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Abstract

In the design of the pavement layers of the base have the greatest thickness. Therefore, their construction is associated
with a high consumption of building materials. At the same time, the base layers work in more favorable conditions
when compared with coatings, which makes it possible to widely use local materials and industrial waste for their
construction. The feasibility of their use is justified by technical and economic calculations, taking into account the
possible reduction of the service life of the pavement as a result of the rejection of the use of standard imported
materials. One of the most widely known types of waste used in road construction is slags from ferrous and non-ferrous
metallurgy and phosphorus production. Their disposal is an important source of high-quality materials for road
construction. Slag is a valuable raw material for the preparation of non-metallic materials and mineral binders. Active
slags partially replace traditional binders (cement, lime) during the construction of road foundations and coatings.
Long-term experience of road organizations shows that the cost of slag road-building materials is two times lower than
the cost of similar products from natural rocks.
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1. Introduction This necessitates the implementation of programs
related to the disposal of solid industrial waste

According to statistics, there are, 8.6 billion cubic
dumps.

meters (23-25 billion tons) of industrial waste
products in Ukraine locatedon the territory of 50 2. Discussion
thousand hectares. Each year their amount only
increases due to insufficient rates of processing
(about 0.1-0.12 billion m3 annually). A significant
share in the accumulation of solid industrial waste is
produced by the metallurgical industry.

According to reports, 52 types of different waste
products are formedin the process of manufacturing
steel at enterprises. Regardless of the tendency to
reorganization and restructuring of the industry (the
share of oxygen-converted steel and electric steel in
the total production volume is increased due to the
decrease in the share of open-hearth production, i.e.,
work is performed to reduce the slag and
sludgeproduction), they are accumulated in dumps.
Thus, on the one hand, there is a constant
accumulation of solid industrial waste products and,
on the other hand, there is a permanent shortage of
mineral raw materials for road construction works.

2.1. The problem of using of slag materials

The problems of using metallurgical slags (both
blast-furnace and open-hearth) in road construction
attracted many experts [1-4]. It should also be noted
that at present there have been developed and acting
in Ukraine: the Law of Ukraine "On approval of the
National Program for the Development of Ukraine's
Mineral Resource Base for the Period up to 2030",
State Target Scientific and Technical Program for
the Development and Reforming the Mining and
Metallurgical Complex of Ukraine for the Period up
to 2020; regional energy conservation and
development programs; regional environmental
protection programs, etc.All these studies and
legislative and regulatory acts take into account,to a
certain extent, the issues of utilization of solid
industrial waste, including the dump metallurgical
slag.
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Donetsk region has a historically established

developed metallurgical industry, whose enterprises
are well-known both in Ukraine and abroad. They
are the following: PJSC "Azovstal Iron & Steel
Works", PJSC "MMK named after Ilyich", PJSC
"Donetskstal" (DMZ) and others.
Only in the city of Mariupol about 40 million tons of
slag, including both blast-furnace and open-hearth
have been accumulated. Open hearth slag formed in
open-hearth furnaces amount to 0.22 - 0.55 tons per
ton of steelmanufactured.

The utilization of open-hearth slag is limited to
the use in the agrarian sector and as flux in blast
furnaces. Open-hearth slag application in the
construction industry is not productive: - open-
hearth slag contains no less than 80% of calcium
carbonate in the form of calcium and magnesium
silicates.

It also contains phosphorus, manganese, silicon
dioxide, iron oxide, calcium carbide and the like; in
the open-hearth slag there are residues of metal (up
to 15%), including those in the form of scrap (up to
7%) and in the form of small particles (up to
8%).The average granulometric composition of the
open-hearth slag is:

- 0-10 mm fraction - 22,6%;

- 10-60 mm fraction - 27,3%;

- 60-250 mm fraction - 30,18%;

- more than 250 mm fraction - 19,9%.

In the metallurgical industry, in order to improve the
situation with the raw material (metal scrap),there
are known methods of extracting metal from the
dump slag (in this case, the metal is cast iron or steel
remaining at the bottom of the ladle with slag).
Theslagis poured into the dump together with metal
containedin the ladle under theslaglayer. Asit is not
possible to pour out metal and slag separatelywhen
releasing the blast furnace, electric furnace or open-
hearth furnace, metal is deposited at the ladlebottom
with slag. During transportation to the dump, the
metal is settled at the bottom of the bucket and
crystallized. A large flat piece of metal is formed at
the bottom of the bucket. Usually the size of a piece
is 0,8-1,4 meters in the diameter andof 0,15-0,35
meterthick. Such pieces (in metallurgy referred to as
"metal cakes") in glass dumps are blown together
with slag. Therefore, the loss ofmetal with dump
slag is 27% or more and the total loss of metal is
over 30%.

