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Road slag asphalt concrete

Abstarct. Asphalt and concrete road surfaces are an essential part of the infrastructure of
transport systems, and in recent years slag road asphalt has gained popularity as an efficient
and environmentally friendly alternative. Slag asphalt, produced by incorporating slag, a by-
product of industrial steel production, into asphalt concrete mixes, is the subject of this review
article. The article presents a review of researches papers on the use of slag road asphalt. This
article reviews the composition, production and physical and mechanical characteristics of slag
asphalt concrete. Particular attention is paid to studies of the effect of slag on the strength,
fracture resistance and deformation of the material. The authors provide an overview of the
various methods of modifying slag asphalt to improve its performance and durability of road
surfaces. The article also highlights the environmental importance of slag asphalt, generalized
its ability to reduce the use of natural resources and reduce waste from the steel industry. The
overall analysis of these articles suggests the potential of using slag road asphalt concrete as
an effective and environmentally sustainable material in road construction. However, further
research and practical tests are needed to confirm its applicability in different climatic and road
conditions. The final part of the article discusses the significance of slag asphalt concrete in
the context of sustainable road construction. The potential of slag asphalt to save costs in the
construction and maintenance of road infrastructure, as well as to improve its durability and
sustainability, is emphasized. In conclusion, the article provides a generalised overview of slag
asphalt concrete, its advantages and promising applications in road construction.
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Introduction

Roads are strategically, economically and socially crucial for our country. The condition of
roads that do not comply with road traffic rules and regulatory and technical requirements slows
down the movement of transport and increases the number of accidents on the roads. Currently,
more than 70% of the public road network in Kazakhstan has hard asphalt concrete pavements,
which in the process of operation can experience various disturbances and deformations.

There is a need for a new approach to solving the issues of pavement durability under the
conditions of real dynamic impact of vehicles on road structures in connection with the constant
growth of traffic intensity on motorways, increasing load capacity and axle load of vehicles,
increasing traffic speeds.

Currently, the service life of road pavements does not meet the required service life. The
load on vehicle axles has increased significantly in recent years, and asphalt concrete pavements
made in compliance with standards are losing smoothness and are covered with a network of
fatigue and temperature cracks, which accelerates their destruction.

The service life of asphalt concrete pavements today, which used to be 15-18 years, is
more often 8-12 and sometimes 3-4 years, which requires significant additional costs for road
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repair and rehabilitation. Due to the expansion of the road network and the increase in road
construction, material resources are in short supply. In this case, the possibility of increasing the
strength of asphalt concrete pavements through the use of scarce, inexpensive production waste
is an important task of road construction.

Research methods

There are several testing methods that are used to determine the characteristics of steel
slag asphalt concrete. Physical tests measure density, water absorption, and other physical
properties of the material. Mechanical tests are used to determine mechanical properties
including resistance to wear, strength, and fatigue. Chemical analysis, microstructural
analysis and thermal analysis are additional methods of investigation.

Researchers Zhao, Zenggang, Zipeng Wang, Shaopeng Wu, Jun Xie, Chao Yang, Na Li
and Peide Cui used physical and mechanical testing in their experiments. They analysed
characteristics such as moisture resistance, bending and strength and compared the results
with Chinese standards, particularly GB/T 16899-2011: Testing methods for asphalt strength.

Researchers from the University of Jordan, including Naser, Mohammad, Mu'tasim
Abdel-Jaber, Rawan Al-Shamayleh, Reem Ibrahim, Nawal Louzi and Tariq AlKhrissat,
conducted similar studies. They used ASTM D1075, Standard Test Method for Effect of
Water on Compressive Strength of Compacted Bituminous Mixtures.

Researchers Peter Mikhailenko, Zhengyin Piao and Lily D. Poulikakos from Yale
University conducted mechanical tests to determine the elastic modulus of three materials
at 10°C. Poulikakos from Yale University conducted mechanical tests to determine the
modulus of elasticity of three materials at 10°C. The experiment was performed according
to Technische Priifvorschriften fiir Asphalt: Einaxialer Druckschwellversuch - Bestimmung
des Verformungsverhaltens von Walzasphalt bei Wa'rme, 2010. In addition, their study
conducted a chemical analysis to assess the environmental impact. For this they referred to the
Swiss standards SN 640-430c Walzasphalt: Konzeption, Ausfiihrung und Anforderungen an
die eingebauten Schichten, 2014 and SNR 640 436 Semidichtes Mischgut und Deckschichten
Festlegungen, Anforderungen, Konzeption und Ausfithrung, 2015.

Thus, various research methods are used to characterise steel slag asphalt concrete,
including physical and mechanical testing, chemical analysis and other methods.

