
was done for materials from four sites in Republic
of Serbia: limestone – site "Vučjak", dolomite
limestone – site "Samar", calcite-dolomite
limestone – site "Gradac" and andesite – site
"Šavnik". Obtained results can be useful for
analysis of influence of the rock materials' quality
on stability of terrain where the construction is
done, as well as on possibility for application and
proper exploitation of the construction machinery
during the production, transport and building-in of
those materials and their aggregates.

2.1 Limestone – site "Vučjak"
This site is mainly consisting of the limestone,
Figure 1. The structure of this rock is crystallite to
micro-crystallite. The texture is massive and
compact.

2. PETROGRAPHIC PROPERTIES OF
INVESTIGATED ROCK MATERIALS
The petrographic properties of rocks, which are
the most important for technical applications, are
the mineral composition, structure and texture.
The rock structure implies its shape, size and way
of bonding of its mineral grains. The structure is
usually considered separately from the way of the
rock's creation and it can be crystallite, porphyritic
and clastic. The rock texture implies the
placement and distribution of minerals of its
composition, as well as the presence of pores and
micro-cracks. The texture can be massive, fluid,
vesicular, striped, breccia and slate, [2, 13].

a)

b)
Fig.1. Appearance of the organogenic limestone
structure: a) macroscopic, b) microscopic (100 ×)
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The macroscopic appearance of the rock is a stone
material of the gray to gray-brown color, massive
texture, uneven to chip fracture with fine
roughness of broken surface and sharp edges of
fracture. It is intensively tectonized, sprinkled with
larger and smaller veins that are connected
(marked with limonite) and filled with calcite
measuring up to 2 [mm]. In the mass of the rock,
clay-filled styols are also observed, such as nests
of calcite of dimension up to 1.5 × 0.8 [mm]. The
rock reacts violently with a five-percent solution
of hydrochloric acid.
The microscopic appearance of the rock is a
stone material composed of fragments of
microcrystalline and organogenic limestone with
traces of oligotrophic limestone and a significant
amount of fossil remains bound with sparite
cement. The fragments of microcrystalline
limestones are rounded to corner shaped, while
fragments of organogenic limestone are rounded
and formed from fossil residues bound by micritic
binder, partially recrystallized into microcrystalline
calcite. Rare fragments of oolytic limestone were
formed from oolites in the size of about 0.2 [mm]
bound by the micritic binder. Fossil remains of
organisms are usually large up to 4 [mm], with
preserved skeletal forms or recrystallized
crystalline calcite. Of the secondary ingredients,
there is lemonite, which is finely dispersed in the
grains of microcrystalline and crystalline calcite.
2.2 Dolomite marble – site "Samar"
This site is mainly consisting of the dolomite
marble, Figure 2. The structure of this rock is
granoblastic. The texture is massive and noncompact.
The macroscopic appearance of the rock is a
stone material of the gray to gray-yellow, massive
to tectonized texture, uneven broken surfaces
with coarse roughness and sharp edges of the
fracture surfaces. It is intensively tectonized,
which is manifested by the presence of a large
number of larger and smaller veins white to
yellow-white color, which are bound (marked)
with limonite and filled with calcite.
The microscopic appearance of the rock is the
stone material of the isometric grains of dolomites
of a uniform size that mosaically grow together.
The grain size varies and the largest number of
them is from 0.5 × 0.2 [mm], while the
appearance of recrystallization is noticeable over
the layers (inhomogeneities). The calcite is

present in small amounts and appears in the form
of irregular pileup nests. Quartz and metallic
minerals are present as the secondary minerals, as
well as the secondary limonite that connects the
present veins in the wall.

a)

b)
Fig.2. Appearance of the dolomite marble structure: a)
macroscopic, b) microscopic