2.2. Main stages of slag materials processing

Thus,inslagprocessing one should take into account
the features of the material. At the first stage, metal
cakes are isolated by scattering the dump slag in the
drum, thus obtaining two products :metal cakes and
slag. At the second stage, the slagis rinsed with
water, producing two products:flushed slag (large
pieces) and silicon oxide and calcium
carbonateformed as a result of natural
decomposition of slag components into silicon oxide
and calcium carbonate.These reactions can be
representedschematically as:

CaO -« Si0O, + CO, — CaCO; + SiO,

Slag is mainly mono-calcium silicate, di-calcium
silicate, tri-calcium silicate. In the dumps, the
following decomposition reactions of di- and tri-
calcium silicateslag occur:

3Ca0 -« SiO, — 2Ca0 -+ SiO, + Ca0 ,

CaO « Si0, — CaO * SiO + CaO

Ca0O — Si0O, — CaO + SiO;.

Calcium oxide reacts with atmospheric carbon
dioxide to form calcium carbonates

CaO + CO,; — CaCoOs.

According to the normative requirements, solid
particles of silicon oxide and calcium carbonate
should be extracted from slag and used for clinker
production. At the next stageiron particlesare
obtained from the flushed slag by
magneticenrichment, which are then used for steel
smelting in electric or open-hearth furnaces. The
next step is grinding of slag in rotary crushers with
magnetic enrichment,therebyreleasing oxide iron
which is also directed for remelting. At the last
stage, the slagis separated into two products: slag
chips (5-30 mm fractions) and slag sand (less than 5
mm fraction).

Organic-mineral substances includeing both
organic binders (providingligament and elasticity of
the system)and mineral (capable to hydrate binders),
are characterized by coagulation and crystallization
bonds. The ratio of coagulation and crystallization
contacts causes the deformation-strength
characteristics of such a composite material [1, 2, 5].

The analysis of the results of industrial
implementation shows that metallurgical slagis an
effective substitute for natural stone materials used
for construction and repair of highways. As a rule,
metallurgical slags not inferior in its properties to
materials obtained from natural hard rock, and
sometimes even surpasses it. And this is despite the
fact that the use of metallurgical slag, in general,
reduces the cost of road pavementconstruction by
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14-15% as compared with similar designs of granite
materials [5-6].

Taking into account their physical and
mechanical properties, slag crushed stone, sand and
their mixtures are used for all types of structuralroad
layers: pavements, bases, additional layers of the
base, etc. And, a promising use of ferrous
metallurgyslag for strengthening soils when laying
road bases is observed as well.

The experience of road construction shows that
sufficiently strong road foundations are obtained
from a mixture of crushed stone of active slag and
weak limestone. Chips of open-hearth slag are
successfully used to wedge road bases made of
crushed granite. When laying the road base, slag
crushed stone has advantages over granite one. Due
to greater surface roughness of the grains it is easier
to roll. If we take the time needed to roll the road
base layer of crushed granite as a unit, then the time
for rolling the layer of slag chips of the same
thickness will be 0.63-0.72. And, the base of slag
crushed stone is more durable. Slag crushed rock
contains a certain amount of grit which increases
significantly at rolling during roadbed construction.
Powder-like steel-smelting and blast-furnace slag is
low-grade binder and can form a monolithic road
base, the strength of which is significantly increased
by way of adding even a little amount of cement and
lime as an activator. Slag sand is used for the
production of asphalt concrete and as an active
mineral additive. Depending on its size, the
fractionated slag crushed stone is used for upper and
lower base layers of the I-V category roads by
wedging. Crushed stone blends of 0-20 (40) mm
fractionactive slag serve as a loosening material. 10-
20 mm fractionslagtreated with organic binder
materials is also used whenlaying the upper and
lower layers of III-V categoryroad pavements.

Crushed-stone mixtures of 0-70 (120) mm
fraction active and high-level slag of optimal grain
composition are used for placing the upper and
lower layers of semi-rigid I-V categoryroad bases.

Crushed- stonemixtures of low-level slag are
activated using CaCl,, Na,CO;, CaSO,. The feature
of asphalt concrete pavements obtained with the use
of steel-smelting slag is the absence ofshearing
strain, even under intenseheavy vehicletraffic. Slag
sand and powder play the role of the main binder in
slag crushed-stone mixtures.

At the initial stage of road operation, the semi-
rigid base of active slag works as a material, the
bearing capacity of which is provided by the

skeleton density and crushed stone fractions
wedging. Such bases do not cause subsidence and
have an increased elasticity modulus of 300-400
MPa. In the process of operation, they are
transformed into a monolithic stable plate. The
elasticity modulus of semi-rigid bases increases to
1200 MPa.