Results and Discussion

In order to meet the needs of the road sector during the repair, construction and operation
of the roadbed of motorways, it is necessary to reduce the cost of construction materials at this
stage of work of a part of the construction industry. It is also desirable to improve technical and
operational qualities of developed materials, as well as to reduce logistic and time costs. These
requirements are met by slags - a by-product or secondary product of metallurgy, which includes
both ferrous and non-ferrous metals (combustion products). Their use occurs throughout the
construction process of the road component, including the creation of mineral aggregates, asphalt
concrete, structural road concrete and, in some cases, even thermal insulation. It is therefore
important to consider the use of heavy industrial waste and select the best recycled materials to
improve the performance and durability of the road surface.

For road construction it is possible to use crushed stone of blast-furnace and steelmaking
slags and aggregate slag materials of blast furnaces, slag and slag-pumice sands, domed and
blast-furnace granulated slags, slag production waste.
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Kazakhstan has accumulated over 30 billion tonnes of slag waste. The main amount of waste
in the country today has been created by the mining and metallurgical industries - almost 20
billion tonnes, and from the ores in non-ferrous metallurgy are mainly extracted from the force
of two to three percent of useful elements, and the remaining 97-98 percent go to the dump.
These are so- called technogenic-mineral formations, which, being unnecessary after primary
processing, remain in open pits.

As a solid industrial waste, steel slag has similar physical and mechanical properties
to natural stone and has great potential to replace natural aggregate, [1-2]. However, the
source, mechanical properties and expandability of steel slag directly affect its widespread
use in asphalt pavement. Steel slag is usually used as a coarse ag g r e g a t e in asphalt
pavement mixes, and it is not recommended to be replaced by fine aggregate or filler in a
project. This is because steel slag has high hardness and poor grindability, and replacing
steel slag with fine aggregate or filler will further increase asphalt consumption and risk
reducing volume stability [3].

Nowadays in Kazakhstan there is an obvious need to save material resources of the
country, to develop and master waste-free innovative technologies. In the nearby territories
of Arcelor Mittal Temirtau JSC, $200 million was allocated. more than a tonne of waste
was collected, which negatively affects the environmental situation not only in the city of
Temirtau, but also outside the Karaganda region. In our country, the main part of blast
furnace slag melt is granulated. As for steelmaking slag, the main part of it is poured into a
mound, and only a small part of it is processed into crushed stone, fertiliser, slag.

The productivity of ArcelorMittal Temirtau JSC’s metallurgical production is constantly
growing, and the amount of slag produced is increasing accordingly. It is planned to increase
slag output up to 900 thousand tonnes per year (blast furnace slag - up to 600 thousand
tonnes per year, BOF slag - up to 300 thousand tonnes per year).

In 2020, ArcelorMittal Temirtau’s slag pumice was processed into fractional crushed
stone, producing about 210 thousand tonnes of slag sand. The volume weight of asphalt
concrete pavement compacted on the basis of slag-pumice sand is 2.2 tonnes/m?. At 9% of
bitumen and using the entire output of slag-pumice sand for road purposes, it is possible
to obtain 291 thousand tonnes of asphalt-concrete mixture sufficient to install 170 km of
roadbed with a thickness of 9 cm.

Researchers Zhao, Zenggang, Zipeng Wang, Shaopeng Wu, Jun Xie, Chao Yang, Na
Li and Peide Cui from Wuhan University of Technology, Tongji University and Southeast
University in Nanjing, China, conducted a joint experiment comparing the performance of
steel slag asphalt concrete and basalt asphalt concrete. [5]

Marshall stability test, indirect tensile test, dynamic stability test and beam bending test
were conducted to evaluate the moisture susceptibility, high temperature performance and low
temperature performance of the asphalt mixture in accordance with standard test methods for
bitumen and bituminous mixtures for highway construction.

The test results showed that steel slag asphalt mix has higher Marshall moisture resistance
than basalt mix. The stability of steel slag asphalt mix is 13.9 kN, while the basalt mix reaches
11.8 kN. In addition, the steel slag asphalt mix exhibits a tensile strength coefficient of 92.6%
or higher, while the basalt mix achieves a value of 88.2%. Both values exceed the minimum
requirements set by China Standard 2011, which are at least 80%. Thus, it can be concluded that
steel slag asphalt mix has higher tensile strength compared to basalt asphalt mix.

In addition, a flexural tensile test was conducted. The results showed that steel slag asphalt
mix has higher flexural tensile strength, better deformation and higher stiffness compared to
basalt asphalt mix. Nowadays, flexural tensile strain is often used to evaluate the performance of
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asphalt at low temperatures. The greater the maximum flexural tensile strain, the better the low
temperature deformation resistance of the asphalt mix and the more pronounced its resistance
to cracking.