2.3 Calcite-dolomite marble – site "Gradac"
This site is mainly consisting of the dolomite
marble, Figure 3. The structure of this rock is
granoblastic. The texture is homogeneous and
compact.
The macroscopic appearance of this rock is a
white stone material of homogeneous texture; the
broken surface is flat with coarse roughness and
moderately sharp edges of the fracture.

a)
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b)
Fig.3. Appearance of the calcite-dolomite marble
structure: a) macroscopic, b) microscopic

The microscopic appearance of the rock is a
stone material composed of crystalline dolomite
connected by the calcite cement (about 90%),
grain size 0.5 × 1.0 [mm]. About 10% are smaller
grains of dolomite of the size of 0.1-0.3 [mm] and
a small part of the blade muscovite (about 0.5%)
in the size of 0.2 × 0.3 [mm].
2.4 Andesite – site "Šavnik"
This site mainly consists of various kinds of
andesite, Figure 4. The structure of the rock is
hollo-crystallite-porphyritic; its texture is massive.

a)

b)
Fig.4. Appearance of andesite structure:
a) macroscopic, b) microscopic
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The macroscopic appearance of the rock is the
stone material of the gray-green color, massive
texture and porphyritic structure and the colored
phenocrystals, of the most commonly idiomorphic
forms, up to 4 [mm] in size, are also observed. The
broken surface of the rock is irregular and of the
coarse roughness with extremely sharp edges of
fracture.
The microscopic appearance of the rock is a
stone material composed of phenocrystal
plagioclasblende and biotite, which lie in the
holocrystalline basic rock mass. Calcite and quartz,
in the form of isometric crystals, appear as the
secondary minerals in the rock.
3. DETERMINATION OF PHYSICAL PROPERTIES
OF INVESTIGATED ROCK MATERIALS
3.1 Experimental procedure
Physical properties of rocks are classified in
several groups: optical, hydro-physical, thermal,
electrical, radioactive, etc. Optical properties of
rocks are usually defined by their color, which is
caused by the chemical composition of their
constituent minerals. They are divided in light –
SAL rocks and dark – FEM rocks. The light minerals
are rich in aluminum and silicon, while the dark
ones are rich in iron and magnesium. The hydrophysical properties of rocks are specific mass
(density), volumetric mass, porosity, compactness,
compressibility, water absorption, humidity,
capillary, stickiness, swelling, ventilation, [2, 1617].
The largest difference in porosity and water
absorption possess various types of limestone,
sandstone and andesite. In water-saturated
samples, for majority of rock materials, the
compression strength is decreased, the softening
of rocks occurs. However, there are some types of
rocks for which this property is improved by water
absorption, like rock materials bihacite and basalt,
where the compressive strength increases for 15
% and 40 %, respectively. The rock materials for
which the softening coefficient is greater than 40
% are not suitable for commercial use.
Of all the physical properties of the firmly
bound rocks (stones) and their aggregates, the
most experimentally investigated ones are the
specific mass (density), volumetric mass, porosity,
water absorption and compactness. Other
physical properties are seldom tested, i.e. only in
the case of some specific use. Physical properties
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of rocks directly influence their mechanical and
technological properties.
Determination of the volumetric mass is usually
done with samples of the regular form (cube,
prism, etc.), with the smallest dimension no less
than 40 [mm]; for samples of the irregular shape
the minimal size is 150 [mm]. In this experiment,
five samples in the shape of a cube, edge size 50 ±
0.1 [mm], were used for each type of rocks; tests
were performed at room temperature 20 ± 2 °C
and drying of samples was done at temperature of
105 ± 5 °C.
Determination of the rock density was done by
measuring the dried powder of the mineral mass,
in quantity of about 50 g, which has to pass
through the sieve with eyelet of 0.09 [mm],
without any residue. The minimum number of
measurements for this test was three.
3.2 Volumetric mass

unit of the total volume is V = mS/V, [kg/m3],
where mS, [kg] is the mass of the dry sample and
V, [m3], is the total volume of the dry sample.
According to values of the volumetric mass, the
rocks are classified as:

