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ABSTRACT. Modern technology for the extraction of dimension stone in Ukraine involves mining operations with high bench up to 6 m. The separation of a monolith
from the massif is carried out mainly by diamond-wire cutting. This technology involves the throwing of the monolith onto a pillow of crushed stone, which causes
additional losses and use of special equipment for the dumping of monoliths. Today, diamond-wire cutting machines are replaced by disk saw cutting machines. That
is why in this paper the working parameters and technological methods of disk saw cutting machines operations are considered. The analysis of dimension stone
extraction technologies has been made showing that the disk saw extraction technology of hard natural stone makes it possible to reduce natural stone waste by 30—
40 %. This technology increases the productivity of natural stone blocks extraction up to 1.12 times due to the increased productivity of cutting planes; reduces the
cost of blocks extraction by using cheaper diamond disk saws in comparison with diamond wire; improves productivity by reducing time for natural stone blocks
sorting and shaping.
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ONMUTBLT NPU NOBMB HA OBNULIOBYHU KAMBHU YPE3 KAMEHOPE3HU MALUMHW B HAXOAWULLE "MOKOCTOBCKN®,
YKPAUHA

Bacun Mampeii, BanenmuH Kopobuiivyk, Bonodumup LLinanak

Xumomupcku dbpxageH mexHonozudeH yHugepcumem, 10005 Xumomup

PE3IOME. CbBpemeHHaTa TexHororus 3a aobusaHe Ha obnuUOBBYEH kambk B YkpaiiHa BkmnouBa [oOWBHM paboTu cbe cTbnana go 6 m. PasgensHeTto Ha
MOHONNTHU ONIOKOBE OT MacuBa Ce M3BbPLUBA [MTABHO Ype3 psidaHe C AMAaMaHTEHO Bbke. Ta3u TEXHONOrus BKIMKOYBA XBbPMSHE HA MOHOMUTHWS GROK BbpXY
Bb3rMaBHULA OT HATPOLLEH KaMbK, KOETO BOAM [0 JOMbHUTENHM 3arybn 1 13non3eaHe Ha cneuuanHo o6opyaBaHe 3a XBbprsiHe Ha MOHONUTHUTE brokose. [Hec,
peXeLLnTe MaLLMHU C AMaMaHTEHW BbKeTa Ca 3aMEHEHM OT [AMCKOBO (PE3HU kaMeHope3aHn MalumHu. ETo 3alLo B Tasn cTaTtvs ca pasrneaaHu paboTHuTe napameTpu
1 TEXHOMOTMYHUTE METOAM 3a paboTa Ha LMPKYNsIPHW kKaMeHOpe3HW MaluvHW. HanpaseH e aHanu3 Ha TexHomorunTe 3a [o6uB Ha OBNMLOBBYHM KaMbHU, KOMTO
nokasea, 4Ye TeXHomorvsiTa 3a 40OMB Ha TBbPZ ECTECTBEH KaMbK C LIMPKYNsSp NO3BOMsBa HamMansBaHe Ha 3arybute Ha ectecTeH kambk ¢ 30-40%. Taau TexHonorvs
yBenu4aBa NpoWU3BOAMTENHOCTTA Npu [O6MB Ha BMOKOBE OT eCTECTBEH kaMbK 40 1,12 MbTW NOpagy NoBWLLEHATA MPOU3BOAUTENHOCT HA PEXELLUTE NOBBPXHUHK;
HamansBaHe Ha pa3xoauTe 3a 40OMB Ha GMOKOBe Ypes M3NON3BaHe Ha MO-eBTUHU AUaMaHTEHN LMPKYNSpU B CPABHEHWE C AWaMaHTEHOTO BbXe; nogobpsiBaHe Ha
NpOM3BOANTENHOCTTa Ypes HaMansiBaHe Ha BPEMETO 3a COpTMpaHe U 0(hopMsiHE Ha GrIoKOBETE OT eCTECTBEH KaMbK.

KniouoBu AyMU: nobws, 06ﬂMMOBbHeH KaMbK, TEXHONMOrM4HM MeToau

Introduction ceramic and clay materials, and also natural and engineering
stones), (EU-European Commission, 2010).