The flexural tensile strain values for steel slag asphalt mix and basalt asphalt mix are 3247.1
pne and 3103.4 pe, respectively, exceeding the specification requirement of 2800 ue. Thus, the
low temperature performance of the asphalt mix using steel slag as coarse aggregate is found to
be better than that of the mix using basalt. This is due to the excellent adhesion between steel slag
and asphalt as well as the good bonding effect between steel slag aggregates, table 1.

Table 1. The results of trabecular bending test

Types Ultimate flexural Ultimate flexural Stiffness modulus
tensile strength (MPa) Tensile strain (pe) (MPa)
Steel slag asphalt 10.726 3247.1 3303.3
mixture (ARHM-13)
Basalt asphalt mixture 10.148 3103.4 3270.0
(ARHM-13)

This can be attributed to factors such as the high angularity index, the presence of many
pores in the structure and the chemical composition of the steel slag aggregate. Due to these
features, steel slag provides better adhesion to asphalt compared to basalt. However, it is worth
noting that steel slag asphalt mix also has a higher susceptibility to moisture compared to basalt
asphalt mix.[5].

All products of slag processing are economical. For example, slag gravel is 1.5-2 times
cheaper than natural gravel and requires 4.5 times less investment in equity capital; slag pumice
is 3 times cheaper than expanded clay and 1.5 times less investment in equity capital [5] and the
use of 1 tonne of granulated slag in the cement industry increases cement output by 1 tonne,
which costs 9 times less and requires 9 times less investment in equity capital.

The University of Jordan conducted an interesting experiment in which researchers Naser,
Mohammad, Mu'tasim Abdel-Jaber, Rawan Al-Shamayleh, Reem Ibrahim, Nawal Louzi and
Tariq AlKhrissat participated. In this experiment, they conducted a number of studies in
order to investigate certain aspects. This paper discusses the results of an experimental study
conducted to evaluate the performance of recycled asphalt concrete mixtures made using
reclaimed aggregate for asphalt pavements (RAP). These mixtures were also prepared using
two aggregate additives, namely steel slag (SS) and silica fume (SF), in four different percentages
by weight of aggregate. [6]

The Marshall stability and flowability tests were carried out in two stages. In the first
stage, mixtures containing RAP materials with different asphalt contents were prepared to
determine their optimum asphalt content (OAC); therefore, in the second stage, new RAP
mixtures with appropriate OAC at different additive percentages were prepared and tested.
The tests conducted in the first phase confirmed the effectiveness of RAP agglomerates as a
replacement for natural aggregate in hot mix asphalt mixtures. The overall results showed
that mixtures with RAP had more stable characteristics than those with limestone. The
maximum stability values were achieved for mixtures containing 75% and 100% RAP when
asphalt binder was added at a rate of 2%. This indicates that the use of RAP agglomerates
can reduce the need for asphalt.

As shown in the test results, the addition of steel slag to RAP mixtures resulted in
improved mechanical and volumetric properties of the asphalt mixtures due to the density
of the steel slag. Marshall stability improved significantly for mixtures containing 50% and
75% RAP when 75% and 50% fine steel slag was added, respectively. The highest recorded
load for stability was 32.73 kN for mixtures containing 75% RAP and 50% steel slag when
2% asphalt binder was added.[6]
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Researchers Peter Mikhailenko, Zhengyin Piao, Lily D. Poulikakos from Yale University
and the Swiss Graduate School of Technology in Zurich conducted an experiment
investigating the possibility of using electric arc furnace slag as an aggregate in semi-dense
asphalt, [7].

Several experiments were conducted as part of the study, including the determination of
the Modulus of Stiffness. The results indicated that the control mixture had higher stiffness
compared to the electric arc furnace slag mixtures. Although electric arc furnace slag was
found to increase the stiffness, the discrepancy here may be due to the influence of the
additional additive. In absolute terms, the elastic modulus values obtained for the three
materials tested at 10°C and 10 Hz, which are typical test parameters, were 9952, 7960, 7479
MPa, Figer 1, 2. These values are slightly lower than the elastic modulus values obtained for
a similar mixture in the previous study, which were 10,231 MPa.
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Figer 2. Phase angle (°) from stiffness
modulus tests at 10 °C.

An experiment was also conducted to determine the environmental impact. The study
showed that modified semi-dense asphalt containing electric arc furnace slag reduced
greenhouse gas emissions and environmental negative contribution by 40% and 90%,
respectively, compared to conventional semi-dense asphalt. The main factor behind these
results is the avoidance of burial of electric arc furnace slag. However, the use of this material
does not improve the non-renewable energy input potential.