very light – V = 1000 – 1500 [kg/m3],

light – V = 1500 - 2500 [kg/m3],

massive – V = 2500-3000 kg/m3 and

very massive – V > 3000 [kg/m3].
Knowing the volumetric mass of rocks is
extremely important for design and building of
civil constructions, as well as for exploitation of
the construction machinery, especially during the
loading, transport and unloading of these
construction materials. Values of volumetric mass
for some kinds of rocks are presented in Figure 5.
Results of tests are presented in Table 2 and
Figure 6. The tested rocks can be classified as
massive.

The volumetric (volume) mass of rocks is the
mass of solid particles with pores and voids in a

Fig.5. Volumetric mass of several types of rocks in natural state: 1 – granite, granodiorite, quartz-porphyritic; 2 –
dacite, andesite, porphyrite; 3 – gabbro, basalt, diabase; 4 – gneiss, mikaşist, phyllite; 5 – serpentinite; 6 – marble
onyx; 7 – limestone; 8 – dolomite; 9 – tufa; 10 – sandstone
Note: full height columns denote results for the wet samples, while the grey portions denote results for the dried
samples.

3.3 Specific mass (density)

Fig.6. Results of volumetric mass tests: 1 – Limestone, 2
– Dolomite marble, 3 – Calcite-dolomite marble, 4 –
Andesite

The specific mas (density) of a rock is the mass
of its mineral particles in the volume unit, without
the pores and voids, S = mS/VS, [kg/m3], where
mS, [kg], is the mass of the dry mineral substance
and VS, [m3], is the volume of the dry mineral
substance.
Obtained results for four tested types of rocks
are shown in Figure 7 and Table 2, [2, 18].
The volumetric mass coefficient values,
calculated as the ratio of the volumetric mass and
the density of the rock, i = v/s, are also
presented in Table 2.
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Table 2. Volumetric and specific mass of tested samples of four types of rocks: 1 – Limestone (Vučjak), 2 – Dolomite
marble (Samar), 3 – Calcite-dolomite marble (Gradac), 4 – Andesite (Šavnik).
Tested property
Volumetric mass, kg/m3
Density, kg/m3
Volumetric mass coefficient

3.4 Porosity
The rock porosity represents the total empty
space within the volume unit, which is not filled
with the mineral substance. It depends on the
structure and texture of rocks, namely on the size
of grains and ways of their packing (aggregation)
within the rock. The porosity is calculated from
expression p = [1 – (S/S)]·100 %. According to the
total porosity value, firmly bound (stone) rocks are
divided into poorly porous (p = 1.0 - 2.5 %); porous
(p = 2.5 - 5.0 %); quite porous (p = 5 – 10 %); very
porous (p = 10 – 20 %) and extremely porous
(p > 20 %), [2, 19-21]. The usual values of total
porosity for several types of rocks are presented
in Figure 8. Analysis of porosity points to the fact
that it is the most important property of rocks
since it directly influences the volumetric mass
and water absorption of different types of rocks.

Type of rock and site
1
2
3
4
2690
2780
2820
2630
2730
2870
2850
2750
0.985 0.969 0.989 0.956

The highest difference of porosity is found in
different kinds of limestones, because the porosity
is influenced by types of voids. The porosity can
be isolated, when the voids are mutually isolated,
or effective, when the voids in rocks are
connected.

