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Results of the Study of Mining and Processing Plant Waste for the Construction of
Motor Roads and Railway Tracks

Abstract. The pavement of technological motor roads consists of rock formations extracted from the quarry. With the current
increase in the tonnage of quarry transport, the road pavement structure is also changing. On the other hand, the construction
of the railway subgrade on dumps and stripping horizons of the quarry leads to increased operating costs for track repair and
maintenance works. The relevant task is to investigate the physical and mechanical properties of rock materials from PJSC
“Inhulets Mining and Processing Plant” (InGZK), to develop optimization measures and recommendations for the efficient use
of these rocks for technological road pavements and the construction of railway embankments within the quarry and waste
dumps of PJSC “InGZK”. The aim of this paper is to study the physical and mechanical properties of the rock formations of
PJSC “InGZK” and to determine the grain-size composition of crushed stone produced from dense hard rocks. To determine
the physical and mechanical properties of the rock materials of PJSC “InGZK,” the following were sampled: iron ore rock
(migmatite) and associated dense rock types such as amphibolites, schists, granites, substandard quartzites, oxidized quartzites,
oxidized jaspilites, and arkosic metasandstones. Experimental studies provided the physical and mechanical parameters and
data on the grain-size composition of crushed stone from these rocks. Examination of the structure of amphibolites and schists
from PJSC “InGZK” showed that these rocks have a dense texture, which provides high strength (1000 and 1200), and their
mineral inclusions do not require additional beneficiation. The grains of crushed stone obtained from amphibolites and schists
of PJSC “InGZK” have a cubical shape and high void content. This opens up the possibility of their use in the construction of
roads and railway tracks, as well as in concrete and reinforced-concrete structures.
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Introduction.

Dense rocks, including iron ore rocks and
associated dense rocks produced during iron ore
extraction, are used for the construction of
technological transport roads and railway tracks within
quarries and waste dumps at every mining and
processing plant [6,8]. For urban, civil, industrial, and
highway construction, dense waste rocks are currently

almost never used and are instead accumulated as waste
material. Therefore, a more detailed study of the rock
formations of the Inhulets Mining and Processing Plant
is of current relevance. Determining their physical and
mechanical properties and the possibilities of their use
in construction materials production creates prospects
for the construction of motor roads and railway lines
and contributes to solving environmental problems.
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Analysis of Recent Research and Publications.

The work [4] notes that the use of mining and
processing plant waste in road construction
significantly increases production efficiency and
reduces the cost of modern construction materials.

Studies, industrial trials, and the experience of
several industrial enterprises show that extraction and
beneficiation waste serve as excellent raw material for
the production of crushed stone and other construction
materials. In [5], the issues of recycling mining and
processing waste are addressed; these wastes can serve
as raw materials for producing building materials,
including those for road construction.

It is determined that the use of various waste
materials during the construction of motor roads is a
viable option that requires further study [6].

In the Kryvyi Rih Iron Ore Basin, five mining and
processing plants operate, employing ball and
autogenous grinding technologies, as discussed in [8].

However, these sources do not contain information
regarding the determination of the physical and
mechanical properties of hard rock materials, which
could reveal their potential for use in construction.

An additional problem is that most of the dense rock
materials are used for technological quarry roads and
are stockpiled in dumps, while their use in railway track
construction is limited due to uncertainty regarding
their properties. This emphasizes the need to study the
physical and mechanical properties of dense rocks, both
for mining and processing plants and for the
construction of intercity motor roads and railway tracks
in general.

Purpose and Research Methods.

The objective of the study is to investigate the
physical and mechanical properties of hard rock
formations and to determine the characteristics of
crushed stone obtained from dense hard rocks for use
in construction. The research was conducted in the
following sequence. Point samples of dense hard rocks
were taken from the quarry of PJSC “InGZK.” After
sampling, the point samples were combined into
laboratory samples, which, depending on the rock type,
were selected from the stockpile and transported to the
laboratory.