Conclusions

The review article on slag concrete for highways provided important information on
the use of slag as a sustainable substitute in road construction, so in conclusion. According
to the findings of the article, the addition of slag to asphalt concrete can have a number of
positive effects on performance, economic efficiency and environmental sustainability.

Firstly, the addition of slag to asphalt concrete improves the mechanical properties
of the mix, such as its resistance to rutting, stiffness and fatigue. These improvements
are attributed to the angular shape, high hardness and bonding properties of slag, which
contribute to the bearing capacity and durability of road surfaces.

Secondly, the use of slag in road construction helps to preserve the environment. The
article emphasizes the reduction of resource consumption and dependence on quarries by
replacing some of the traditional aggregates with slag. The use of slag also reduces industrial
waste and helps in recycling and reusing industrial by-products. This strategy encourages a
circular economy and is in line with sustainable development goals.
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In addition, there are obviously financial advantages to adding slag to asphalt concrete.
Slag is often readily available as a by-product of various industries, such as steel production,
and its use can lead to cost savings in road construction. Reduced reliance on virgin
aggregates can reduce material costs, and the improved performance and durability of slag
concrete for highways can lead to longer service life and reduced maintenance requirements,
resulting in significant cost savings over time.

Overall, the findings of this review article emphasize the potential of slag concrete
as a sustainable and cost-effective solution in road construction. Slag utilization provides
increased productivity, environmental and economic benefits. Further research and field
studies are needed to address the remaining challenges and to ensure the successful
implementation of slag-based asphalt concrete in practice.