The stone industry around the world records significant The output of blocks after the extraction of natural stone is 25-
volumes of stone production (about 35 million tons per year)_ 40% of the rock mass. The main factor that influences the
China is currently occupying the leading position, followed by output of natural stone blocks (Sobolevskyi et al., 2016) is
ltaly, Turkey, India, Brazil, Spain and Greece. Ukraine holds natural and man-made fracturing. The second factor is the
the seventh place in the world by the number of granite direction of extraction in relation to the direction of cracks.
quarries. Together with other building materials, the extraction Quantitative operational losses in the extraction of decorative
of natural stone has a significant impact on the environment. stone blocks are insignificant, usually up to 10%, and
The extraction of raw materials from the earth's surface leads qualitative losses  (colour ~ change, development  of
to a change in the landscape, vegetation and fauna, and the microcracks) of stone reach considerable volumes. At the
relief of the territory. For these reasons, quantitative beginning of the last century, the extraction of natural stone
assessment and management of the relevant environmental used a blasting method, which led to significant losses of raw
impacts is becoming more and more important. Thus, the materials, both qualitative and quantitative. In some dimension
European Commission, with the support of experts from both stone deposits the explosive mining technology reduced the
academia and industry, is currently implementing a revision of output of blocks to 50%. In recent years, the diamond wire
the EU criteria for the environmental label of hard coverings cutting technology has become widespread in granite quarries
(which include building materials from cement, concrete, (Levytskyi, Sobolevskyi, Korobiichuk, 2018; Korobiichuk et al.,

2016; Ozcelik, Yiimazkaya, 2011; Yurdakul, Hirriyet, 2012;
Ersoy, Atici, 2004; Yurdakul, 2015).
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The use of mechanical cutting methods has led to
reduction of technological losses of natural stone. That is why,
the improvement of the mechanical technology of extraction is
a substantial scientific and applied problem. Until now, disk
saws were used for the extraction of soft rocks - tuffs,
limestone and so on. In China, disk machines for the
extraction of hard and medium-hard rocks have been
developed and manufactured. The technology of natural stone
extraction by using disk machines has become widespread in
Chinese granite deposits. It should be noted that most of the
Chinese granite deposits have rocks with higher porosity and
less compressive strength than Ukrainian ones. Due to the
difference in physical and mechanical properties of the rocks,
it is necessary to adapt this technology to Ukrainian deposits.

The main exposition

The main technology for natural stone extraction for
Ukrainian granite deposits involves the use of diamond wire
cutting machines and drilling rigs. Extraction is carried out
according to a two-stage separation system of natural stone
blocks (Fig. 1).
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Fig. 1. Two-stage system of separation with fallen down of the
primary monolith: a - separation of the primary monolith; b -
separation of fallen down primary monolith into blocks
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To join together the ends of the diamond wire, two
opposite holes are drilled so that they converge at one point
(Fig. 2). In this case, drilling can occur in a horizontal and a
vertical plane when cutting in a vertical plane or two wells in a
horizontal plane when cutting in a horizontal plane.

Fig. 2. Scheme of drilling converged holes: L - length of the
monolith; B - width of monolith; H — monolith height; 1 -
horizontal hole; 2 - vertical hole; 3 - vertical cutting plane; 4 -
horizontal cutting plane

In the primary monolith, firstly the horizontal plane is cut
and then the vertical one (Fig. 3, a). Secondly, the vertical
side of the monolith with the largest area is cut, and in the last

67

turn the vertical side with the smallest area. After that, the
monolith is thrown onto a pillow of crushed stone. At a height
of a monolith from 5 to 6 m, there are losses of natural stone
during falling of the monolith due to the decomposition of the
monolith into smaller pieces.
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Fig. 3. Scheme of cutting by diamond wire machine: a -
horizontal cutting, b - vertical cutting

The use of disk saws involves mining operations with
height of the bench of about 1.2 m. The most optimal
(minimum) parameters of the monolith for the estimation of
technology is a monolith with a length of 10 - 16.0 m and a
width of 3 m at its height of 1.2 m. The volume of such a
monolith is 36-57.6 m3.