Figure 1 — Sampling of dense rock specimené from
the storage site (Source: Author’s photo)

For the testing, laboratory samples prepared by the

quartering method were used with particle sizes of 0—
70 mm and 0—40 mm. Laboratory tests were carried out
according to the methodology of physical and
mechanical tests in compliance with [2].

Main Material and Results

Order of research performed: determination of grain
composition, content of flaky (lamellar) and needle-
shaped grains, bulk density, determination of
crushability of crushed rock from dense rock
formations of PJSC “Ingulets GOK”.

Determination of grain composition

The migmatites of PJSC “InGZK” are lamellar
quartz-ferruginous metamorphic rocks of
volcanogenic-sedimentary origin with a high iron
content, classified as dense hard rocks. They are used
as iron ore in current production at PJSC “InGZK” and
as crushed stone for technological roads and railway
tracks on ore horizons of the quarry. The grain-size
composition of the 5-70 mm fraction of migmatite is
presented in Table 1.

Table 1 — Grain-size composition of 5-70 mm class
from migmatite, PJSC “InGZK”, m = 10,906 g

Sieve, 40 20 10 5
mm

mi, g 1436 6400 2450 570
ai, % 132 56,9 21.8 5.1

Substandard quartzites are quartz-ferruginous
metamorphic rocks of volcanogenic-sedimentary origin
with low iron content and belong to the category of hard
rocks [1,3].

They are used for technological quarry roads,
railway tracks, and are stockpiled in waste dumps of
PJSC “InGZK.” The grain-size composition of
5-70 mm classes of substandard and oxidized
quartzites is presented in Tables 2 and 3.

Table 2 — Grain-size composition of 5-70 mm class from
substandard quartzites, PJSC “InGZK”, m = 13,320 g

Sieve, 40 20 10 5
mm

mi, g 540 7060 3900 1820
ai, % 3.0 514 284 133

Table 3 — Grain-size composition of 5-70 mm class from
oxidized quartzites, PJSC “InGZK”, m =8,914 g

Name of Residues, %, by weight on sieves, mm
the
. 40 20 10 5
residue
mi, g 540 7060 3900 1820
ai, % 3,9 51,4 28,4 13,3

Oxidized jaspilites are metamorphic rocks with
silicate interlayers, laminated, of reddish tint, and
folded texture. The iron content is insignificant. These
are stockpiled in dumps of PJSC “InGZK.” The grain-
size composition of oxidized jaspilites is shown in
Table 4.
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Figure 2 presents their sieving on a standard set of
sieves using electronic digital bench scales.

Table 4 — Grain-size composition of 5—70 mm class from
oxidized jaspilites, PJSC “InGZK”, m = 12,808 g

Sieve, 40 20 10 5
mm

mi, g 412 6363 1898 4135
ai, % 4.4 682 20 44

Figure 2 — Sieving of 5-70 mm fractin from oxidized
jaspilites, PJSC “InGZK” (Source: Author’s photo)

Schists of PJSC “InGZK” are talc-bearing rocks
composed of talc flakes with admixtures of quartz,
chlorite, mica, and occasionally magnesite. Color: grey,
with a silky luster. The iron content is almost absent.
They are used for technological quarry roads and
stockpiled in waste dumps of PJSC “InGZK.” The
grain-size composition of schists is given in Table 5,
and Figure 3 shows the weighing of the 20-40 mm
crushed stone fraction on electronic bench scales.

T |
Figure 3 — Weighing of the 20-40 mm crushed stone
fraction from schists on electronic bench scales ”
(Source: Author’s photo)

Table 5 — Grain-size composition of 5—70 mm class from
oxidized quartzites, PJSC “InGZK”, m =8,914 g

Name of Residues, %, by weight on sieves, mm
the
. 40 20 10 5
residue
mi, g 820 7100 3632 1381
ai, % 6 53 27 10

Amphibolite is a metamorphic hard rock. It contains
no iron. It is formed from deep metamorphic basalts,

gabbros, marly clays, limestones, and peridotites. It is
used for the construction of technological quarry roads
at PJSC “InGZK.”

The grain-size composition of the 0—70 mm class
from amphibolites of PISC “InGZK” is presented in
Table 6, and that of arkosic metasandstones is shown in
Table 7.