This research was funded by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (Grant No. BR18574214).
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AbcTpakT. AcaarToBble 1 OETOHHBIE JOPOSKHBIE TOKPHITUSA SABAAIOTCA HEOTHEMAEMOM YacThio
MHQPPACTPYKTYPHI TPAHCTIOPTHEIX CHCTEM, @ B IIOCAeAHIE TOABI ITLAaKOBhIN JOPOKHEIN acaabT Ipuodpea
MOy ASIPHOCTD Kak 9(pPeKTUBHasA U DKOAOTUIECKH JNCTas aabTepHaTuBa. ITpeamerom gaHHO 0030 pHOI
CTaTBM SABASETCS ITAAKOBEIN acaAbT, MOAYJeHHBIN ITyTeM BKAIOUeHM: IIldaka, ITODOYHOIO MpOAYKTa
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IIPOMBIITLA€HHOTO ITPOM3BOACTBa CTaan BacdaabTOOeTOHHBIE cMecH. B craThe ITpejcTaBAeHO0030p IOCA AHUX
HayYHBIX pa0OT IO MCIOAB30BaHUIO IAaKOBOTO JOPOXKHOTO acdaabTa. B JaHHO cTaThe pacCMOTpPEHBI
COCTaB, TeXHOAOTMYeCKMe ¥ (PU3MKO-MeXaHNJecKre XapaKTepUCTUKHU IaakoacdaabTobeToHa. Ocoboe
BHUMaHIE yJeAsdeTcs MCCAeJOBaHMAM BAVSHMS III1aKa Ha ITPOYHOCTB, CONPOTMBAEHUE Pa3pyIIeHUIO
u gepopManuio Marepuada. ABTOPB HPEACTaBASIOT 0030p Pa3AMYHBIX METOAOB MOAudUKaIUu
II11aKOBOTO acaabTa AAs YAYUIIEHNUs €r0 XapaKTepUCTUK U AOATOBEYHOCTU AOPOKHBIX MOKPHITHIL. B
cTaThe TakKe MOJUepKUBaeTCs HKOAOTMIeCcKoe 3HaueHMe I11aKoBoro acgaaprroderona. OOmmii aHaau3
9TUX CTaTell CBUAETeABCTBYET O BO3MOXKHOCTH MCIIOAB30BaHM: III1aKOBOTO JOPOXKHOTO acdaabToOeTOHa
B KauectBe »(PQPEKTUBHOTO U DKOAOTMYECKN YCTOWIMBOTO MaTepuala B JAOPOKHOM CTPOUTEALCTBE.
OAaHako HEOOXOAMMEI AaAbHENIINE VCCAeAO0BAaHUSA U TIPaKTIIeCKIe VICITBITaHWUS A4S TIOATBEPKAEHIIS €TO
IIPUMEHUMOCTY B Pa3AMYHBIX KAVMATUIECKUX U JOPOXKHBIX YCAOBMAX. B 3aKAI0UMTEABHOI YacTU CTaThU
paccMaTpuBaeTcs 3HadeHNe I11akoacdpaabToO0eTOHa B KOHTEKCTEe YCTOMUMBOIO J0POYKHOTO CTPOUTEABCTBA.
[NoguepkuBaeTcss MOTeHIMaA IIAaKOBOTO acaabTa AAs SKOHOMMM 3aTpaT IIPU CTPOUTEALCTBE I
CoZep>KaHNY AOPOKHOM MHPPACTPYKTYPHI, a TAKKe A5 ITOBLIIIEHIIS ee J0ATOBeYHOCTH U YCTOMYMBOCTIL.
B sakarodeHme B cTaThe JaeTcs OOODOINEHHEINI 0030p IIAakoacdaabTOOETOHa, €ro IPeNMYIecTs I
TIePCITeKTUB ITPYMEHeHNsI B J0POSKHOM CTPOUTEABCTBE.
Karouesble caoBa: acdpaabTOOETOH, CTAABHOM II1AaK, MUKPOKPEMHe3eM, JOPOKHBIE TTOKPBITIL
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AngaaTtna. AcdaapTThl JXKoHe OeTOHABI XKaObIHAAP KOAIK XKyliedepi MHPPaKyPHLABIMBIHBIH KypaMAac
6eairi 00AbIT TaOblLAaABI KOHE COHFBI KBIAAAPHI IIAaK K04 acdaabThl TUIMAL JKoHe DKOAOTUAABIK Tasa
b6asama petige TaHbIMaa 00aabl. OCBl IIOAY MaKaAdacChIHBIH TaKbIpbIOb — acdaabT KocCHaJapbIHa
OHepKaCinTiK 0o0aaT eHAipiciHiH >kaHaMa ©HiMi OOABIII TaOBlAATBIH KOXABI KOCY apKbIABl aAbIHFaH
maak acaabTel. Makasaga maax >xoa acgaabThIH IaiijazaHy OOJIBIHINIA COHFBI FBIABIMUL XKYMBICTapFa
moay Oepiaren. bya makazaga Ko acdaabTOETOHBIHBIH KYpaMBbl, TEXHOAOTUAABIK, >KoHe (PU3MKaAbIK-
MeXaHMKaABIK ~CHUIIaTTaMaJapbl KapacTelpbldaabl. IllaakTelH MaTepmaaablH —OepikTirine, CbIHyFa
TesimMaiairine >xoHe aeopMallMAChIHA 9CepiH 3epTTeyre epekille Hazap ayAapbliaabl. ABTOpAap OHBIH
©HiMAiairi MeH >KaOBIHHBIH OepiKTiriH >kakcapTy YIIIiH KoK acdaabTTh TYPACHAIPYAiH apTypai aaicTepine
moay >Kacanapl. CoHgall-aKk MaKadada KOXK ac(aAbTOETOHBIHBIH HKOAOIVISABIK MaHBI3BI epeKIlle aTall
eTiaren. Ocbl MaKaAaAapAbIH JKaAIbl Taldaybl )KOA KYPBIABICEIHAA THIMAL JKoHe DKOAOTUAABIK TYPaKThI
Marepuaa peTiHge KOX K04 acdaabTOeTOHBIH IHaligadaHy MYMKIHAITiH kepceTeai. JereHMeH, OHBIH
9PTYpPAl KAMMATTBIK KoHe K04 >KarJalidapblHia KOAAaHBIAYBIH pacTay YIIiH KOCBIMINa 3epTTeylep MeH
ToXKipnbeik chIHaKTap KaskeT. MakaaHbIH KOPBITBIHABI 00AiMiHAe TYPaKThl K01 KYPBLABICH KOHTEKCTiHAe
KOX ac(aAbTOETOHBIHBIH MaHBI3ABIABIFBl KapacTeipblaadbl. Kok acdaabTTeiH k04 MHPPaKypPHLABIMEIH
ca/y >KoHe KYTIIl ycTay IIBIFBIHAAPLIH YHEMAEY, COHAAll-aK OHBIH OepiKTiri MeH TYPaKTBIABIFBIH apTTEIPY
MyMKiHgiriHe Oaca Haszap aydapblaaanl. KopbITBIHABLAA Kede, MaKadada KOX acpaabTOeTOHFa >KaAIlbl
11104y, OHBIH apTHIKIILIABIKTaphl MeH K04 KYPbLABIChIHAA MaligadaHy IlepclieKTuBalaphl OepiareH.

Tyiiina ce3gep: achaaprOeTOH, O04aT IMI1aKTaphl, KPEMHUII Ta3bl, K04 TOCeMAepi
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