Fig.7. Results of specific mass tests: 1 – Limestone, 2 –
Dolomite marble, 3 – Calcite-dolomite marble, 4 –
Andesite

Fig.8. Porosity of various types of rocks: 1 – rhyolite, 2 – trachyte, 3 – dacite, 4 – andesite, 5 – basalt, 6 – granite, 7 –
diabase, 8 – gabbro, 9 – diorite, 10 – sandstone, 11 – limestone, 12 – dolomite, 13 – gneiss, 14 – mikaşist, 15 –phyllite,
16 – marble, 17 – quartzite, 18 – amphibolite

3.4 Water absorption
The water absorption of rocks is a property
that significantly affects their physical and
mechanical properties. It represents the ability of
a rock to absorb certain quantity of water, up to
its natural humidity. Water absorption is defined
by the ratio of the water mass and the solid
mineral substance mass. For different types of
rocks it is defined as w = [(mv - ms)/ms]·100, %,
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where mv is the mass of water and ms is the mass
of the dry substance. Results of experimental
investigations of porosity and the water
absorption are presented in Table 3 and in
Figures 9 and 10, respectively, [2, 22-24].
The tests have shown that organogenic
limestone and calcite-dolomite marble belong
into a group of poorly porous rocks, while the
dolomite marble and andesite are the porous
rocks.
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Porosity and water absorption are the most
tested properties because they affect the
compactness of rocks. The smallest possibility for
compacting exhibit those rocks that possess the
smallest values of these two properties. The
possibility for compacting is influenced by the
strength of cohesive bonds between the rock's
constitutive mineral grains, as well. Rocks with
stronger cohesive bonds have smaller
compactness due to aggravated extrusion of
absorbed water.
Table 3. Results of porosity and water absorption tests:
1 – Limestone, 2 – Dolomite marble, 3 – Calcitedolomite marble, 4 – Andesite
Tested property
Porosity, %
Water absorption, %

1
1.50
0.18

Rock type
2
3
3.10 1.10
0.17 0.12

4
4.40
0.64

Fig.9. Results of porosity tests for selected types of
rocks: 1 – Limestone, 2 – Dolomite marble, 3 – Calcitedolomite marble, 4 – Andesite

Fig.10. Results of water absorption tests for selected
types of rocks: 1 – Limestone, 2 – Dolomite marble, 3 –
Calcite-dolomite marble, 4 – Andesite

4. UTILIZATION OF TESTED ROCK MATERIALS
The tested rock materials are applied as
building materials, in different branches of the
constructions industry.
Limestone is used for manufacturing lime,
which has various usage in building industry. The
dolomite marble is used as decorative stone, as
the raw material for producing the cement (as
gravel) and as a source of magnesium oxide, as
well as elementary magnesium. The ground
dolomite marble is also used as the raw material
for producing ceramics. Andesite, which is
abundant in Serbia, is used as a construction
material for roads that are subjected to intensive
traffic loads. It can also be used as a carrier of
sulfidic mineralization.
5. SUMMARY AND CONCLUSIONS
In this paper are presented results of
considering the petrographic properties and
testing the physical properties of four types of
rocks found at four sites in Republic of Serbia,
namely: limestone from the site "Vučjak",
dolomite marble from the site "Samar", calcitedolomite marble from the site "Gradac" and
andesite from the site "Šavnik". Those four types
of rock materials are the most frequently used for
the road constructions.
The analyzed petrographic properties of the
selected rock materials were mineralogical
composition, structure and texture. Structures of
the tested rock materials were different, textures
were homogeneous, massive and compact,
except for the dolomite marble, whose texture
was massive but incompact.
The physical properties that were tested
included the specific mass (density), volumetric
mass, porosity and water absorption. The four
tested rock materials belong into a group of the
massive rocks with various porosities and water
absorption. The lowest porosity was exhibited by
the calcite-dolomite marble, which can be
classified as poorly porous rock material; the
same goes for the organogenic limestone, while
the dolomite marble and andesite can be
classified as porous and moderately water
absorbent.
Knowing various properties of different
building materials, is important for their use in
the construction industry, as well as for their
manufacturing (processing) and transport. That
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secures the adequate design, manufacturing and
exploitation of the construction mechanization,
especially the elements that are in direct contact
with the rock materials.
Note: The shorter version of this research was
presented at The 25th International Seminar of
Ph.D. Students SEMDOK 2020, reference [25].
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