Table 6 — Grain-size composition of the 0—70 mm class
from amphibolite, PJSC “InGZK”, m = 3807g

Sieve, 40 20 10 5
mm

mi, g 600 2307 467 443
ai, % 15 59 12 11

Arkosic metasandstone is a clastic sedimentary rock
composed of sand-sized grains of quartz and
orthoclase. The fragments are cemented with clay
minerals, silica, and iron oxides. It is stockpiled in
waste dumps.

Table 7 — Grain-size composition of the 0—70 mm
mixture from arkosic metasandstones,
PJSC “InGZK”, m =7628 g

Sieve, 40 20 10 5
mm

mi, g 600 2307 467 443
ai, % 15 59 12 11

According to [1, 2, 3], in crushed stone fractions
supplied for construction, the amount of grains smaller
than d should not exceed 10%, and grains larger than
1.25 x D should not exceed 0.5%.Analysis of data from
Tables 1-7 on grain-size distribution shows that:

a) the mixtures of 5—70 mm crushed stone fractions
of substandard quartzites, oxidized jaspilites,
amphibolites, and schists are comparable;

b) mixtures of 10—70 mm crushed stone fractions
correspond to migmatite and oxidized quartzite;c)
mixtures of 20-70 mm fractions correspond to arkosic
metasandstone.

Determination of the Content of Flaky (Lamellar)
and Needle-Shaped Grains in Crushed Stone

The content of flaky (lamellar) and needle-shaped
grains in the crushed stone was evaluated based on the
number of grains whose thickness is less than one-third
of their length [2].

The testing procedure was as follows: after
measuring the analytical sample with a caliper and
separating grains of lamellar and needle shape, the
weighed portions of crushed stone were determined on
electronic bench scales for the fractions 5—10 mm, 10—
20 mm, and 2040 mm, including the separated
lamellar and needle-shaped grains.For all rock types,
the following steps were performed: sampling of the
laboratory specimen from the stockpile, weighing the
laboratory specimen, taking and weighing the
analytical sample for each fraction, and selecting and
weighing the lamellar and needle-shaped grains in the
crushed stone.

N4 ISSN: 2518-1106(online)
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The content of lamellar and needle-shape grains
(20-40 mm fraction) was determined: in oxidized
quartzites and migmatites 17-18%; in shales,
amphibolites, non-standard quartzites, oxidized
jaspilites, arkose metapiskoviky 8.1-13%.

Determination of Bulk Density of Crushed Stone
from Dense Rocks

To determine the bulk density of sand and crushed
stone from dense rocks of PJSC “InGZK.,” the
following were used: iron ore rock and associated dense
hard rocks of iron ore production — migmatites,
amphibolites, schists, substandard quartzites, oxidized
quartzites, oxidized jaspilites, granites, and arkosic
metasandstones.

The bulk density of the crushed stone was
determined by weighing a dried analytical sample of a
given fraction to a constant mass.For the test, the
crushed stone was dried to constant mass, poured into a
pre-weighed cylinder from a height of 10 cm until the
formation of a cone, which was leveled with a steel
ruler flush with the edges (without compaction), and
then the cylinder with the crushed stone was weighed.

The established bulk densities of the hard rocks of
PJSC “InGZK” are as follows:

- schists, amphibolites, substandard quartzites,
oxidized jaspilites, oxidized quartzites —
1500 kg/m?;

- migmatites, granite — 1300 kg/m?;

- arkosic metasandstones — 1260 kg/m?.

Determination of Crushed Stone Strength
(Crushability) from Dense Rocks of PJSC “InGZK”

The crushability of the crushed stone was
determined by the degree of grain destruction under
compression (crushing) in a steel cylinder. Two
analytical samples of at least 4 kg each were taken for
testing in a cylinder with a diameter of 150 mm. The
arithmetic mean value of parallel tests was accepted.
The results of the crushability determination for the 20—
40 mm fraction of migmatite are shown in Table 8, and
the filling of the cylinder with migmatite crushed stone
before testing is shown in Figure 4.