Depending on the strength and
durabilityrequirements, one-or two-layerslagbases
are used. The maximum thickness of the layer isup
to 20 cm with material size up to 110 mm and - up to
16 cm with material size up to 70 mm. The lowest
thickness of the layer is set calculating the largest
fractionsizeto be not more than 0.7- 0.75 of the layer
thickness.Materials made of cement, slag and soil,
used for various designs of road pavement base
layers [6-7] have a rather high strength (1.4-8.2
MPa), water resistance (0.96-1.17) and frost
resistance (0,71-822).

The long-lasting nature of strengthening
materials  indicates  their  durability.  This
conclusionbased on laboratory experiments fully
corresponds to the results of studying the elasticity
modulus of the road pavement structures in
experimental areas. For 2 years of operation, the
actual total elasticity modulus (153-330 MPa) of
road pavementssignificantly exceeded its design
value (138 MPa).

In accordance with the requirements of
regulatory documents, slag and ash slag having grain
composition of 0-40 mm, strength of 300 kgf / cm?,
frost resistance of MRZ 25can be used in road
construction. Ash can be used as mineral powder. In
this case, the ash should contain at least 45% of the
particles smaller than 0.071 mm. A prerequisite for
obtaining high-quality organic-mineral mixtures is
high adhesion of organic binder to the surface of
mineral materials.In this regard, it is expedient to
use anionic emulsions [8-9] to manufacture organic-
mineral mixtures on the basis of open-hearth slag
chip[8-9], since the potentiometric ion of open-
hearth furnace slag particles is a Ca2 +cation.

Besides, it is advisable to modify the
slagsurfacewithunslaked groundlime (CaO) to
accelerate the decay rate of the bituminous

emulsion, while the dispersed phase of anionic
emulsions has a negative charge.

A wide range of emulsifiers for the production
of anionic bituminous emulsions is presented in the
Ukrainian market, the main onesbeing: A-2 grade
asidol of the mark (GOST 13302-27 *); axidol-
mylonapht (GOST 13302-77 *); mylonapht(GOST
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13302-77 *); synthetic fatty acids (cube balance)
(OST 38,01182-82 Brand B); Petrov's contact (OST
38,01116-76); oxidized petrolatum (TU 38-301-96-
83); sulfate cute, gray (TU 81-05-118-77); cute
cheese (OST 13,184-83E); second fat tar (OSTU
360-9121-63); gossipol resin (cube balance);
woodtarresin  (TU 81-05-2-78); fat mass (TU
18UzSSR45-81); Thaw Peck (TU 81-05-84-80);
pitch thawed bleached brand B (OST 13- 145-82);
AZOL 1018 (TU 2490-035-00205- 423-2007);
doros-EmA (TU 2482-026- 33452160-2012), etc.

In order to improve the quality of open-hearth
slag organic-mineral mixtures with the use of
anionic bituminous emulsion, it is recommended to
use alkaline activators —usually lime and portland
cement. Ca (OH), water solution formed both during
lime hydration and the hydrolysis of cement clinker
minerals, allows to createan alkaline medium with a
sufficiently high pH in an organic-mineral
mixture,which provides slagdispersion due to the
breakdown of covalent Si-O-Si and AI-O-Si bondsas
a result of increasing the gateway environment ionic
force by introducing ions with high electrodonor
properties into its composition.