The technology for separating monoliths includes the
following operations:

1) formation of two vertical separating planes (droplet
knife) 1.2 m deep along the front of the work - 15.0 m at a
distance of 3 m apart with using a saw cutting machine with a
disk @ 2.6 m, followed by cutting with a saw with a diameter of
3.5m;

2) drilling of vertical holes @ 32.0-50.0 mm along the edge
points (corner) of the monolith by a perforator for cutting sharp
corners;

3) insertion of a diamond wire into a slit along the
perimeter of the base of the monolith for cutting the sole;

4) wedges hammering in the formed plane, so that the
monolith does not catch the diamond wire;

5) formation of a horizontal plane in the base of the
monolith using the diamond wire cutting machine (cutting the
base);

5) formation of vertical holes @ 32.0 mm with a distance
between the centres of holes 15.0-20.0 cm to the width of the
monolith along the line of planned cutting by a drilling
machine.
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6) direct separation of the monolith to blocks by means of
metal wedges or a hydromachine.
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Fig. 4. Implementation of the technology of cutting by disk saw
machine at Pokostovsky granite deposit (Ukraine)

The technology of extraction of natural stone blocks by
using the disk saw machine in China involves the drilling of
horizontal holes for separating the blocks. The application of
the bore-wedges technology to create a horizontal plane at
Pokostovsky deposit has caused significant loss of natural
stone and has complicated the technology for separating the
monolith from the massif. Therefore, for the formation of a
horizontal plane, a diamond wire has been used (Fig. 5).

Fig. 5. Scheme of the natural stone block extraction using a disk
saw machine: 1 - disk saw machine; 2 - diamond wire machine;
3 -holes

By using a disk saw machine in cracked massif the bottom
plane of the monolith is separated by a bore-wedge method.
The disk saw machines require a liquid for cooling the
diamond saw in a quantity of 140 I/min. It complicates the
work of the disk machine when opening a quarry. During this
period, there is no debit of natural water in the quarry.

For a disk saw machine, an important factor is the length
of the front of the work. The longer the cutting length of the
disk saw, the higher the performance of the disk saw machine
is. When the front of the work increases from 5 to 60 m, the
productivity increases up to 2.8 times (Fig. 6).
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Fig. 6. Dependence of the productivity of the disk saw machine
at Pokostovsky deposit on the length of the cutting

Under this technology, the loss of natural stone when cutting
the base of monolith with a diamond wire technology is less
than 10 times due to the absence of drilling operations
(boreholes for wire laying). The absence of drilling works
increases the productivity of the diamond wire by
27%compared to the existing technology (Fig. 7).
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Fig. 7. Productivity of a diamond wire machine at Pokostovsky
deposit 1 - technology of natural stone extraction by disk saw
machine; 2 - technology of natural stone extraction by diamond
wire machine

In general, the disk saw extraction technology (when
working on one disk machine) has a higher productivity 12%
compared to the existing technology (Fig. 8).
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Fig. 8. Productivity of blocks extraction at Pokostovsky deposit
1 - technology of natural stone extraction by diamond wire
machine; 2 - technology of natural stone extraction by disk saw
machine.
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The disk saw technology has quantitative losses of granite
of 35% less than with existing technology. This is due to the
lack of drilling operations for the diamond wire laying (Fig. 9).
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Fig. 9. Specific losses of natural stone at Pokostovsky deposit:
1 - technology of natural stone extraction by diamond wire
machine; 2 - technology of natural stone extraction by disk saw
machine

However, for the effective extraction by disk saw machine,
a large area of extraction is required. This extraction
technology limits the height of the blocks to 1.2 m. Also, when
using disc saw machines it is difficult to take into account the
fracture of the massif and inclusions of natural defects. Cracks
can reduce the output of blocks from the massif.

Conclusion

The natural stone extraction technology by using disk saw
machines requires a large area of the bench surface.
Therefore, the application of this technology in small quarries
with height of the bench of 6 m is complicated. This
technology limits the height of blocks of natural stone to 1.2 m.
However, this technology of extraction has a high productivity
and allows the production of blocks with flat surfaces. The
natural stone extraction technology with disk saw machines
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has higher productivity and lower specific losses of natural
stone than the diamond wire technology.
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