Table 8 — Crushability of crushed stone from

migmatite
Fraction, mm 20-40
ml, g 2188
m, g 2486

Figure 4 — Filling the cylinder with migmatite crushed
stone before testing (Source: Author’s photo)

The results of determining the crushability of the
20-40 mm fraction from substandard quartzites are
shown in Table 9. The crushed stone sample from
substandard quartzites in the cylinder under the plunger
before loading is shown in Figure 5, and the loading of
the oxidized quartzite crushed stone sample — in
Figure 6. The results of the crushability test for
oxidized jaspilites are presented in Table 10.

Table 9 — Crushability of crushed stone from
substandard quartzites

Fraction, mm 20-40
ml, g 2630
m, g 2100

Figuré 5- Crushe stone sample from substandard
quartzites in the cylinder under the plunger before
loading (Source: Author’s photo)

Figure 6 — Abplication 0f 200 kN (20,000 kgf) load to th
crushed stone sample from oxidized quartzites (Source:

Author’s photo)

Table 10 — Crushability of crushed stone, 20—-40 mm
fraction, from oxidized jaspilites

Fraction, mm 20-40
ml, g 2454
m, g 2888

Crushability results for the 20-40 mm fraction of
crushed stone from arkosic metasandstones of PJSC
“InGZK” are given in Table 11.

Academic journal. Industrial Machine Building, Civil Engineering. - 1 (64)' 2025

ISSN: 2409-9074(print) 15



Table 11 — Crushability of crushed stone from
arkosic metasandstones

Fraction, mm 20-40
ml, g 1840
m, g 2390

The results of crushability testing of the 20-40 mm
fraction from amphibolites of PJSC “InGZK” are
presented in Table 12, and from schists — in Table 13.
Figure 7 shows the weighing of crushed stone from
schists after loading.

Table 12 — Crushability of crushed stone from

amphibolite
Fraction, mm 20-40
ml, g 2304
m, g 2618

Table 13 — Crushability of crushed stone from

schists
Fraction, mm 20-40
ml, g 2366
m, g 2632

”Figure 6 — Weighing of crushed stone samle from
schists after loading (Source: Author’s photo)

The crushing process determines the grade of rock
formations at Ingulets GOK, which is as follows:
granite — 1400; shale — 1200; amphibolites,
migmatites, substandard quartzites — 1000; oxidized
jaspilites — 800; oxidized quartzites — 600; arkose
metapiskoviki — 400

Conclusions

1. According to grain-size composition,
amphibolites, schists, substandard quartzites, and
oxidized jaspilites are the most suitable for use as
crushed stone in construction.

2. It is established that schists, amphibolites,
substandard quartzites, oxidized jaspilites, and arkosic
metasandstones have a cubical grain shape.

3. Schists, amphibolites, substandard quartzites,
oxidized  jaspilites, and oxidized quartzites
(1500 kg/m®); migmatites and granites (1300 kg/m?);
and arkosic metasandstones (1260 kg/m®) are dense
hard rocks of PJSC “InGZK,” exhibiting crushing
strength grades from 400 to 1400.

4. Based on physical and mechanical properties, the
hard rocks of PJSC “InGZK” meet the requirements for
crushed stone used in the construction of technological
roads and railway tracks within quarries and dumps.
Amphibolites, schists, and substandard quartzites are
recommended for intercity road and railway
construction, monolithic buildings and structures, and
may be used in reinforced-concrete products and
constructions.
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PesynbTati gocnigkeHHs Bigxofais ripHMyo-3baravyBanbHOro KoMbiHaTy ans
6ymiBHMLLTBa aBTOMOGISIbHUX JOPIr i 3ani3HUYHMX KONk