3. Conclusion

Thus, the production of open-hearth slag organic-
mineral mixtures will allow not only to implement
the program for solid industrial wasteutilizationbut
to extend the possibility of performing repair and
restoration operations on Ukraine roads as well.
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BukopucTraHHA HI1aKiB B 10POKHIX KOHCTPYKIifAX
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B kxoHCTpyKIii AOPOKHBOTO OAATY IIApH OCHOBH MalOTh HaWOIMbIIy TOBIIMHY. ToMy iX OyHiBHHUITBO
CYIPOBOJUKY€ETHCSI BEJIUKOIO BUTPATOIO0 OYAiBENFHHX MaTepiaiiB. B Toli ke 4ac Imapu OCHOBH IMpAIIOIOTH B
OUTBIII CIIPHUATIMBUX YMOBaxX MOPIBHSIHO 3 MOKPHUTTSAMH, IO JO3BOJSIE IIUPOKO BUKOPHCTOBYBATH ISl iX
OymiBHMITBAa MICIeBI MaTepiaqu 1 Bimxoan BUpOOHUNTBA. JOLINBHICTH 1X BUKOPHCTaHS OOTPYHTOBYIOTDH
TEXHIKO-€KOHOMIYHUMHU PO3PaXyHKaMH YpaxXyBaHHSIM MOJIIMBOTO 3MEHIICHHS CTPOKY CIY>KOHM JOPOKHBOTO
OJIATy B PE3yJbTaTi BiIMOBH Bill 3aCTOCYBaHHS CTaHJAPTHUX MPHUBI3HUX MarepianiB. OgHUMH 3 HaHOLIBII
BIIOMMX BHJIIB BiJIXOIB, 5IKi BUKOPHCTOBYIOTbCS B JJOPOXKHBOMY OyZIiBHHULTBI, € LLIAKK YOPHOI, KOIBOPOBOI
MeTanyprii i GpochopHOro BUPOOHHUIITBA. [X yTHII3allis € BaITMBUM JKEPEIOM OTPHUMAHHS BMCOKOSKICHHX
MarepiaiB sl TOpOXHBOrO OymiBHUITBA. lllmakn SBIAIOTH COOOIO IIHHY CHPOBHHY IUISI NPUTOTYBAaHHS
HEepYIHUX MaTepialiB 1 MiHepalbHHUX B'SKYYMX. AKTHBHI IITAKH YaCTKOBO 3aMiHSIOTH TPAAMIiHI B'SOHKydi
(meMeHT, BamHO) Mpy OYAIBHULTBI JOPOXKHIX OCHOB 1 MOKPHUTTIB. bararopiuHuii JOCBi AOPOKHIX OpraHizarii
MoKa3ye, 10 co0iBapTICTh NMUIAKOBUX JTOPOKHBO-OY/IIBENBHUX MaTepialliB B JiBa pa3d HIDKYE COOiBapTOCTI
aHAJIOTIYHOI MPOIYKITii 3 MPUPOTHUX TIPCHKUX TIOPi.
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B KOHCTpyKIHMH JOPOXXHOW ONIEXKABl CIOM OCHOBAaHUS HMEIOT Hambonplryto TtoiamuHy. [losTomy wux
CTPOUTEIBCTBO COTPSIKEHO C OONBIIUM PACXOJOM CTPOUTEINBHBIX MaTepHalloB. B To ke BpeMs ciou
OCHOBaHHI pabOTaOT B OoJiee OJIATONPHUATHBIX YCIOBHSIX NPH CPABHEHUH C MOKPBITUSMH, YTO ITO3BOJISCT
ITUPOKO HCIIOJIb30BaTh JJII HMX CTPOUTEIHCTBA MECTHBIE MaTepuaabl M OTXOIbl TPOMBIIIICHHOCTH.
IlenecooOpa3HOCTh HMX MCIOJB30BaHUS OOOCHOBBIBAIOT TEXHUKO-3KOHOMHUYSCKUMH pacdyeTaMH C y4eTOM
BO3MOYKHOTO YMEHBIIECHUS CpOKa CIY>KOBI TOPOKHOW ONIEXABl B pPe3yJIbTaTe OTKa3a OT INPHUMEHEHUS
CTaHJAPTHBIX MPUBO3HBIX MaTepHaiioB. OJHUMHU U3 HanboJiee MIMPOKO U3BECTHBIX BHIOB OTXOJOB, KOTOPHIC
UCTIOJIB3YIOTCS B JIOPOKHOM CTPOHUTEIBCTBE, SBISIOTCS IUIAKA YSPHOM, IBETHOW METAILTYpruu U (hochopHOro
npous3BoAcTBa. MX yTunuzanusi SBIASETCS BaXHBIM HCTOYHHUKOM IOJNIYYEHHsI BBICOKOKAYECTBEHHBIX
MaTepualioB Ui JTOPOXHOTO CTpouTenbcTBa. lllmakwm mpencTaBiasioT coOOH IIEHHOE CBIphE IS
MPUTOTOBJICHUS HEPYIHBIX MAaTEPUATIOB M MUHEPAIBHBIX BSDKYIIMX. AKTUBHBIC IUIAKH YACTHYHO 3aMEHSIOT
TPaUIIUOHHBIC BsDKyIIUE (IIEMEHT, HM3BECTh) IMPH CTPOUTEIBCTBE JOPOKHBIX OCHOBAHHMHM W TOKPBITHIMA.
MHOTOJICTHHH OIBIT TOPOKHBIX OpTaHHW3aIlMil TOKa3bIBAET, YTO CEeOCCTOMMOCTh MUIAKOBBIX JTOPOIKHO-
CTPOUTEIHHBIX MAaTEpHAJIOB B JBa pa3a HUXKE CEOCCTOMMOCTH aHAJIOTHYHON MPOIYKIUUA U3 CCTECTBEHHBIX
TOPHBIX MOPOJ.
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