AnHoTauis. TTOKpHUTTSI TEXHOJOTIYHUX aBTOMOOILITBHUX IOPIr (POPMYETHCS 3 TIPCHKHUX MOPid, BUAOOYTHUX y Kap’epi. 3a yMOB
CY4YacHOTO 3pOCTaHHS TOHHAXHOCTI Kap’ €PHOTO TPAaHCIIOPTY BiIOYBAE€THCS 3MiHA KOHCTPYKLIT TOPOKHBOTO 01sry. BogHouac
YIAIITYBaHHS 3aJII3HHYHOTO 3eMJITHOTO TIOJIOTHA Ha BiZIBaax 1 pOSKPUBHUX TOPU3OHTAX Kap’ €py MPU3BOIUTD 10 IiIBUIICHHS
eKCIUTyaTalifHUX BUTPAT HAa PEMOHT 1 YTPUMAaHHS KOJii. AKTyaJllbHUM € JOCHIIKeHHS (Pi3HKO-MEXaHIYHHUX BIACTUBOCTEH
ripceknx MarepianiB [IpAT «IHrymenbkuii ripprndo-36aradyBansauid kom6inat) (IHI'3K), po3pobneHHs 3axoniB onTuMizaril
Ta peKOMEHAI} 010 €)eKTUBHOTO BUKOPUCTAHHS IIUX ITOPiJ IS BIAIITYBAaHHS IIOKPUTTIB TEXHOJIOTIYHIX aBTOMOOUIBHIX
JIOPIT 1 CHOPY/PKEHHS 3aJIi3HUYHUX HACHIIB y Mexax kap’epy Ta BimBauiB [IpAT «IHI'3K». Metoto po6oTu € mociipKeHHs
¢izuko-MexaHiqHUX BiactuBocTed Tipchbkux mnopix I[IpAT «IHI'3K» Ta BH3HAUeHHS TpaHyJIOMETPUYHOTO CKiIamy mieOeHIo,
OTPUMAHOTO 3 IIUIPHUX MINHUX HOpid. [ms Bu3HaueHHS (i3MKO-MEXaHIYHHX BIACTHBOCTEH Tripchkux Mmatepiamis [IpAT
«IHI'3K» Oyno BimiOpaHO 3pa3ku 3ali30pyaHOI MOpOAM (MIrMAaTUTY) Ta CYMYTHIX IMUTBHUX MOpiA, 30KpemMa amQiOoiTis,
CIIAHIIIB, TPAHITIB, HEKOHAWLIHHUX KBapIUTIB, OKUCHCHUX KBApIUTIB, OKUCHEHHX SICIIJITIB 1 apKO30BUX METAIMiCKOBHKIB. Y
pe3yIbTaTi eKCIIepUMEHTABHUX AOCITIKEHb OTPUMaHO (Di3MKO-MEXaHIuHi MOKAa3HWKH Ta JaHi MO0 TPaHYJIOMETPUIHOTO
CKITafy meOeH!o 3 IUX mopia. AHami3 cTpykrypu am¢ioomniTis i cnanmiB [IpAT «IHI'3K» mokasas, mo 3a3HaueHi TOPON MaOTh
IIITBHY TEKCTYPY, sika 3ade3nedye BUcoKy MinHicTb (1000 i 1200), a X MiHepanbHi BKIIOYEHHS He MOTPEOyIOTh JOAATKOBOTO
30araueHHs. 3epHa 1mebeHto, oTpuManoro 3 amdibomnitis i cnanuiB [IpAT «IHI'3K», xapakTepu3yoThest KyOOBHIHOIO (HOPMOIO
Ta BHCOKOIO IMTOPOXKHUCTICTIO. Lle BiAKpHBae MOXKIMBOCTI IX BUKOPUCTAaHHS y Oy JIBHUIITBI aBTOMOOIIEHUX IOPIT 1 3aTi3HUYHUX
KOJIiH, a TAKOX y OETOHHHUX 1 3aJ1i300€TOHHUX KOHCTPYKIIISIX.

KntoyoBi_cnoga: ¢i3nko-MexaHidHi BIACTHBOCTI; TiPChKi MOPO/H; aBTOMOOULIBHI JOPOTH; TEXHOJOTIYHI Kap’€pHi I0pOru;
3aTI3HAYHI KOJIi.

*Anpeca s nmuctyBanHs E-mail: valovoi@knu.edu.ua
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